
Presentation Abstracts

Global Spine J 2016;6(suppl 1):S1–S248.

Part 1: World Forum for Spine
Research
Invited Speakers

Disc: Biomaterials

WIN001. Structural and Functional Repair of the Annulus
Fibrosus
James Iatridis1
1Department of Orthopaedics, Icahn School of Medicine at Mount
Sinai, New York, New York, United States

Degenerated intervertebral discs (IVDs) are commonly
implicated in low back pain and herniation is a direct cause of
pain and disability. There are few minimally invasive treat-
ments to treat and repair painful IVD degeneration including
annulus fibrosus (AF) defects. Painful IVD injuries and degen-
eration are associated with structural disruption, chronic
inflammation, and neurovascular ingrowth deep into the
IVD and all of these conditions must be addressed to enhance
function and inhibit painful conditions. Design goals for
functional AF repair involve the restoration IVD height and
motion segment biomechanics to intact conditions, sealing of
defects in the AF, no (orminimal) risk of herniation under high
physiological load conditions, and the ability to promote
healing. Evaluation methods for AF repair strategies should
progress from rapid screening studies to more advanced and
rigorous evaluations in situ and eventually in vivo. Multiple
hydrogel repair strategies are described including sealants
and cell carriers. Fibrin crosslinked with geniplin (FibGen)
shows promise for AF repair with good performance biome-
chanically and in organ culture.

Disclosures: None

Fig. 1 (a) FibGen repaired a large AF scalpel injury. IVD organ
culture experiments showed FibGen (b) retained adjacent AF
structure, remainedwell-adhered toAF tissue, and (c) allowed
cell infiltration while maintaining local cell viability (black
arrows) after 14,000 compression loading cycles. Biomechan-

ical testing showed FibGen (d) completely restored compres-
sive stiffness, (e) partially restored tensile stiffness, and (f)
completely restored IVD height to intact levels. (g) Failure
bending tests showed no herniation and excellent adhesion
but some midsubstance failure (black arrow).

WIN002. Designing Biomaterials Systems for the Disc
Pathology
Abhay Pandit1
1CÚRAM, Center for Research in Medical Devices, National University
of Ireland, Galway, Ireland

Biomaterials are no longer considered innate struc-
tures and using functionalisation strategies to modulate a
desired responsewhether it is a host or implant is currently an
important focus in current research paradigms. Fundamen-
tally, a thorough understanding the host response will enable
to design propoer functionalisation strategies. Using function-
alisation strategies such as enzymatic and hyperbranched
linking systems, we have been able to link biomolecules to
different structural moieties. The programmed assembly of
biomolecules into higher-order self-organized systems is cen-
tral to innumerable biological processes and development of
the next generation of functionalized scaffolds. Recent design
efforts have utilized a bottom-up approach toward both
understanding and engineering supramolecular protein as-
semblies. These include functionalisation of micro and nano-
particles with biomolecules that include designed peptide
motifs, growth factors and amultitude of gene vector systems.
Structural moieties have taken a variety of different forms
such as nanofibers and nanoparticulate. The talk will elucidate
some of these ongoing strategies in our laboratory.

Keywords: biomaterials, intervertebral disc, tissue
engineering

Disclosures: None

Disc: Molecular Agents/Degeneration

WIN003. Biologic Targets for Mitigating Age-Associated
Intervertebral Disc Degeneration
Nam Vo1
1Department of Orthopaedic Surgery, University of Pittsburgh,
Pittsburgh, Pennsylvania, United States

Growing old is the greatest risk factor for the develop-
ment of intervertebral disc degeneration (IDD), an underlying
condition of many debilitating spine-related disorders
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including chronic back pain. Understanding the biology of
intervertebral disc aging to develop effective interventions to
minimize the adverse effects of aging on disc health is
imperative, given the rapid global growth of the aging popu-
lation. Recent research studies have begun to shed light on the
basic biological process of disc aging. Accumulation of DNA
damage was recently demonstrated as a key molecular driver
of aging of the intervertebral discs. This talk summarizes the
major findings that shed lights on the molecular mechanisms
of how disc DNA damage is induced and the consequences of
accumulated DNA damage on disc cell phenotype and extra-
cellular matrix homeostasis. In particular, cellular senescence
emerges as a centralmediator of age-related disc degenerative
changes which originated from DNA damage. The molecular
processes of how DNA damage induces disc cellular senes-
cence leading to perturbation of disc matrix homeostasis and
matrix proteglycan loss through the NF-kB signaling are
discussed in details. Key molecular steps involved in genera-
tion of DNA damage, formation of senescence, and activation
of NF-kB signaling in disc cells will be highlighted as novel
therapeutic targets along with the emerging candidate thera-
peutics that may mitigate age-associated IDD.

Keywords: intervertebral disc, aging, DNA damage, nf-
k, b, cellular senescence

Disclosures: None

WIN004. Link N as a Therapeutic Agent for Early
Intervertebral Disc Degenertion
Nizar AlGarni1,2, Michael P. Grant2, Laura M Epure2, Omar
Salem1,2, John Antoniou1,2, Fackson Mwale1
1Department of Surgery, McGill University, Montreal, Canada
2Orthopaedic Research Laboratory, Lady Davis Institute for Medical
Research, SMBD-Jewish General Hospital, Montreal, Canada

Purpose: Although the disc has limited endogenous
repair activity, induced repair of disc tissue may be possible
by the intradiscal injection of growth factors to stimulate the
productionofdiscmatrix.Wepreviouslydemonstrated that Link
N (DHLSDNYTLDHDRAIH), a naturally occurring peptide gener-
ated by the N-terminal proteolytic fragmentation of link protein
during tissue turnover, can act as a growth factor in the disc. It
can stimulate matrix production in vitro, in vivo and in intact ex
vivo human intervertebral discs (IVDs). We have recently dis-
covered that AF cells have the ability to proteolytically process
LinkNresulting ina fragment spanningaminoacid residuesone-
eight (US Patent # 61870394) – short Link N (sLink N). Our in
vitro data indicates that the biologically active sequence is
preserved within this fragment and, thus, sLink N could repre-
sent a potential stable growth factor able to stimulate disc repair.
Separately, we developed a long-term organ culture model with
vertebral bone. The purpose of the present studywas to evaluate
the effect of sLink N and compare its efficacy to Link N in this
novel organ culture model of early disc degeneration.

Method: Caudal IVDs from the tails of 20–24 months
old steers were isolated with adjacent vertebral bone. After
seven days of preconditioning in culture, degeneration was
induced in IVDs by a single injection of 50 μg trypsin into the
NP. Seven days after induced-degeneration, the trypsin-
treated discs were injected with either sLink N or Link N
(100 μg/disc, n=six discs/group). Four of the trypsin-treated
degenerate discs were injected with PBS alone to serve as a
control for degeneration while four discs served as non-
degeneration controls. At two, four and eight weeks post
treatment, two discs from each treatment and control groups
were processed for biochemical analyses. Proteoglycan (pre-
dominantly aggrecan) synthesis in the NP was monitored as
sulfated glycosaminoglycan using dimethylmethylene blue
dye-binding assay, and Western blotting was performed to

determine the expression of aggrecan and type two collagen
in the tissue.

Results: Without intervention, at all time points, the
GAG content in degenerate discs dropped to ~50% of that in
non-degenerate controls. In contrast, sLink N, significantly
increased the GAG and collagen content of the discs compared
with that in degeneration control discs.

Conclusion: The results revealed that sLink N has the
ability to restore tissue content in an early state of disc
degeneration. These results have implications in relation to
using either sLink N in regenerating a functional NP in the
degenerated IVD or in retarding disc degeneration. Separately,
we have developed and validated a novel long-term IVD organ
culture model that retains vertebral bone and easy to prepare.
Our model is ideal for testing potential drugs and alternate-
based therapies, in addition to investigating the long-term
effects of loading paradigms on disc degeneration and repair.

Keywords: intervertebral disc degeneration, regenera-
tion, tissue engineering, organ culture, proteoglycans

Disclosures: None

Osteo: Molecular Agents/Cell Based
Therapy

WIN005. Future of Biologics for Spinal Fusion
Jeffrey C. Wang1
1USC Spine Center, Los Angeles, United States

The use of biologics will grow in the future in terms of
bone healing, spine fusion, and disc regeneration. In addition,
osteogenic material will always be needed for spinal fusion. The
future will be a combination of improvements in bone graft
materials that are safe, have no donor morbidity, and have an
unlimited supply. This talk will discuss current and future
options for bone healing. Bone grafts and bone graft substitutes
are generally classified into one ormore of the following groups:
osteogenic, osteoinductive, osteoconductive, and structural.
Structural grafts, such as a tricortical iliac crest graft or femoral
ring allograft, provide mechanical support to the construct.
Osteoconductive grafts provide a scaffold for bone formation.
Osteoinductive grafts are able to induce osteoblastic differentia-
tion of the progenitor cells. Osteogenic grafts are able to directly
contribute cells for bone formation. Autograft has long been
considered the gold standard as it has all of the above properties.
However, limited supply of autograft, as well as the morbidity
associated with its harvest, has led to the development of a
plethora of bone graft substitutes and extenders which may
contain one ormore of the above properties. Allografts obtained
from cadavers provide an osteoconductive scaffold, and are
weakly osteoinductive. These grafts do not have any osteogenic
potential, as all the cells arekilledduring theprocessing aimed to
decrease the risk of infection transmission and antigenicity. Still,
a minute risk of viral transmission, such as hepatitis, cytomega-
lovirus, and human immunodeficiency virus, still exists. Allog-
rafts may also undergo further processing such a
demineralization, leading to demineralized bone matrix
(DBM). DBM lacks the structural support of strut allografts,
but still has osteoconductive and osteoinductive properties.
Demineralized bone matrix (DBM) is a bone graft substitute
with primarily osteoconductive and some osteoinductive prop-
erties. It is formed by acid extraction of allograft bone, resulting
in the loss ofmineralized component of bonewhile retaining the
type 1 collagen framework and many growth factors. The
osteoinductive quality of DBM varies among different products
due to the variability in their content of the bone morphogenic
proteins (BMPs). It is currently available in multiple forms,
including putty, injectable gel, and flex strips. Ceramics are an
attractive typeof bonegraft extenders and substitutes for several
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reasons. They can be manufactured in large quantities and a
variety of shapes and sizes, do not carry a risk of disease
transmission, are biodegradable, and are easy to sterilize. On
the other hand, they only provide an osteoconductive scaffold,
have little shear strength, and are brittle. As such, they cannot be
used as structural grafts without the protection of rigid instru-
mentation. Commercially available forms of ceramics include
calcium carbonate and β-tricalcium phosphate.

WIN006. New Therapies for Spinal Fusions: Cells, Molecules
and Surfaces
Hyun Bae1
1Cedars Sinai Spine Center, Los Angeles, United States

Osteo: Carriers and Bone

WIN007. Novel Carriers for Growth Factors for Enhancing
Spinal Fusion
Xudong Joshua Li1, Li Jin1, Francis Shen1
1Department of Orthopaedic Surgery, University of Virginia,
Charlottesville, United States

Spinal fusion is a well-accepted surgical treatment for
many spinal diseases; the costs amount to ~34 billion annually
in the US alone, with significant increases projected due to an
aging population. Non-unions are a notable complication of
spinal fusion surgery. To promote bone regeneration, the FDA
has approved rhBMP-2 with a rebsorbable collagen sponge as
an alternative to the standard bone graft for spinal fusion.
However, adverse events associated with supraphysiological
doses, and burst release of rhBMP-2 is a recurring problem for
clinicians. Formulations that help regulate the delivery and
release profile of growth factors are needed to achieve con-
sistent clinical outcomes. Numerous approaches have been
tested, and some of them have shown promising results.
Strategies tested for achieving this endeavor include: 1)
optimization of cytokine kinetics, 2) combination of different
growth factors, 3) utilization of osteoinductive and osteocon-
ductive scaffolds, 4) incorporation of progenitor cells, 5)
augmentation of biological activity with tropic bone factors,
and, 6) reduction of the endogenous BMP antagonists.

Disclosures: None

WIN008. Bone Healing through Synthetic Scaffolds
Wellington K. Hsu1
1Department of Orthopaedic Surgery, Northwestern University
Feinberg School of Medicine, Chicago, Illinois, United States

Patients who undergo spine surgery can have subop-
timal outcomes postoperatively from pseudarthrosis. Histori-
cally, iliac crest bone graft, which provides all of the critical
elements of bone repair, has been the gold standard for spine
fusion, however, recent studies suggest that less than 6% of the
U.S. spine surgeon population utilizes this procedure. Several
bone graft substitutes are now available worldwide that
obviate the need for the complications from iliac crest harvest-
ing such as growth factors, stem cells, and allograft-based
products. Recent developments in the production of bioma-
terials have highlighted the potential for synthetic scaffolds in
providing graft options for surgeons in the future. With novel
3D printing methods, use of peptide amphiphiles, and formu-
lation modifications, we will review the promising technolo-
gies that may revolutionize spinal biologics.

Keywords: nanotechnology, nanofiber scaffolds,
3d-printed scaffolds, bone healing

Disc: Cell Based Therapy

WIN009. Mesenchymal Stem Cell Based Therapies for Disc
Repair/Regeneration
Judith A. Hoyland1, Louise Clarke1, Tom Hodgkinson1, Stephen
M. Richardson1
1Centre for Tissue Injury and Repair, Faculty of Medical and Human
Sciences, University of Manchester, United Kingdom

Low back pain (LBP) is one of the most common
musculoskeletal disorders, with an estimated 84% of the
population experiencing LBP at some point in their lifetime.
The prevalence of LBP increases with age, suggesting inciden-
ces of LBP are likely to increase in the future due to a global
aging population, changes in lifestyle and occupational
stresses. Although the causes of LBP are multifactorial, in-
creasing evidence implicates intervertebral disc (IVD) degen-
eration as a major contributor, with loss of IVD integrity
leading to destabilization of the spinal motion segment,
resulting in pain and disability.

The IVD is a complex structure that allows movement
between adjacent vertebrae and sustains the load applied
through the spine. It consists of an outer annulusfibrosus (AF),
a ligamentous lamellar structure composed predominantly of
type I collagen fibers, and a central gelatinous nucleus pulpo-
sus (NP) composed predominantly of the proteoglycan aggre-
can, interspersed with type II collagen fibers. In degeneration
there is an alteration in NP cell biology leading to diminished
cell numbers and altered cell function (largely increased
catabolism) resulting in an imbalance between matrix syn-
thesis and degradation, particularly within the NP.

Current medical treatments for IVD degeneration rely
on conservative therapies (e.g., pain relief, exercise therapy)
and, when these fail, surgery. Surgical treatments such as
spinal fusion and disc replacement have shown satisfactory
results in alleviating pain, but are not devoid of complications
and long-term clinical outcomes still remain poor. Thus, there
is an urgent need for alternative therapies focused on correct-
ing the underlying pathogenesis and aberrant cell biology of
IVD degeneration. As such many researchers, including our-
selves, are focusing on the development of novel cell-based
therapies. However, in order for these to be successful an
appropriate cell source for implantation, together with a
suitable growth factor to direct cell differentiation and forma-
tion of a functional matrix formation must be identified.
Additionally, extensive in vitro studies are needed to establish
and support further pre-clinical and potential commercial
development.

Having characterized the phenotype of humanNP cells
(a prerequisite for tissue engineering/regenerative strategies
to ensure correct differentiation of cells to the target native
cell) wehave applied this knowledge to demonstrate that both
bone marrow MSCs (BM-MSCs) and adipose-derived MSCs
(AD-MSCs) are capable of differentiation toward an NP-like
phenotype. Specifically, we have demonstrated that stimula-
tion of both BM-MSCs and AD-MSCs with GDF6 (compared
with other members of the TGF-β superfamily) results in
improved differentiation to an NP-like phenotype and, impor-
tantly, synthesis and deposition of an extracellularmatrix, rich
in proteoglycan and having micromechanical properties akin
to the native healthy NP. Significantly, these studies have
highlighted that AD-MSCs (rather than BM-MSCs) are the
more appropriate cell source for NP regeneration and that
GDF6 (alias CDMP-2 or BMP-13) is the most suitable growth
factor for directing differentiation. Additionally we have
shown that factors in the IVD niche, namely, hypoxia and
load can modulate AD-MSC differentiation and that when
these factors are combined they act synergistically to promote
matrix formation and increase proteoglycan synthesis. For
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regeneration strategies, MSCs will be implanted into the
degenerate IVD niche which is a milieu of catabolic and pro-
inflammatory cytokines, particularly IL-1, and thus their
response such pro-inflammatory factors needs to be ascer-
tained to ensure that catabolic events are not exacerbated.
Interestingly, when AD-MSCs that have been differentiated to
NP-like cells (i.e., aNPCs) are exposed to IL-1, there is no
significant fold changes in gene expression for the matrix
molecules (ACAN, COL2A1), matrix degrading enzymes
(MMP3, MMP13), or proteoglycan synthesis when compared
with untreated aNPCs. This suggests that these cells may be
able to withstand the effects of the catabolic milieu in the
degenerate IVD niche.

Furthermore, our studies have shown that GDF6 has
anabolic effects on degenerate human NP cells, stimulating
adoption of a more normal NP phenotype and increasing
appropriate matrix synthesis. This suggests that delivery of
GDF6 as part of an MSC-based regenerative therapy may be
beneficial both in directing appropriate, lineage-specific MSC
differentiation, but also in restoring a healthier, more anabolic
phenotype in native NP cells, thereby having a dual regenera-
tive effect.

Importantly, these in vitro studies demonstrating that
GDF6 promotes AD-MSC differentiation to NP cells and syn-
thesis of an NP-like matrix, as well as potential effects of GDF6
on resident NP cells, suggests that our proposed combined
biologic and cellular therapy can provide a significant step-
change from existing interventions, potentially bridging the
gap between symptomatic care and aggressive surgical
interventions.

Keywords: IVD degeneration, regeneration,mesenchy-
mal stem cells, GDF6

Disclosures: None

WIN010. Repair of the Degenerated Disc: A Perspective
Derived from Cell-Based Studies
Victor Leung1
1Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, China

Like articular joints, intervertebral discs (IVD) suffer
from degeneration which is thought to be irreversible after
initiation. Disc degeneration is associated with low back pain,
and the degenerative IVD can be a source of irritation. While
the cause of IVD degeneration is not entirely understood to
date, both genetic and environmental factors have shown
contribution to its etiology. Various studies investigated disc
repair or regeneration via cell-based approaches. These find-
ings help us to derive new insights or principles about the
degeneration, and the use of related therapies in future.

Nucleus pulposus (NP) has a role in disc height main-
tenance and supporting motion of spinal segment. The loss of
NP integrity is one of the earliest events of disc degeneration,
implying a critical function of NP in IVD homeostasis. Recov-
ery of the NP function is therefore an important goal in
treating disc degeneration. Transplantation of chondrocytes
or NP cells has shown some extent of reparative capacity.
Nevertheless, the use of mesenchymal stromal/stem cells
(MSCs) in treating IVD degeneration has drawn much atten-
tion in the last decade. Studies have attempted to engineer
MSCs intoNP-like cells directly for de novo disc engineering or
disc implantation, aiming to restore the matrix and hence
recover the nativeNP function. This includes the use of growth
factors such as TGF-beta, GDFs, and BMPs to induce MSC
differentiation in vitro. MSCs may also be delivered directly
into the disc where the engrafted MSCs acquire a differentiat-
ed phenotype to benefit NP function. Results from pilot
clinical trials support that intradiscal MSC implantation may

alleviate symptoms and possibly delay IVD degeneration
progression.

While the use of models and regime of MSC introduc-
tion may vary, the results from the in vivo studies have laid
important foundation to our understanding in the capacity
and mechanism of MSC-based therapies. One school of
thoughts is that MSCs can attain a collage II and proteoglycan
expressing phenotype in the degenerated discs. However,
other reports have also suggested that MSCs and NP cells
can mutually exchange biological information and promote
anabolic activities through cell-cell contact or paracrine ac-
tion. Therefore MSCs may contribute to disc repair via path-
ways other than direct differentiation. MSCs may have other
capacities in alleviating disc degeneration. Autopsy and sur-
gical specimens show evidence of fibrosis in the majority of
degenerated discs. We recently show that human IVD degen-
eration exhibits features of fibrosis and that a rabbit disc
degeneration model shows similar features. Implantation of
bonemarrow-derivedMSCs can inhibitfibrosis-related events
in the degenerative NP and effectively preserves its mechani-
cal characteristics and the overall motion segment function.
MSCsmay achieve this by repressing the profibroticmediators
that are implicated inmediating collagen anomalies in fibrotic
diseases. Altogether, these support a model where MSCs may
have a capacity in actively modifying the local microenviron-
ment to potentiate resident progenitor function for tissue
repair.

Keywords: intervertebral disc, stem cells, regeneration
Disclosures: None

Disc: Degeneration and Pain

WIN011. Pain: Insights from the Disc and Other Spinal
Tissues
Beth A. Winkelstein1
1Departments of Bioengineering and Neurosurgery, University of
Pennsylvania, Philadelphia, Pennsylvania, United States

Persistent pain is a common symptom of both trauma
and degeneration induced conditions in the spine. During
both cases, the spine can undergo abnormal motions and
tissue injury. Under such pathophysiological loading, periph-
eral and central neuroimmune and nociceptive signaling
cascades are initiated that can, under certain conditions,
lead to the onset and maintenance of pain. Pain sensation
includes both sensory and emotional experiences, but ‘noci-
ception’ refers to the physiological responses and signal
transmission that encodes pain. Typical behavioral signs and
symptoms are exhibited clinically by patients with spinal
pathologies, including allodynia and hyperalgesia to mechan-
ical and thermal stimuli. These signs are quantifiable and have
been used in both clinical studies and animal models of pain,
using dermatomal mapping between species.

An overview of the anatomy and physiology of spinal
tissueswith the potential for pain generationwill be reviewed,
together with the relationships between tissue loading, noci-
ceptive signaling and pain. These will be addressed from
macroscopic points of view to cellular injuries, and incorpo-
rating both neuronal and associated immune and other
physiological cascades which can complicate the pain re-
sponse. Building off of that work, findings from in vivomodels
will be reviewed, particularly those that incorporate methods
to understand the spatio-temporal mechanisms of pain pro-
duction, both at the site of pain origin and in the central
nervous system (CNS). Findings regarding pain symptomswill
be related to the physiological cascades in both the periphery
and the central nervous system.Nociceptive signaling can lead
to sensitization, which is increased responsiveness of neurons
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to their normal input or recruitment of a response to normally
subthreshold inputs. Sensitization can occur in the periphery
or in the CNS. Peripheral sensitization leads to altered noci-
ceptive responses at the injury site, including decreased
thresholds for afferent firing and increased responsiveness
of peripheral nociceptive neurons; central sensitization in-
volves the increased spontaneous activity and responsiveness
of nociceptive neurons in the CNS, which results in increased
nociception at secondary sites that have no tissue damage.
These will be reviewed in the context of our models of
neuropathic and ligament based pain in the rat. Given the
challenges in measuring ligament damage other than gross
tissue responses in vivo, we separately present studies that
further investigate local mechanotransduction processes by
highlighting relationships between locally-induced bio-
mechanical deformations and microstructural changes, and
the release of pain mediators. Lastly, early findings related to
measuring the affective components of pain in the rat, along
with work highlighting the importance of some of these
findings for pain therapies and interventions that specifically
target those spatiotemporal neuroimmune cascades will be
presented to provide context for the other presentations.

This work was funded by the Centers for Disease
Control, the National Science Foundation, NIH, NHTSA, De-
partment of Defense, and the Catharine Sharpe Foundation.

Disclosures: None
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Disc: Biomaterials

WO001. Annulus Fibrosus Repair using Genetically
Engineered Silk and Genipin-Enhanced Fibringel
Daniela A. Frauchiger1, Lorin M Benneker2, Eva Roth1, Benjamin
Gantenbein1
1Institute for Surgical Technology and Biomechanics, University of
Bern, Bern, Switzerland
2Department of Orthopedic Surgery and Traumatology, University
Hospital, Bern, Switzerland

Introduction: Almost 80% of the population suffers
from low back pain at least once in their life causing a high
socio economic burden. Often these pains originate from a
trauma resulting in disc herniation and /or disc degeneration.
Despite this high prevalence and associated costs, a satisfying
treatment method is not yet on the market. Here we aimed to
develop a newmethod to seal and repair annulusfibrosus (AF)
injuries by using genetically engineered silk carrying GDF-6 a
growth factor known to lead stem cells toward an interverte-
bral disc (IVD)-like phenotype and a genipin-enhanced fibrin
hydrogel.1

Materials and Methods: Bovine IVDs of 14–17 month
old animals were harvested under aseptic conditions.2 After
inducing an injury by a circular 2mm biopsy punch (Polymed,
Switzerland) the defect was filled up with a commercial
human based fibrin hydrogel (Baxter Tisseel, Switzerland)
enhanced with 4.2mg/ml of the cross linker genipin (Wako
Chemicals GmbH, Germany). For closure and acceleration of
repair a silk membrane-fleece composite (Spintec Engineer-
ing GmbH, Germany) was put on the defect and hold in place
by the hydrogel. After 15 minutes allowing for cross linking in
vitro organ culture of bIVDs started for 14 days under three
different loading schemes 1) dynamic load 0.2MPa load and
�2° torsion at 0.2Hz for 8h/day 2) static diurnal load of 0.2MPa
or 3) free swelling. For dynamic loading a custom built two-
degree of freedom bioreactor was used.3 At the end of culture
discs were checked for seal failure by the eye, disc height,

metabolic activity (alamar blue), cell death by necrosis (LDH
assay) and apoptosis (Caspase 3/7), DNA, GAG and collagen
content (via hydroxyl proline ¼ HYP) and RT-qPCR was
performed.

Results: Throughout the 14 days of culture the silk
composite maintained its position under all three loading
schemes. Although repaired discs performed slightly lower in
alamar blue, DNA and GAG content were in the range of the
control. Also LDH resulted in similar values compared with
control discs. Height loss in repaired discs was in the same
range of static diurnal loaded control samples. Dynamically
loaded discs decrease to the level of injured, unrepaired discs.
In general discs suspended to dynamic loading showed slight-
ly higher expression of inflammation marker genes measured
relative to control discs when compared with free swelling
samples.

Conclusion: Silk-genipin-fibrin reinforced hydrogel is a
promising approach to close AF defects as instant loading was
possible and composite remained on its position. Further
experiments focus on cytocompatibility of genipin-enhanced
fibrin hydrogel and organ culture of silk containing covalently
linked growth factors.

Acknowledgments: This project is funded by the Gebert
Rüf Stiftung project # GRS-028/13.
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WO002. Polyethylene Glycol and Poly (Trimethylene
Carbonate) Block Copolymers for Annulus Fibrosus Repair
have High Cytocompatibility, Restore Axial Range ofMotion
and have Some Herniation Risk
Rose Long1, Stijn Rotman2, Warren Hom3, Dylan Assael3, Svenja
Illien-Junger3, Dirk Grijpma2, James Iatridis3
1Department of Orthopaedics, The Mount Sinai Hospital, New York,
New York, United States
2University of Twente, Enschede, The Netherlands
3The Mount Sinai Hospital, New York, New York, United States

Introduction: There is a clinical need for annulus
fibrosus (AF) repair to reduce re-herniation risk, restore
intervertebral disc (IVD) biomechanics and promote regener-
ation of the IVD following herniation and discectomy surgery.
Functionalized polyethylene glycol with poly(trimethylene
carbonate) block copolymers (PEG-TMC3) can strongly adhere
to native AF tissue. This multi-scale study evaluated PEG-
TMC3 for adhesion, cytocompatiblity, biomechanics restora-
tion and herniation risk using cell and organ culture experi-
ments and 2 ex vivo biomechanics studies to assess (1)
cytocompatibility, (2) biomechanics, (3) organ culture, and
(4) failure strength.We hypothesized PEG-TMC3 allows great-
er AF cell proliferation rates than Dermabond (i.e.,
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cyanoacrylate); restores IVD biomechanics to intact levels;
does not herniate under rigorous IVD organ culture loading;
and that IVDs repairedwith PEG-TMC3 fails at levels similar to
intact conditions.

Material and Methods: (1) For cytocompatibility tests,
bovine AF cells from three donors were seeded in triplicate in
48well plates; thewells were either coatedwith PEG-TMC3 or
Dermabond, or left uncoated (No Adhesive). Cells were cul-
tured for 1, 3 or 7 days at 37°C, 5% CO2 and ambient oxygen.
Cells were then lysed and the DNA content was quantified by
PicoGreen. (2) For biomechanical tests, vertebra-IVD-vertebra
segments were tested under axial (0.25MPa to -0.50MPa) and
torsional loading (�4°) in a repeated measures study design
with Injured Control and PEG-TMC3 Repair groups (n ¼ 6). (3)
For organ culture validation tests, bovine IVDs with endplates
were randomly distributed among 3 groups: Intact, Injured
and PEG-TMC3 repair (n ¼ 3). IVDs were then cultured for 4
days with 2 daily bouts of rigorous loading and a diurnal cycle
(total 10,800 cycles) [4]. (4) For failure strength tests, verte-
brae-IVD-vertebrae segments of Intact, Injured and PEG-
TMC3 groups (n ¼ 9) were subjected to increasing axial force
under a fixed 5° bend until failure or nucleus pulposus
extrusionwas observed. Force and subsidenceweremeasured
through the test and extrusion was monitored by video.
ANOVA with Tukey’s post-hoc assessed differences between
groups and time points for DNA concentration, failure
strength and subsidence. Repeated measures ANOVA with
Tukey’s post-hoc assessed torque range and axial range of
motion. p < 0.05 was significant.

Results: (1) DNA concentration significantly increased
from Day 1 to 7 for PEG-TMC3 and No Adhesive groups, while
no changes in DNA content was observed for Dermabond
treated cells which tended to decrease. Further, DNA concen-
tration was higher for PEG-TMC3 and No Adhesive compared
with Dermabond at each time point. (2) Biomechanically,
injury increased axial range of motion and torque range.
PEG-TMC3 repair restored axial range of motion to intact
levels and increased torque range from injured levels but not
to intact levels. (3) In organ culture, 2 of 3 PEG-TMC3 repairs
herniated after 4 days of culture. (4) In failure testing, PEG-
TMC3 did not significantly increase herniation stresses com-
pared injured.

Conclusion: PEG-TMC3 showed high cytocompatibil-
ity, restored axial range of motion to intact conditions and
increased torque range from injury conditions, suggesting it is
a good candidate for AF repair. However, the high herniation
risks under cyclic organ culture and failure testing conditions
indicated further optimization is necessary to prevent herni-
ation after many cycles of loading.

WO003. Annular Repair Using High-density Collagen Gel
with Riboflavin Crosslinkage: Preliminary Data from an in
vivo Ovine Model
Brenton Pennicooke1, Roger Hartl1, Yu Moriguchi1, Lawrence
Bonassar2, Brandon Borde2
1Department of Neurosurgery, NewYork-Presbyterian Hospital/Weill
Cornell, New York, New York, United States
2Meinig School of Biomedical Engineering, Cornell University, Ithaca,
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Introduction: Discectomy of herniated intervertebral
discs (IVDs) successfully alleviates neurological symptoms but
fails to repair the iatrogenic annulotomy. This persistent
annular defect post-discectomy is associated with increased
risk of reherniation, progressive IVD degeneration, and chron-
ic low back pain. Previously we demonstrated the ability of
high-density collagen (HDC) gels to facilitate annular repair in
a rodent model.1,3 This study aims to use HDC gel in an ovine

model which has previously been used as a surrogate for the
human spine.2 The goal of this study is create an effective
ovine model for a herniated nucleus pulposus through a
generated annular defect and to show that our HDC helps
induce annular repair reduces the degenerative changes.

Methods: Sheep have had intervertebral discs violated
to create an annular defect and induce a herniated nucleus
pulposus. These sheep were laid in a lateral position with
their right-side up. A longitudinal incision was made from
their most caudal rib to their iliac crest 1-cm ventral to their
transverse processes. Using a lateral approach, the soft tissue
and muscle were dissected of their transverse processes to
expose their vertebral bodies. The annular fibrosis (AF) defect
was created with a 3.2 mm drill inserted to a 9–11 mm depth
and then an 18-gauge needle was inserted to a maximum
depth of 9–10 mm to injure the nucleus pulposus (NP) and
induce a herniation through the annular defect. The violated
IVDs were then randomized to either treatment with ribofla-
vin-crosslinked HDC gel or no treatment. Thus far 4 IVDswere
randomized to the control group and 4 IVDs to the treatment
group. An in vivo MRI and post-mortemMRI were performed
6weeks after the surgery to assess the degree of herniation of
the nucleus pulposus. A post-mortem X-Ray was also ob-
tained 6 weeks after the surgery to assess for any changes in
disc height, which is a surrogate for degenerative disc
changes.

Results: Of the 8 intervertebral disc which we induced
an annular defect, we were able to induce nucleus pulposus
herniation through the annulotomy in all levels as in the
example in Fig. 1. Our preliminary data so far shows no
difference in the disc height index of the intervertebral discs
that receivedHDC versus those that received no treatment at 6
weeks after the surgery. The average disc height index of the
treated intervertebral discs was 0.78� 0.005, 0.77� 0.004 for
the untreated, puncture-only intervertebral discs, and 0.82 �
0.006 for the healthy discs.

Conclusion: Lumbar discectomy to treat disc hernia-
tion is one of the most commonly performed spinal proce-
dures,1 with an estimated 300,000 cases per year in the
United States.2 A ~5% to 15% of discectomy cases result in a
reherniation of their nucleus pulposus3 through the annu-
lotomy and is associated with compromised patients out-
comes and increased health care costs.4 Our preliminary
data show that we are able to effectively use an ovine model
to simulate a herniated nucleus pulposus via a lateral
approach to the lumbar vertebral. Experiments are ongoing
to analyze the disc levels using T2 mapping on MRI to assess
changes in the NP hydration and overall area as our group
has done previously in the rat-tail model.5 If HDC is found to
be efficacious in inducing annular repair in a large mammal
model, the next stepwould be to progress to clinical trials in
humans.

Fig. 1 L4/5 Disc level on sheep A showing annulus fibrosis
(blue arrow), nucleus pulposus (star), and the annular defect
with herniating nucleus pulposus (red arrow).
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Introduction: Painful intervertebral disc (IVD) degen-
eration is mediated by inflammation, increase catabolic pro-
cesses and neurotrophin production that sensitize
innervation in the disc and leading to back pain. High molec-
ular weight hyaluronic acid (HA) hydrogels demonstrate
potential as bioactive materials for disc regeneration as they
exhibit an anti-inflammatory effect,1 reduce pain,2 andmimic
the native environment of the disc.3 It is hypothesized that
cellular HA/collagen hydrogels modulate extracellular matrix
activity and neurotrophin expression in a 3D in vitro inflam-
mation model and that acellular HA hydrogel inhibits in vivo
hyper-innervation associated pain in an rat-tail injury model.

Material and Methods: The density of 4 � 106 /ml
inflamed nucleus pulposus (NP) was encapsulated in HA/
collagen type II hydrogels during the synthesis. Hydrogels
were incubated in media with/without IL-1β (10 ng/ml) until
3 day culture. Expression of NGF and BDNF, and the matrix
component of aggrecan and collagen inNP cellswere analyzed
by qRT-PCR. All animal protocols were pre-approved by
institutional Animal Care Research Ethics Committee (ACREC).
Eight (8) Sprague Dawley rats were used in this study. The
experimental group of sham (control), injury (untreated) and
injurywith acellular HA hydrogel implanted (treatment) were
performed on disc Co4-Co5, Co5-Co6 and Co6-Co7. The
coccygeal disc’s of rat-tail were identified under an X-ray
image intensifier and excising out 1mm3 size of AF tissue then
induced injury. The rats were kept in recovery and assessing
for nocifensive behaviors in response to thermal, cold and
mechanical hyperalgesia/allodynia until 10 weeks post-oper-

ative. The rats were then sacrificed to harvest the discs and
spinal cord so as to determine expression of GAP43, CGRP and
c-fos for assessing sensory innervation and pain neuropeptide
markers in the disc and dorsal horn of spinal cord respectively.

Results: The collagen and aggrecan were up-regulated
in the acute event of inflammation and down regulated as
inflammation progressed in NP cells. Up-regulation of NGF
and BDNFwas evident in NP cells. Acellular HA hydrogel in the
in vivo injurymodel revealed a significant decrease of sensory
innervation in NP and AF tissue.

Conclusion: The cellular 3D hydrogel platform mimics
the native extracellular matrix of NP. The therapeutic effect of
HA hydrogel was shown with down-regulation of neuro-
trophins and suppression of hyper-innervation in the inflam-
mation and injury model respectively.
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Introduction: Despite alleviating associated neurolog-
ical symptoms, discectomy of herniated intervertebral discs
(IVDs) fails to repair the underlying degenerative process.
Persistent annular defect post discectomy is associated with
increased risk of reherniation, progressive IVD degeneration,
and chronic low back pain.1–7 Although many studies have
previously employed cell transplantation to regenerate the
nucleus pulposus (NP), few have focused on annulus fibrosus
(AF) repair. Recently, we demonstrated the ability of riboflavin
crosslinked high-density collagen gels (HDC) to facilitate
annular repair in vivo.8,9 In this study, we assessed the in
vivo efficacyof AFfibrochondrocytes seeded in a gel scaffold at
enhancing the the repair of an annular defect to prevent
further degenerative changes in a post-puncture rat-tail
model.

Material and Methods: 38 athymic rats, punctured
with an 18-gauge needle in the tail disc, were divided into 3
groups: untreated (n ¼ 6), injected with crosslinked HDC
(n ¼ 16), and injected with fibrochondrocyte-laden cross-
linked HDC (n ¼ 16). At 1, 2, and 5 weeks postoperatively, a

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S7



series of in vivo imageswithX-ray and 7TMRIwere conducted
to determine the disc height index and nucleus pulposus (NP)
size and hydration, respectively.8,10,11 Histological assess-
ments were performed to evaluate the viability of implanted
cells, degree of annular repair and secondary disc degenera-
tion. The study was approved by and undertaken in accor-
dance with guidelines outlined by the Hospital for Special
Surgery Institutional Animal Care and Use Committee and
New York State. For the analyses of continuous outcomes in
disc height index, NP size, and NP hydration, we employed
linear regression models with a generalized estimating equa-
tion and robust standard errors to estimate differences in
mean changes from baseline controls (discectomy) across
displaced and stable implantation groups. P values < 0.05
were considered statistically significant.

Results: The untreated discs showed substantial NP
herniation at two weeks and NP absence with signs of
degeneration by five weeks, resulting in 40% loss of disc
height. Both HDC gel groups, cellular and acellular, had
significant retention of disc height and NP voxel count over
the course of five weeks. Average NP voxel counts of cellular
gels were higher than those of acellular gels at all time points
and statistical significance was achieved at 1 week. Only the
cellular group restored NP hydration relative to that of the
adjacent healthy control. Further histological assessments
indicate that while HDC gels influence the sealing of the
defect, the addition of cells generates abundant tissue growth
and extracellular matrices at the site of the annular defect,
accelerating the reparative process. Disruption of endplate
was observed in the puncture group, but not in the treated
segments.

Conclusion: In vivo studies on the cell-based annular
repair are few in number. Our preliminary findings suggest
that fibrochondrocytes can potentially improve HDC gel-
based annular repair. A long term studywith sufficient sample
size are necessary to confirm these results.
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Introduction: Nucleus pulposus (NP) replacement of-
fers a novel therapy for degenerative disc disease (DDD).
Previously a novel polyurethane scaffold (PUS) and a fibrino-
gen-hyaluronic acid (FBG-HA) conjugate based hydrogel were
developed.1,2 The aim of this ex vivo study (EVS) was to
evaluate the regenerative potential of the PUS and the FBG-
HA hydrogel with/without transglutaminase (TG) crosslinked
bone morphogenetic protein (BMP)-2/7 heterodimer in an
organ culture system (OCS). Additionally an in vitro study (IVS)
was conducted to evaluate the anabolic stimulus and biocom-
patibility of FBG-HA conjugate cell constructs containing
different concentrations of covalently bound BMP-2/7.

Material and Methods: IVS: Bovine NP cells were
seeded into FBG-HA conjugate hydrogel beads at 1.2x105 cells
per bead (4x106 cells/ml). Each bead was prepared by sus-
pending 1.2x105 NP cells in 20µl of FBG-HA conjugate. Finally
10µl of thrombin (5.2 U/ml) containing 0, 1000, or 5000 ng/ml
TG-BMP-2/7 were added (n ¼ 6/group). Beads were cultured
for 7 or 14 days. Conditioned medium was collected for
biochemical analysis. Gene expression was analyzed and
DNA- and GAG content of the samples was measured. For
the EVS, discoid/ravioli shape PUS were manufactured as
previously described [1, 2]. Bovine IVDs with endplates
were nucleotomized and refilled with either (1) PUS, (2)
PUS surrounded by 50–80 µl FBG-HA or (3) PUS surrounded
by 50–80µl FBG-HA containing 5000 ng/ml TG-BMP-2/7
(n ¼ 8/group). Empty discs served as controls. Biomaterials
were evaluated in anOCS under dynamic load for 14 days at 0–
0.1 MPa, 0.1 Hz for 3 hour/day. Disc height was recorded after
load and recovery at day 1, 7 and 14. Disc tissuewas harvested
after 14 days and gene expression was analyzed. GAG and
Collagen-content of the disc tissue was assessed and Proteo-
glycan synthesis was analyzed by Sulfur-35 (35S) incorpo-
rationmeasurement. Histology was performed using Safranin
O/Fast Green staining. One-wayANOVAwas used todetermine
statistical significance.

Results: IVS: A trend of higher Aggrecan expression in
hydrogels with 5000 ng/mL of TG-BMP-2/7 was observed on
day 7 comparedwith hydrogels without (p ¼ 0.065) and with
1000 ng/mL (p ¼ 0.067) of TG-BMP-2/7. On day 14, there was
a trend of higher Collagen 2 expression in hydrogels with
5000ng/mL of TG-BMP-2/7 comparedwith hydrogels without
(p ¼ 0.085) and 1000 ng/mL (p ¼ 0.053) of TG-BMP-2/7. GAG/
DNA ratio was significantly higher in NP cell-seeded FBG-HA
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hydrogels containing 1000ng/ml and 5000ng/ml TG-BMP-2/7
compared with control after 7 days. EVS: All 3 implant groups
maintained their disc height after dynamic load, while it
dropped by 7% in empty controls (p < 0.001 versus implant
groups). When FBG-HA hydrogel containing TG-BMP-2/7 was
implanted, the gene expression of Aggrecan in NP tissue
increased 4.5-fold (p ¼ 0.083). GAG/DNA ratio increased by
46% in the remainingNP tissuewhenTG-BMP-2/7was applied
(p ¼ 0.113).

Conclusion: The PUS is able to restore the disc height of
nucleotomized discs; addition of FBG-HA hydrogel does not
affect the swelling capacity of the PUS in situ. Due to their
stimulation of anabolic gene expression and production of NP
ECM components the FBG-HA hydrogel and TG-BMP2/7 may
support biological repair of NP tissue.
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Introduction: Resolution of intervertebral disc (IVD)
degeneration-associated inflammation is a pre-requisite for
tissue regeneration. Here, a pro-inflammatory disc organ
culture model from bovine origin was established,1 and a
therapy based on the intra-discal delivery of an anti-inflam-
matory drug (diclofenac).

Material and Methods: Bovine caudal IVD punches
were needle-punctured and additionally stimulated with
lipopolysaccharide (10 µg/mL) or interleukin-1β (IL-1β, 10–
100 ng/mL) for 48 hours. An intradiscal therapeutic approach
was tested based on a non-steroidal anti-inflammatory drug,
diclofenac (Df), alone or incorporated into nanoparticles,
previously developed.2

Results: IL-1β-treated IVD organ cultures showed a
statistically significant up-regulation of pro-inflammatory
markers (IL-6, IL-8, PGE2) and metalloproteases (MMP1,
MMP3) expressionwhile ECMproteins (Collagen II, Aggrecan)
were significantly down-regulated. The injection of the anti-
inflammatory drug was able to reduce the levels of pro-
inflammatory cytokines andMMPs and surprisingly increased
ECM protein levels.

Conclusion: These results point the intradiscal appli-
cation of anti-inflammatory drugs as promising therapeutics
for disc degeneration. Moreover, the organ culture model
established could be used to address cellular/molecularmech-
anisms that regulate inflammation and IVD degeneration, and
moreover to test novel therapeutic drugs, thus reducing the
number of animals in in vivo experimentation.
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Introduction: The notochord plays a crucial role in the
formation and patterning of axial skeleton. Notochordal cells
(NCCs) have drawn increasing attentions from developmental
biology, stem cells research and tissue engineering in these
years as they are important in development and maintenance
of NP. However, it is difficult to maintain their survival and
phenotype in 2D culture for long term, making it difficult to
understand their fate and functional maintenance during
intervertebral disc development. This project is to develop a
better culture system that is able to maintain the survival and
phenotypes of NCCs.

Materials and Methods: Foxa2mNE–Cre/Z/EG heterozy-
gous embryos were developed and NCCs could be identified
EGFP signal. NCC isolated with or without FACS-sorting,
notochord segments at the anterior, trunk and posterior
regions, and whole notochord pulled out from embryo were
microencapsulated respectively in type I collagen micro-
spheres and cultured for up to 1 month before characteriza-
tion for survival and phenotype maintenance.

Results: EGFP signal of sorted cells could bemaintained
after 4weeks. The EGFP positive cells in collagenmicrospheres
showed colocalization with foxa2 and brachyury, which were
considered as markers of NCCs, indicated that they were still
NCCs. However, areas with thesemergedwere very rare. EGFP
signal of unsorted cells could be maintained and clusters of
EGFP positive cells were showed during 4-weeks culture.
When the notochord segments were cultured in collagen
microspheres, clusters of round EGFP positive cells co-ex-
pressing with major NCC markers were found after 1 month,
suggesting that NCC phenotype was maintained. Moreover,
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the number of EGFP positive cells was increased during
culture. In the other hand, when the notochord was cultured
in collagen microsphere, it started pinching and the pinching
region seemed growing at day 28.

Conclusion: Type I collagen microspheres present a
potential culture system for increasing cell number with EGFP
positive signal for at least 4 weeks. NCCs entrapped in type I
collagenmicrospheres couldmaintained the NCCs phenotype.
Comparing with FACS-sorted NCCs, there was increasing
number of NCCs in unsorted group, segment culture and
whole notochord culture, suggesting that the presence of
niche cells, extracellular matrix, and native configuration of
notochord may be important to support NCCs growth and
phenotype maintenance.
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Introduction: The cause of degenerative disc disease is
multi-factorial and is often associated with mechanical load-
ing. However,mechanismof the cells’ response to compressive
loading is not fully known. It was demonstrated that in
mechanical force can induce chondrocytes to upregulate
expression of heat shock proteins (HSPs) as a form of cellular
stress response.1 Similarly, stretching annulus fibrosus cells
was found to upregulate endoplasmic reticulum stress
markers.2 However, it is unclear that whether cells in the
intervertebral disc (IVD) would experience compressive force
as cellular stress in 3D environment. The objective of this
study is to investigate the stress response of nucleus pulposus
cells (NPCs) during compression in 3D culture environment.

Materials and Methods: To simulate the condition in
the IVD, NPCs were isolated from bovine caudal disc and
encapsulated in 3D collagen gel as described previously.3 The
culture system was shown to be able to maintain NPCs’
phenotype.4 The cell-encapsulated gels were cultured for 4
days and then compressed with different types of loading
(static and dynamic loading), different strains (10% - 70%) and
different durations (2h - 8h). Samples were retrieved to study
the expressions of stress response genes in two groups: Heat
Shock Response (HSP70, HSP27, HSP90 and HSF1) and Un-
folded Protein Response (GRP78, GRP94, ATF4 and CHOP).

Results: Encapsulation in 3D collagen gel was found to
upregulate HSP70 in NPCs. Compression further induced
stress response of NPCs which depended on multiple factors.
The upregulation of stress response genes was generally
insignificant with increasing loading strain in short duration.
However the upregulations increased with longer duration
where increasing loading duration has a larger effect in the
upregulation of HSP70 and HSP27. When high static strain
was applied, the expressions of Heat Shock Response genes
were continued to be upregulatedwith time after the loadwas
removed while Unfolded Protein Response genes were down-
regulatedwith incubation duration. The changes in expression
with incubation duration show that cellular stress response
may play a role in NPC survival and protein homeostasis post-
loading.

Conclusion: The NPCs demonstrated cellular stress
response during compression in collagen gel. The expression
of stress response genes were mainly affected by loading
duration and incubation duration after loading. This study

helps us to understand how the NPCs cope with mechanical
stress.

Acknowledgments: This project was funded by TBRS
(T12–708/12-N).
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Introduction: During human intervertebral disc (IVD)
degeneration, the main cell type shifts from notochordal cells
(NCs) to nucleus pulposus cells (NPCs). NCs secrete factors
with regenerative potential, making them an interesting focus
for regenerative strategies. Research into these strategies
employs non-human donors due to easy availability of their
NC-rich nucleus pulposus (NP) tissue. To determine the feasi-
bility of translating these strategies toward clinical applica-
tion, this study aimed to delineate whether NC-secreted
factors of different species have a cross-species regenerative
effect on degenerated human NPCs.

Material and Methods: Healthy human, porcine and
canine NC-rich NP tissues (derived from Thompson grade I
IVDs) were compared by histology, collagen, DNA and glycos-
aminoglycan (GAG) content per mg wet tissue weight. NP
tissue of each species was cultured for 4 days and NC-condi-
tioned medium (NCCM) was collected. Human NPC micro-
aggregates from degenerated IVDs (Thompson grade III) were
cultured for 28 days in human, canine or porcine NCCM. GAG
content (corrected for DNA) was determined, and Safranin O/
Fast Green staining, collagen type I, II and X IHC and gene
expression profiling were performed.

Results: Canine and porcine NPs were richer in NCs
than human NPs. Human NPs contained the highest collagen
content, whereas the DNA and GAG content of canine NPs was
significantly higher than human or porcine NPs. NCCM from
all species significantly increased the DNA and GAG content of
the human NPC micro-aggregates. Porcine and canine NCCM
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were significantlymore potent than humanNCCM in inducing
GAG deposition, whereas only humanNCCM induced collagen
type II production.

Conclusion: Secreted factors from human, canine and
porcine NC-rich NPs exerted regenerative effects on human
NPCs, indicating a cross-species effect. The species-specific NP
properties appear to influence the regenerative capacity of
NCCM on human NPCs. Bioactive compound(s) with treat-
ment potential for human IVD degeneration are present in
NCCM of different species, implying that strategies based on
NC-technology employing canine or porcine models have
potential for successful translation into humans.

Acknowledgments: This work was supported by an
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Introduction: Studies designed to use large canine
models and translate the results to human practice must
take into account the ex vivo and in vitro differences in the
bonemarrowderived stem cells(MSCs) and their response to a
covalently bound growth factor.

Methods: We analyze the activity of transforming
growth factor-β1 (TGF-β1) covalently immobilized on micro-
carriers either by 1-ethyl-3-(3-dimethylaminopropyl) carbo-
diimide/N-hydroxysuccinimide (EDC/NHS) or riboflavin/UV
(RB/UV) light-mediated cross-linking. Collagen microcarriers
cross-linked with TGF-β1 were used for chondrogenic differ-
entiation of human or canine mesenchymal stem cells. Evalu-
ation methods included cell viability test, chondrogenic
marker expression (aggrecan and collagen type I and type
II), histological detection of proteoglycans, and immunohisto-
chemical analysis.

Results: Cross-linking strengthened the collagen struc-
ture of the microcarriers and reduced collagenase-mediated
degradation. Chondrogenic differentiation of MSCs was in-
duced by TGF-β1 cross-linked on microcarriers, promoting
gene expression and protein accumulation of aggrecan and
collagen type I and type II, as well as proteoglycans. Cross-
linking by RB/UV enhanced chondrogenesis more than any
other group. In addition, cross-linking reduced scaffold
shrinkage exerted byMSCs during chondrogenesis, a desirable
feature for microcarriers if used as tissue defect filler.

Conclusion: Cross-linking of TGF-β1 to collagenmicro-
carriers supported chondrogenesis. Current veterinary clini-
cal trial will show if such approach will lead a step closer to
development of a cost-effective and locally acting device for
cell-based therapy.

WO007. Anti-Inflammatory Agents Prevent Intervertebral
Disc Cell Mechanobiological Alterations
Timothy Jacobsen1, Nadeen Chahine1
1Feinstein Institute for Medical Research, Manhasset, New York,
United States

Introduction: Intervertebral disc (IVD) degeneration
(DD) is characterized by increased catabolic activity, ECM
breakdown, and elevated levels of pro-inflammatory cyto-
kines, particularly TNF-α and IL-1β. DD also alters hydrostatic
pressure and biomechanical loading in the nucleus pulposus
(NP), potentially leading to an altered biomechanical micro-
environment around the NP cells. In a previous study we have
shown that stimulation of isolated NP cells with the inflam-
matory cytokine TNFα, or activation of innate immune signal-
ing via toll-like-receptor-4 (TLR4) with the ligand LPS, causes
significant increases in both cell volume and hydraulic per-
meability of the cell. The goal of the current study is to
examine the effects of anti-inflammatory drugs on mitigation
of inflammatory induced biophysical changes of NP cells.

Material and Methods: NP tissue was isolated from
bovine lumbar discs. Inflammatory stimulation was per-
formed with either TNFα (10ng/ml) or LPS (0.1 µg/ml) for
24 hours. To inhibit the effects of TNFα, cells were pre-treated
with dexamethasone (DEX, 1 µg/mL) for 90 minutes prior to
inflammatory stimulation. For TLR4 inhibition groups, cells
were pre-treatedwith TAK-242 (1µM), an intracellular inhibi-
tor of TLR4, for 1 hour prior to addition of LPS. Supernatants
were collected and nitrite (NO) concentration was measured.
Cell osmotic properties were also measured using a custom Y-
shaped microfluidic channel. Cells were equilibrated in a 333
mOsm/L NaCl solution after which a single hyper-osmotic
loading followed by a hypo-osmotic loading step was applied
with NaCl solutions at 466mOsm/L followed by 333 mOsm/L.
During osmotic loading, cells were imaged using DIC and
volume response was computed over time for each cell.
Volume response was curve fitted to a mixture theory frame-
work to determine biophysical properties for each cell includ-
ing membrane hydraulic permeability (Lp), and reference
intracellular water content (Φir). Data was analyzed with
ANOVA and Fisher LSD post-hoc test (p < 0.05 considered
significant).

Results:DEX and TAK-242 significantly inhibited TNFα
and LPS induced nitrite release, respectively. Both TNFα and
LPS stimulation significantly increased cell size at 24 hours
post treatment. Hydraulic permeability (Lp) of cells signifi-
cantly increased for both osmotic steps. Treatment of cells
with anti-inflammatory drugs significantly reduced Lp back to
baseline levels in both TNFα and LPS groups. No significant
changes inΦir were observed due to inflammatory simulation.

Conclusion: The goal of this study was to investigate
the effects of anti-inflammatory drugs on the biophysical
properties of isolated NP cells. DEX, an anti-inflammatory
glucocorticoid, and TAK-242, a small molecule TLR4 inhibitor,
were both found to decrease TNFα and LPS inducedNO release
respectively. TNFα and LPS each increased Lp in NP cells,
consistent with our previous findings. Interestingly, treat-
ment of cells with anti-inflammatory drugs inhibited TNFα
and LPS induced changes in Lp, where Lp was found to be
comparable to baseline control levels. These findings indicate
that anti-inflammatory drugs may prevent alterations in cell
biomechanical properties and protect the mechanobiological
function of NP cells from inflammatory changes. Our findings
identify potential targets and therapeutic biologics agents for
further consideration in the treatment of disc degeneration.
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Insulin-Like Growth Factor-1 on Anti-Apoptosis and
Extracellular Matrix Synthesis of Rat Intervertebral Disc
Cells
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Introduction: Decreased cellularity due to excessive
apoptosis of disc cells is a major predisposing factor for disc
degeneration. Therefore, the inhibition of apoptosis of disc
cells might be a possible therapeutic approach for modulating
the process of disc degeneration. The purpose of the current
study was to investigate the effect of nerve growth factor
(NGF) and insulin-like growth factor-1 (IGF-1) in preventing
apoptosis and increasing extracellular matrix synthesis in rat
intervertebral disc cells.

Material and Methods: Expression of tropomyosin-
related kinase A (TrkA) receptor for NGF and IGF-1 receptor
(IGF-1R) for IGF-1 was examined in rat annulus fibrosus cells.
In addition, rat annulus fibrosus cells were isolated, cultured,
and placed in either 10% (normal control) or 0% (apoptosis-
promoting condition) fetal bovine serum (FBS). We identified
and quantified the degree of expression of TrkA and IGF-1R
and apoptosis of the cells. Finally, we analyzed the effect of
NGF (100 ng/ml) and IGF-1 (500 ng/ml) in preventing apopto-
sis and increasing synthesis of extracellular matrix proteins,
such as aggrecan, collagen-1 and -2, in the cells, in 0% FBS.

Results: In situ expression of TrkA and IGF-1R was
identified in rat annulus fibrosus cells. In addition, the degree
of expression of TrkA and IGF-1R was decreased in the cells
treated with 0% FBS but some degree of expression was still
maintained. Apoptosis of the cells was increased in 0% FBS
comparedwith 10% FBS (p < 0.001). Despite extreme survival
condition (0% FBS), each application of NGF (100 ng/ml) and
IGF-1 (500 ng/ml) reduced apoptosis of the cells by 2% and 5%,
respectively, which led to subsequently increased synthesis of
aggrecan, collagen-1 and -2 (all, p < 0.05). The combined
application of NGF (100 ng/ml) and IGF-1 (500 ng/ml) more
significantly decreased apoptosis of the cells by 9% and
increased synthesis of aggrecan, collagen-1 and -2 in the cells
(all, p < 0.01).

Conclusion: The current findings demonstrate that
apoptosis of intervertebral disc cells can be attenuated by
NGF and IGF-1, which lead to increased extracellular matrix
synthesis. Combined application of NGF and IGF-1 has a
synergistic effect than single use of NGF and IGF-1. Our result
suggests that NGF and IGF-1 may play a therapeutic role in
slowing disc degeneration, which is due to inappropriate or
excessive apoptosis of intervertebral disc cells.

WST006. The Effect of Bone Morphogenetic Protein-2 on
Chondrocyte-like Cells Derived from Degenerated Human
and Canine Intervertebral Discs
Frances Bach1, Alberto Miranda Bedate1, Ferdi van Heel1,
Margot Müller1, Laura Creemers2, Keita Ito3, Karin Benz4, Björn
Meij1, Marianna Tryfonidou1
1Faculty of Veterinary Medicine, Utrecht University, Utrecht, The
Netherlands
2Department of Orthopaedics, University Medical Centre Utrecht,
Utrecht, The Netherlands
3Orthopaedic Biomechanics, Department of Biomedical Engineering,
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4NMI Natural and Medical Sciences Institute at the University of
Tuebingen, Reutlingen, Germany

Introduction: Both humans and dogs experience low
back pain, which is related to intervertebral disc (IVD) degen-

eration. Biologic repair of the degenerated IVD ismainly based
on growth factors that exert anabolic matrix effects, and
mesenchymal stromal cells (MSCs) to replenish the cell popu-
lation of the degenerated IVD. Thus far, the anabolic effects of
different growth factors have not been compared. The aim of
this study was to study the effect of the frequently used
growth factors transforming growth factor β 1 (TGF-β1) and
bonemorphogenetic protein-2 (BMP-2) on canine and human
chondrocyte-like cells (CLCs) from degenerated IVDs alone
and in combination with MSCs.

Material andMethods: CLCs from degenerated human,
canine chondrodystrophic (CD) and non-chondrodystrophic
(NCD) IVDs (Thompson score III) were cultured in micro-
aggregates in base culture medium (negative control), or
supplemented with TGF-β1 (10 ng/mL) or BMP-2 (100 or
250 ng/mL) for 28 days. The additive effect of MSCs was
studied in CD CLCs. Canine male CD CLCs were cultured in
an albumin-based hydrogel (3*106 cells/mL) with or without
the addition of female bone marrow-derived MSCs (BMSCs)
(CLC:BMSC 1:1) in control or 250 ng/mL BMP-2-supple-
mented culture medium for 28 days. Read out parameters
were extracellular matrix (ECM) production (RT-qPCR, gly-
cosaminoglycan (GAG) production, Safranin O/Fast Green
staining, immunohistochemistry), cell proliferation (DNA
content, RT-qPCR) and apoptosis (RT-qPCR).

Results: TGF-β1 treatment increasedGAGdeposition in
human and canine CLC micro-aggregates, but also induced
collagen type I deposition and afibrotic rim. The latter was not
observed in BMP-2-treated micro-aggregates. 250 ng/mL
BMP-2 was more potent than 100 ng/mL BMP-2 in increasing
GAG deposition and DNA content in canine and humanmicro-
aggregates. Similarly, in the hydrogel culture system, BMP-2
inducedGAGand collagen type II deposition and a higher DNA
content compared with untreated controls. DNA and GAG
content of BMSCþCLC hydrogels was higher than hydrogels
with CLCs alone in the absence of BMP-2. In the BMP-2-treated
hydrogels, DNA content of BMSCþCLCwas higher than hydro-
gels with CLCs alone; GAG deposition or release was compa-
rable between BMSCþCLC and CLC alone in the presence of
BMP-2.

Conclusion: In two different 3D culture systems, BMP-
2 exerted comparable regenerative effects as TGF-β1 on
human and canine CLCs in terms of GAG deposition and cell
proliferation, but BMP-2 did not induce fibrotic (re)differenti-
ation as observed with TGF-β1 treatment. Moreover, in the
BMP-2-treated BMSC:CLC-containing hydrogels, where only
half of the amount of CLCs were seeded compared with CLC
alone, the DNA content was higher and an equal amount of
GAGs was deposited, indicating that the BMSCs exerted an
additional, regenerative effect in addition to BMP-2 treat-
ment. PCR for SRY:GAPDH genes onDNAwill indicate the ratio
male(CLCs):female(BMSCs) present at the end of the study.
This will indicate whether the BMSCs exerted trophic effects
or chondrogenically differentiated.
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WST007. The Role of Diabetes Type I in Intervertebral Disc
Degeneration
Fabrizio Russo1, Gianluca Vadalà1, Kevin Ngo2, Yong Fan2,
Massimo Trucco2, Gwendolyn A Sowa2, James Kang2, Nam Vo2,
Vincenzo Denaro1
1University Campus Bio-Medico, Rome, Italy
2University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Introduction: Diabetes Mellitus (DM) affects 25.8 mil-
lion people of all ages. Previous studies suggest a link between
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DM and several connective tissue pathologies including those
of cartilage and bone, however the role of DM in intervertebral
disc degeneration (IDD) is unclear. The goal of this study was
to measure disc degenerative changes in a murine model of
human type I diabetes to establish the contributive role of DM
in IDD.

Material andMethods: Intervertebral discs (IVDs)were
obtained from spines of Wt (C57Bl/6) mice and B6 Akita
mouse model of type I DM. B6 Akita mice are hyperglycemic
due to the Ins2Akita insulin mutation, which causes the
insulin producing β cells to undergo apoptosis. Total disc
proteoglycan (PG) content was measured by DMMB assay
and safranin O/fast green histology. Glut1, a major glucose
transporter in discs, was measured by quantitative RT-PCR,
and cell death was assessed by TUNEL assay.

Results: DMMB assay and Safranin-O staining both
showed decreased disc GAG content in diabetic B6 Akita mice
compared with that in age-matched nondiabetic Wt controls.
Discs of B6 Akita mice also exhibited decreased level (~5 fold) of
Glut1 mRNA and increased level of TUNEL-positive cells.

Conclusion: IVDs of diabetic B6 Akita mice exhibit an
overall decrease in PG content and increased cell death. These
changes correlate with a decrease in Glut1 gene expression.
Experiments are being done to evaluate that increased cell
death in the IVDs of B6 Akita mice is a result of diminished
glucose uptake (decreased Glut1) in disc tissue. These diabetic
mice may represent a useful model to explore the mechanism
of how diabetes affects IDD through its impacts on glucose
metabolism in disc tissue.

WST008. Serum Levels of the Pro-Inflammatory cytokines IL-
6 and TNF-alpha Vary Based onDiagnoses in Individualswith
Low Back Pain
Kathryn Weber1, Ona Bloom1, Shaheda Quraishi1, M. Chris
Overby1, Mitchell Levine1, Nadeen Chahine1
1Feinstein Institute for Medical Research, Manhasset, New York,
United States

Introduction: Many intervertebral disc diseases cause
low back pain (LBP). Pro-inflammatory cytokines and matrix
metalloproteinases (MMPs) participate in disc pathology. This
studyexamines levels of serumcytokines andMMPs in human
subjects with diagnosis of disc herniation (DH), spinal stenosis
(SS) or degenerative disc disease (DDD) relative to levels in
control subjects. Comparison between subjects with DH
versus other diagnoses (Other Dx, grouped from SS and
DDD) was performed to elaborate a pathological mechanism
based on systemic cytokine levels.

Material and Methods: Study participants were re-
cruited from a spine neurosurgery practice (n ¼ 80), back
pain management practice (n ¼ 27), or a control cohort
(n ¼ 26). Serum samples were collected prior to treatment
and were assayed by multiplex assays for levels of IL-1β, IL-2,
IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, IFN-γ, TNF-α, MMP-1,
MMP-3 and MMP-9. Inflammatory and degradative mediator
levels were compared between diagnosis and treatment
groups. Multivariate regression for relationships with age,
BMI, pain duration and smoking history were also performed.

Results: Serum levels of IL-6 were significantly higher
in LBP participants compared with controls. Participants with
LBP due to Other Dx had significantly higher levels of IL-6 and
TNF-α compared with DH and controls. Positive correlations
were found between BMI and IL-6 levels, and TNF-α levels
were positively correlated with age and BMI.

Conclusion: The findings of the current clinical study
are thefirst to examine systemic cytokine levels in DDDand SS
and provide evidence for a more extensive role of IL-6 and
TNF-α in disc diseases and LBP, where patients with DDD or SS

have even higher serum cytokine levels compared with those
with DH or control subjects. These findings may assist in
refining personalized diagnosis using systemic biochemical
profiling of disc diseases.

WST009. Compression Loading Induced Cellular Stress
Response of Intervertebral Disc Cells in Organ Culture
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Barbara P Chan1
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Engineering, The University of Hong Kong, Hong Kong, Hong Kong
2Tissue AND Organ Mechanobiology Group, Institute of Surgical
Technology and Biomechanics, University of Bern, Bern, Switzerland

Introduction: Mechanical stress is often associated to
interverterbal disc (IVD) degeneration and the effect of me-
chanical loading on IVD has been studied and reviewed.1,2

Previously, expression of heat shock proteins, HSP70 and
HSP27 has been found in pathological discs.3 However, there
is no direct evidence on whether IVD cells respond to the
mechanical loading by expression of HSPs. The objective of
this study is to investigate the stress response of IVD cells
during compressive loading in an organ culture.

Materials andMethods: Fresh adult bovine caudal discs
were culturedwith compressive loading applied at physiolog-
ical range. Effect of loading type (static and dynamic) and
repeated loading (2 hours per day for 2 days) were studied.
Nucleus pulposus (NP) and annulus fibrosus (AF) of the IVD
were retrieved at different time points: right after loading and
right after resting. Positive control discs were heat shocked
(43°C). Cell activity was assessed and expression of stress
response genes (HSP70 and HSF1) and matrix remodeling
genes (ACAN, COL2, COL1, ADAMTS4, MMP3 and MMP13)
were studied.

Results: Cell activitywasmaintained in all groups. Both
NP and AF expressed high level of HSP70 in heat shock groups,
confirming their expression in response to stress. In NP,
expression of HSP70 was up-regulated after static loading
and dynamic loading with higher fold change was observed
after static loading. During repeated loading, HSP70 appeared
to be upregulated right after loading and decreased after
resting. Such trend was not observed in AF and HSF1 levels.
Expressions of matrix remodeling genes did not change
significantly with loading except ADAMTS4 decreased in AF
during static loading.

Conclusion: This study demonstrated that NP cells
upregulate expression of HSP70 in response to loading in-
duced stresswithout changing cell activity andmatrix remod-
eling significantly.

Acknowledgments: This project was funded by AO
Spine (AOSPN) (grant number: SRN_2011_14) and a fellow-
ship exchange award by AO Spine Scientific ResearchNetwork
(SRN).

References

1. Chan SC, Ferguson SJ, Gantenbein-Ritter B. The effects of
dynamic loading on the intervertebral disc. Eur Spine J
2011;20(11):1796–1812

2. Neidlinger-Wilke C, Galbusera F, Pratsinis H, et al.
Mechanical loading of the intervertebral disc: from the
macroscopic to the cellular level. Eur Spine J 2014;23
(Suppl 3):S333–S343

3. Sharp CA, Roberts S, Evans H, Brown SJ. Disc cell clusters
in pathological human intervertebral discs are associated
with increased stress protein immunostaining. Eur Spine
J 2009;18(11):1587–1594

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S13



WST010. Aberrant DNA Methylation Important Factor in
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Introduction: Intervertebral disc (IVD) degeneration is
one of the most important aging health problems and a
leading cause of disability. However, little is known about
pathophysiology of this condition. This study investigates the
role of epigenetic factor in intervertebral disc gene regulation.

Material andMethods: IVD tissues were obtained from
donors undergoing anterior lumbar discectomy procedures.
The collected tissues were minced and immediately used for
cell isolation by sequential enzyme digestion. The demethyla-
tion agent 5-azacytidine (5-AzaC) was used to inhibit DNA
methylation in IVD cells. The cells were then analyzed for
change in DNA methylation using Methyl-Profiler PCR array.
We used Methyl-Profiler PCR array containing developmental
and cell cycle regulatory genes. TheMethyl-Profiler PCR arrays
were performed as per manufacturer’s instructions. Briefly,
the cells were treatedwith andwithout 5-azaC for 4 days, and
genomic DNA were isolated. Then the equal amounts of
genomic DNA were overnight digested with methyl-specific
restriction digestion enzyme, nonspecific restriction enzyme,
a combination of methyl specific and non-specific, and a
control mock digestion. Following digestion, real time PCR
was performed using biorad-MyiQ cycler. The data was ana-
lyzed according to manufacturer’s instructions.

Results:Methyl-Profiler PCR array showed novel genes
hypo-methylated following 5-azacytidine treatment. We
found that around 6 genes’ promoters differentially methylat-
ed after experimental demethylation in IVD cells. The genes
differentially methylated are CCND2, CDH1, HIC1, MGMT,
PRDM2 and TP73. Real time PCR showed these genes were
differentially regulated relative to control.

Conclusion: There are reports that these differentially
methylated genes have a role in various age related degenera-
tive diseases. We speculate that these genes may also play an
important role in intervertebral disc degeneration. It would be
interesting to investigate the expression of these genes and
theirmethylationpattern in aging humandegenerative IVD. In
summary, our results suggest that demethylation of IVD cells
may be one of the factors involved in IVD degeneration.
Further studies are required to confirm our findings and to
better understand the effects of aberrant DNAmethylation on
IVD biology and disease pathophysiology.

Osteo: Molecular Agents and Cell Based
Therapy

WO009. Safety and Efficacy of i-FACTORTM Bone Graft in
Anterior Cervical Discectomy and Fusion: A Prospective,
Randomized, Controlled, Multi-Center, Investigational
Device Exemption Study
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Introduction: The objective of the study was to evalu-
ate i-FACTOR Putty and local autologous bone in a non-
inferiority model when applied in instrumented ACDF using
a structural allograft ring in subjects with cervical degenera-
tive disc disease. I-FACTOR Putty is a composite bone graft
material consisting of a synthetic peptide (P-15) adsorbed
onto anorganic bone mineral (ABM). The P-15 fragment is a
short chain peptide thatmimics a cell bindingdomain of Type I
collagen, that facilitates cell attraction, attachment and acti-
vation on the ABM scaffold.

Material and Methods: A prospective, randomized,
controlled, multi-center trial was designed to investigate
the safety and efficacy of i-FACTOR Putty against an autograft
control group. The pre-determined statistical plan was that
the i-FACTOR Putty was non-inferior to autologous bone.
Twelve-month evaluations were considered to be the primary
endpoint. Primary endpoints chosen for the purpose of this
study included radiographic evidence of fusion, neurological,
outcomes, functional outcomes, and assessment of complica-
tion rates. A blinded, independent third party was utilized to
assess safety, radiologic outcomes, and neurologic outcomes.

Adult patients with radiographic evidence of degener-
ative disc disease and with evidence of a history of arm/
shoulder pain, decreased reflexes, decreased strength, and/or
abnormal sensation were randomized for inclusion in this
trial.

Surgeons performed an anterior cervical discectomy.
The control arm received an allograft ring filled with autolo-
gous bone. The investigational arm received an allograft ring
filled with i-FACTOR Putty. Successful arthrodesis was based
upon radiographic examinations and neck disability index
(NDI) was scored as the absolute difference between the
baseline and the 12-month scores. Neurological status was
determined by comparing the preoperative status to mainte-
nance or improvement over the twelve-month period. Ad-
verse outcomes were also assessed. Overall success was
judged by success in all primary endpoints.

Results: A total of 313 patients participated in the
study (161 pts.-i-FACTOR Putty: 152 pts.-Autologous bone).
Preoperative patient demographics were statistically similar
in both populations. The study demonstrated the non-inferi-
ority of i-FACTOR Putty compared with autologous bone for
fusion status, change in NDI, and neurological success at 12
months. Fusion rates were 89% in the i-FACTOR Putty group
and 86% in the Autologous bone group (p ¼ 0.0004 for non-
inferiority test). NDI scores improved a mean of 29 points in
the i-FACTOR Putty group and 27 points in the Autologous
bone group (p < 0.0001 for non-inferiority test). The neuro-
logical success rates was 94% in the i-FACTOR Putty group and
93% in the Autologous group (p < 0.0001 for non-inferiority
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test). The proportion of subjects with any adverse event at 12
months was not different between both groups (p ¼ 0.8814).
The overall success rate was significantly higher in the i-
FACTOR Putty group than the Autologous bone group. The
proportion of subjects who achieved fusion success, NDI
success, neurological success, and safety success was 69% in
the i-FACTOR Putty group and 58% in the Autologous bone
group (p ¼ 0.0382).

Conclusion: In summary, the above data strongly sup-
port the safety and effectiveness of i-FACTOR Putty for its
anticipated intended use. The i-FACTOR Putty subjects dem-
onstrated a high rate of fusion, improvement in pain and
function, similar adverse event rates to the Control group, and
a low rate of subsequent surgeries or device-related adverse
events.

WO010. Mesenchymal Stem Cells Harvested from Vertebral
Body and Iliac Crest Bone Marrow: Are They Equally Good?
Comparison of Two Tissues and Two Harvesting Techniques
M. Evangelos Fragkakis1, Elena Jones2,3, Ippokratis Pountos1,
Peter Giannoudis1,3
1Academic Department of Trauma and Orthopaedics, School of
Medicine, University of Leeds, Leeds General Infirmary, Leeds, West
Yorkshire, United Kingdom
2Leeds Institute of Rheumatic and Musculoskeletal Medicine,
University of Leeds, Chapel Allerton Hospital, Leeds, West Yorkshire,
United Kingdom
3NIHR Leeds Musculoskeletal Biomedical Research Unit, Leeds
Teaching Hospital NHS Trust, Chapel Allerton Hospital, Leeds, West
Yorkshire, United Kingdom

Introduction/Objectives: Clinical applications of Mes-
enchymal Stem Cells (MSCs) harvested from bone marrow
(BM) arewell established. Iliac crest (IC) is considered to be the
gold standard. Vertebral body (VB) BM represents an alterna-
tive source, promoting bone fusion in spinal operations.
Existing literature, comparing ICBMandVBBMMSCs, presents
limitations. Density gradient centrifugation (lymphoprep,
Lmp) for BM processing is used, despite the known effective-
ness on ICBM, of the red cell lysis technique (ammonium
chloride, AC). This study compared the yield and differentia-
tion capacities of MSCs in VBBM and ICBM, and evaluated the
effectiveness of two harvesting procedures on both BM
sources.

Patient/Methods: Eighteen patients undergoing idio-
pathic scoliosis surgery were recruited (median age 15.4 years,
range 13–17). BMwas aspirated intraoperatively from IC (10ml)
and 12th thoracic vertebra (10ml). Aspirates were processed
usingACandLmp.MSCswere enumeratedusing standardCFU-F
assay. Colony areas, MSCs doubling rates and outcomes of the
differentiation assays were statistically analyzed.

Results: AC yielded more leukocytes from ICBM
(23x106cells/ml), compared with VBBM (14.4x106cells/ml,
p ¼ 0.013). Lmp yielded similar numbers of mononuclear
cells from ICBM (7.5x106cells/ml) and VBBM (5x106cells/ml).

More MSCs were harvested from 1ml of BM aspirate
using AC technique, from both anatomical sites (IC: Lmp
199MSCs/ml, AC 367MSCs/ml, p ¼ 0.012; VB: Lmp
296MSCs/ml, AC 440MSCs/ml, p ¼ 0.043). There were no
significant differences inMSC numbers/ml and average colony
areas between the sites (IC: AC 14mm2, Lmp 15mm2; VB: AC
11mm2, Lmp 13mm2) orMSCs doubling rates in days (IC: AC 2,
Lmp 1.9, VB: AC 1.9, Lmp 1.8).

Calcium production, after 14 days of osteogenic induc-
tion, was higher in VBBMMSCswith both harvestingmethods
(AC: 15-fold, p ¼ 0.003, Lmp: 6.6-fold). Adipogenic differenti-
ation, measured by Nile-Red absorbance on day 21 post-
induction, was not significantly different between two BM

sources. Glycosaminoglycan (GAG) production, after 21 days
of chondrogenic induction, was higher in VBBM MSCs (AC
2.1μg/ml, Lmp 3.7μg/ml) compared with ICBM (AC 1.2μg/ml,
Lmp 2.9μg/ml), but not statistically significant.

Conclusion: AC results in more effective MSC isolation
and does not affect MSCs' proliferation and differentiation.
Comparedwith ICBM, VBBM is richer inMSCs with osteo- and
chondrogenic differentiation capacities and can therefore
represent thefirst choice forMSC harvesting in spinal surgery.

WO011. Generation of a Vascularized, Scaffold Free Bone
Graft by Direct Transdifferentiation of Fat Tissue
Claudia Eder1, Sabrina Schildboeck1, Julia Klughofer1, Michael
Ogon1
1Orthopaedic Hospital Speising, Spine Center, Vienna, Austria

Introduction: Bone grafts play an important role in
spinal fusion surgery. Despite tremendous research efforts,
synthetic or biological grafting materials equaling autologous
bonehabe not been developed so far. One of themajor reasons
is the achievement of sufficient graft vascularization. Aim of
the presented study ist to test the concept of an autologous,
scaffold-free, vascularized bone graft by converting the pa-
tient´s fat tissue into bone.

Methods and Materials: 10 fat tissue biopsies deriving
from surgical waste material were used for the experiments.
Samples were washed in sterile saline solution and divided
into two parts. Part A served as control group and was
cultivated in DMEM-F12 medium supplemented with 10%
fetal calf serum and 2 mM L-Glutamine. Part B was trans-
differentiated in toto using osteogenic differentiationmedium
and cultivated at 37°C, 95% humidity and 5% CO2 for 3 weeks.
Histological evaluation of tissue mineralization was per-
formed using H/E, van Kossa and Alizarin Red staining.
Mineralization was quantified and angiogenesis and tissue
integration were evaluated using the chick chorionallantoic
membrane assay. Quantitative analysis were performed in
triplicates. Statistical evaluation was performed using the
Student´s T-Test at a 0,05 level of significany.

Results: The osteogenic transdifferentiated fat graft
showed an increase in collagen content and signs of minerali-
zation as indicated by positive van Kossa and Alizarin Red
staining. Average Calcium OD/mm sample was 50 for the
transdifferentiated grafts after 3 weeks vs 24 for the corre-
sponding control tissue (p < 0,005). Transplantation onto the
chick chorionallantoic membrane demonstrated excellent
tissue integration and connection to the recipients vascular
system after 5 days in vivo. Numerous small blood vessels
were visible within the graft. Despite the deprivation of
osteogenic differentiation factors, the osteogenic phenotype
was maintained after heterotopic implantation.

Conclusion: The patient´s own fat tissue can be trans-
differented toward an osteogenic phenotype in vitro and
demonstrates excellent angiogenetic properties after in vivo
implantation without losing the osteogenic phenotype. A
transdifferentiated fat pat might therefore have the potential
to serve as a fully autologous, vascularized graft to enhance
osteogenesis in spinal fusion surgery.
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1Department of Clinical Surgical Science, University of Pavia, Pavia,
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Introduction:With increasing rate of spinal fusion, the
problem of pseudarthrosis which contributes to recurrent
pain with patient disability is considered to be the most
common cause of revision lumbar spine surgery. Intensive
research is being performed to develop an alternative source
of bone grafting and improve the spinal fusion rate.

Purpose: Was to evaluate the long-term clinical and
radiological outcome of the use bone marrow mesenchymal
stem cell concentrate obtained with selective cell retention
technology using Cellect (Depuy Spine, USA) with a particular
collagen scaffold, Healos (Depuy Spine, USA) for posterolateral
spinal fusion.

Patient and Methods: Retrospective review of the
hospital records was performed. Then, the identified patients
were contacted to have a clinical and radiological evaluation
follow-up visit. Demographic data were reported. Preopera-
tive diagnosis, surgical procedure report, previous spine
surgery, postoperative complications and any re-operations
were registered. Clinical outcome was evaluated using visual
analog scales for the back pain (VAS), Oswestry Disability
Index (ODI) scores, and quality of life (EQ-5D) questionnaire.
Radiological outcome was evaluated by performing plain
radiographs including anterior-posterior and dynamic flex-
ion/extension lateral views. Segmental Cobb angle of the fused
segment was calculated in theflexion/extension lateral views.
Any implant associated complication, development of adja-
cent segment degeneration and any alteration of normal
spinal curvature were reported. Computed tomography (CT)
scans were also performed.

Results: All patients (100%) achieved successful fusion.
The mean difference of the segmental Cobb angle was 0.5°,
ranging from 0.3°-0.7°. CT scans showed solid bilateral fusion
with bridging bone (Grade I) in all patients but solid unilateral
fusionwith bridging bone (Grade II) was detected at 1 patient
at one level. Patients started to resume working activities
within a mean period of 3.5 months. The VAS score for the
residual back pain was 4.2 �2 while the ODI was 10.7� 5.6
points with the mean disability index was 21.4%.

Conclusion: The use of bone marrow mesenchymal
stem cells concentrate obtained with selective cell retention
technology is shown be an effectivemean for augmentation of
spinal fusion.

Osteo: Carriers and Bone

WO013. The BMP2-variant L51P Enhances the Osteogenic
Differentiation of Human Mesenchymal Stromal Cells in the
Presence of Intervertebral Disc Cells
Adel Tekari1, Samantha CW Chan2, Daniela A Frauchiger1, Lorin
M Benneker3, Paul F Heini4, Benjamin Gantenbein1
1University of Bern, Institute for Surgical Technology and
Biomechanics, Bern, Switzerland
2Biointerfaces, EMPA, Swiss Federal Laboratories for Materials Science
and Technology, St. Gallen, Switzerland
3Department for Orthopedic Surgery and Traumatology, Inselspital,
Bern, Switzerland
4Sonnenhof Clinic, Bern, Switzerland

Introduction: Discectomy and spinal fusion represents
the gold standard treatment for spinal surgery to relieve pain.
Fusion can be hindered, however, for yet unknown reasons
that lead to non-fusionswith pseudo-arthrosis.We previously
showed that the intervertebral disc (IVD)-derived cells hinder
the ossification process of human bone marrow-derived
stromal cells (hMSC).1 Within this study, we hypothesized
that BMP-antagonists secreted by IVD cells are the factors
responsible for such inhibition and this can be reversed by
addition of L51P. L51P is an engineered BMP2 variant that has
been recently demonstrated to be a generic antagonist of a
variety of BMP-inhibitors that control osteoinduction of
bone.2,3

Material and Methods: The experimental work was
ethically approved and written consent of patients was ob-
tained. hMSCs, primary nucleus pulposus (NPC) and annulus
fibrosus cells (AFC) (N ¼ 6) were obtained from patients
undergoing spinal surgery, isolated and expanded in mono-
layer cultures up to passage 3. IVD cells were seeded in 1.2%
alginate beads (4M/mL) and separated by culture inserts from
MSCs in a co-culture (CC)-set-up. The allogenic CCs were
paired in 11 repeated experiments. MSCs were kept in 1:
control medium (�alginate beads), 2: osteogenic me-
diumþNPC (�100ng/mL L51P) and 3: osteogenic medium-
þAFC (�L51P) for 21 days. Relative gene expression of bone-
related markers and of BMP antagonists such as noggin and
members of the DAN (differential screening selected gene
aberrative in neuroblastoma) family were quantified with
qPCR, and histological staining for calcium deposition and
Alkaline Phosphatase (ALP) assay were performed. The en-
dogenous expression of the BMP-antagonists in IVD cells
(passage 1) was evaluated by immunohistochemistry.

Results: Osteogenesis of MSCs was hindered as shown
by reduced alizarin red staining in the presence of NPC and
AFC. However, L51P added to CCs of MSCs with either NPC or
AFC inducedmineralization by blocking the activity of the IVD
cell’s secreted BMP-antagonists. It was noted that L51P caused
a general reduction in ALP activity in all experimental groups.
ALP activity was significantly up-regulated in positive control,
CCNPC, and in CCAFCþL51P relative to negative controls,
suggesting osteogenesis in these groups. CCNPCþL51P was
significantly different from positive control but not
CCNPCþL51P and CCAFCþL51P suggesting a reduction of
the ALP activity. For the relative gene expression of potential
BMP inhibitors (i.e., chordin, gremlin, noggin and TWSG-1),
RNA and protein level using qPCR and immunohistochemistry
confirmed expression of these BMP-antagonists inside the
cells.

Conclusion:Alizarin red staining revealed an inhibition
of the osteogenic differentiation of MSCs in CC with NPC or
AFC. L51P could rescue osteogenesis of MSCs in the presence
of NPC andAFC. Addition of L51P caused a general reduction in
the ALP activity after 21 days of culture. L51P could thus be an
attractive therapeutic treatment for spinal fusion, where it
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could enhance bone formation in the presence of NP and AF
tissue.

Acknowledgments: This project was funded by two
projects of the Swiss National Science Foundation grant
number #IZK0Z3_154384 and #310030_153411. Eva Roth
assisted in the biochemical assays and Hans-Jörg Sebald,
provided the BMP2 variant L51P.

References

1. Chan SCW, Benneker LM, Heini P, Gantenbein B. An in
vitro investigation into bone inhibition in non-unions
caused by intervertebral disc cells. In: Proceedings of
Biospine 5; Berlin, Germany, 2015

2. Albers CE, Hofstetter W, Sebald HJ, Sebald W, Siebenrock
KA, Klenke FM. L51P - A BMP2 variant with osteoinduc-
tive activity via inhibition of Noggin. Bone 2012;51
(3):401–406

3. Khattab HM, Ono M, Sonoyama W, et al. The BMP2
antagonist inhibitor L51P enhances the osteogenic
potential of BMP2 by simultaneous and delayed syner-
gism. Bone 2014;69:165–173

WO014. Postoperative Complications Associated with
rhBMP2 use in Posterior Lumbar Fusion
Zorica Buser1, Darrel Brodke2, Nabil Esmail1, Hans-Joerg
Meisel3, Jong-Beom Park4, Sue Lynn Myhre5, Jim Youssef5,
Jeffrey C. Wang1, Tim Yoon6
1Department of Orthopaedic Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States
2Department of Orthopaedics, University of Utah, Salt Lake City, Utah,
United States
3Department of Neurosurgery, Bergmannstrost Hospital, Halle,
Germany
4Department of Orthopedic Surgery, Uijeongbu St. Mary's Hospital,
College of Medicine, The Catholic University of Korea, Uijeongbu,
Korea, Republic
5Spine Colorado, Durango, Colorado, United States
6Emory Spine Center, Atlanta, Georgia, United States

Introduction: The growing number of degenerative
conditions in aging population has contributed to the in-
creased rates of lumbar posterior spinal fusion (PLF). While
PLF has been shown to be effective for the treatment of various
different spinal disorders, variations in surgical technique
(such as bone graft used) for PLF have potential for different
complication profiles. Human recombinant bone morphoge-
netic protein 2 (rhBMP2) is a bone graft material commonly
used in the US to enhance spinal fusion rates after PLF. There
are some reports of complications related to the use of rhBMP-
2 in PLF arising from relatively small case series. Aim of our
study was to quantify the frequency of various complications
in elderly patients undergoing PLF with and without rhBMP2.

Material and Methods: We queried the orthopaedic
subset of the Medicare database (PearlDiver) between 2005
and 2011. Current Procedure Terminology (CPT) codes were
used to identify patients undergoing PLF procedures with and
without rhBMP2, and International Statistical Classifcation of
Diseases 9 (ICD-9) codes were used for complications. Com-
plication and re-operation rates were analyzed within 1 year
after the index procedure. Complications included: Acute
Renal Failure, Deep Vein Thrombosis, Dural Tear, Hematoma,
Heterotopic Ossification, Incision and Drainage, Myocardial
Infarction or other cardiac complication, Nerve, Osteolysis, PLF
Reoperation, Pneumonia, Pseudoarthrosis, Pulmonary Embo-
lism, Radiculopathy, Respiratory Complications, Sepsis, Uri-

nary Retention, Urinary Tract Infection, Mechanical (failure of
other internal orthopedic device, implant, and graft) and
Wound Complications. Chi-square analysis was used to calcu-
late the complication differences between the groups.

Results: There were 20,143 patients who underwent a
PLF from 2005–2011, and 27% (5421) of those cases received
rhBMP2, while 73% (14722) had the PLF procedure without it.
The majority of PLF cases were female (62%) and 65–69 years
of age (27%) patients. The overall complication ratewas similar
between the rhBMP2 and no-rhBMP2 groups, 78.8% and
76.4%, respectively. However, most of the complications had
a significantly lower rate in the rhBMP2 group comparedwith
the no-rhBMP2 group (Dural tear 2.2% versus 3%; Incision and
Drainage 6.9% vs 7.8%; Myocardial Infraction 3.8% vs 4.4%;
Nerve 1.1% vs 2%; Pulmonary Embolism 2.2% vs 2.8%; Radi-
culopathy 9.4% vs 11.1%; Sepsis 3% vs 3.9%; Wound 8.2% vs
9.6%, respectively). Complications that were in the rhBMP2
group were Mechanical 8% vs 6.2%; Pseudoarthrosis 3% vs
1.8%; Urinary retention 9.9% vs 8.7% (p < 0.05) and Urinary
Tract Infection 30.30% vs 29.60%. Interestingly, heterotopic
ossification, demonstrated less than 11 patients in both
groups.

WO015. Peptide Amphiphile Nanogel as an Improved BMP-2
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2Department of Materials Science and Engineering, Northwestern
University, Chicago, Illinois, United States

Introduction: Advances in biologics have led to im-
provements in spine fusion rates, but a commercially available
bone graft substitute that elicits high bony fusion rates with
minimal adverse effects is yet to be developed. Recombinant
human bone morphogenetic protein-2 (rhBMP-2) is FDA-
approved for delivery on an absorbable collagen sponge
(ACS), and promotes spine fusion at rates of > 90% in humans.
However, the supraphysiologic dose required to elicit these
high rates of fusion can lead to serious complications. In prior
work, we found that nanofiber scaffolds composed of self-
assembling peptide amphiphiles (PA) are improved carriers
relative to ACS, with the ability to reduce the dose of exoge-
nous growth factor necessary for spine arthrodesis by a factor
of 10. We have also shown that assembling a PA nanogel on
ACS improves the handling properties of the nanogel without
compromising bioactivity. The purpose of this study was to
develop a novel PA-based growth-factor carrier that would
further reduce the amount of rhBMP-2 necessary to achieve
high spine fusion rates, while simultaneously improving ease-
of-delivery. We hypothesized that assembling a carboxyl-rich
E3-PA nanogel with a slurry of Type I collagen particles would
yield a malleable paste with improved growth factor delivery
in a spine fusion setting.

Material and Methods: Female Sprague-Dawley rats
underwent L4-L5 posterolateral spine fusion (PLF) with one of
two experimental scaffolds: 1) E3PA-collagen slurry scaffold;
or 2) E3PA/ACS. Scaffolds were preloadedwith either saline or
100 ng rhBMP-2 (per animal). A negative comparative control
group received ACSþ 100 ng rhBMP-2. Bone regeneration and
spine fusion were assessed using radiographs, fusion scoring,
microCT imaging, and histology. Fusion scores were deter-
mined by blinded manual palpation using an established
scoring system: 0 ¼ no bridging bone, 1 ¼ unilateral bridging,
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and 2 ¼ bilateral bridging bone. Spines with an average score
of � 1.0 were considered successfully fused.

Results: When preloaded with 100 ng rhBMP-2, the
E3PA/collagen slurry elicited a significantly higher mean
fusion score relative to both equivalently pre-loaded ACS
(p < 0.001) and E3PA/ACS (p < 0.01). Successful fusion was
seen in 100% of animals treated with E3PA-collagen slurry þ
100 ng rhBMP-2 (12/12 animals), which was significantly
higher than fusion rates of both ACS þ 100 ng rhBMP-2 (0%)
and E3PAþ 100 ng rhBMP-2 (8%) treatment groups. Use of the
E3-collagen slurry for rhBMP-2 delivery reduced the growth
factor requirement by 100-fold relative to the positive control
in this model (10 µg rhBMP-2/ACS, which yields a fusion rate
of 100% in the rat).

Conclusion: Exogenous growth factors, such as rhBMP-
2, have the potential to significantly improve bony fusion
rates. However, concerns regarding the safety of supraphysio-
logic concentrations of rhBMP-2—which are required for
efficacy when delivered on ACS—make the development of
improved growth factor delivery systems attractive. This
study examined the growth factor delivery capacity of a PA
nanogel/collagen slurry composite scaffold in a lumbar spine
fusion setting. We found that delivery of rhBMP-2 using an
E3PA-collagen slurry scaffold reduces the requirement for
growth factor by a 100-fold relative to ACS in the rat PLF
model.
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Introduction: Acute spinal cord injuries (SCIs) cause
significant worldwide morbidity and mortality, with an over-
all prevalence of ~750 injuries per 1,000,000 people. Currently
no pharmacologic adjuvant has been repeatedly demonstrat-
ed to lead to improved neurologic outcomes after these
injuries, however preliminary studies suggest that Riluzole,
a sodium channel-blocking medication, may be neuroprotec-
tive in patientswith an acute SCI. Because long-termoutcomes
after an SCI may be compromised if a solid fusion is not
achieved, it is critical to determine the effect of riluzole on
bone formation. This study investigated the effects of riluzole
on human bone marrow derived mesenchymal stromal cells
(MSCs) and human primary osteoblasts (OBs).

Material and Methods: For cell viability testing MSCs
andOBswere seeded in 96-well plates at 7,500 cells/cm2. After
24 hour, the cells were treated with osteogenic medium
containing different concentrations of riluzole (50 ng/mL;
150 ng/mL; 450 ng/mL). Control groups of MSCs and OBs
were cultured without riluzole. After two and seven days, cell
viability was determined using the Cell Titer Blue assay
(Promega).

For quantification of Alkaline Phosphatase (ALP) activ-
ity, MSCs and OBs were plated in 24-well plates (10,000 cells/
cm2) and cultured for 2 days in basal medium. Then theywere
treated with standard osteogenic differentiation medium.
Control groups and experimental groups that were exposed
to different concentrations of riluzole (50 ng/mL; 150 ng/mL;
450 ng/mL) were cultured. After 7, 14, 21 and 28 days, the cell
layers were extracted with 0.1%Triton-X in 10 mM Tris-HCl
(pH 7.4), and ALP activity was measured using the Sigma Kit
(No.104) according to the technical protocol. ALP activity was
normalized to the DNA content of the respective sample
(CyQuant, Invitrogen). All experiments were performed in
triplicate for two MSC donors and two OB donors.

Results: The applied concentrations of riluzole had no
influence on the cell viability ofMSCs or osteoblasts after seven
days. Therewas also no clear effect of riluzole supplementation
on the proliferation of the MSCs or OBs. In MSCs, the ALP
activity per DNA appeared to peakoneweek earlier with lower
doses of riluzole compared with the highest dose of riluzole
used in the study;while this trendwasnot observed in the case
of OBs. For MSC donor 1, highest levels of ALP/DNA were
noticed at day 7 (70.2 � 30.4 and 60.8 � 11.9 mmol/g*min for
50 and 150ng/mL riluzole, respectively); forMSCdonor 2, ALP/
DNA levels peaked at day 21 (43.0� 8.6 and 80.6� 26.5mmol/
g*min) for 50 and 150 ng/mL riluzole groups, while in the 450
ng/mL group highest levels were observed at day 28.

Conclusion: Early clinical trials suggest that riluzole
may lead to improved neurologic function in patients who
sustain an acute SCI, and the results of the current study
suggest that low dose riluzole has no effect on the viability or
function of either MSCs or OBs; however, the delayed peak of
ALP in MSCs exposed to a high dose of riluzole may indicate
that high doses of riluzole may slow osteogenic
differentiation.

Disc: Cell-Based Therapy
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Introduction: Stem cell based intervertebral disc (IVD)
regeneration is quickly moving toward clinical applications.1

However, many aspects need to be investigated to routinely
translate this therapy to clinical applications, in particular, the
most efficient way to deliver cell to the IVD. Cells are com-
monly delivered to the IVD through the annulus fibrosus (AF)
injection. However, recent studies have shown serious draw-
backs of this approach2–4 suggesting that intradiscal injection
through the AF route itself is not completely innocuous and
maydisable the treatments to therapeutic agents delivered. As
an alternative we have described and tested a new surgical
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approach to the IVD via the endplate-pedicles (transpedicular
approach). The Purpose of the study was to test MSCs/hydro-
gel transplantation for IVD regeneration in a grade IV preclin-
ical model of IDD on large size animals via the transpeducular
approach5 with cell dose escalation.

Material and Methods: Adult sheep (n ¼ 18) under-
went bone marrow aspiration for autologous MSC isolation
and expansion. MSC were suspended in autologous PRP and
conjugatedwithHyaluronic Acid and Batroxobin at the time of
transplant (MSCs/hydrogel). Nucleotomy was performed via
the transpedicular approach under fluoroscopy6 in four lum-
bar IVDs and thatwere injectedwith 1) hydrogel, 2) Lowdoses
of MSC/hydrogel [5x106 cell/ml] 3) High doses of MSC/hydro-
gel [1x107 cell/ml], 4) no injection (CTRL). The endplate tunnel
was sealed using a polyurethane scaffold.7 X-ray andMRIwere
performed at baseline and 1,3,6,12 months. Disc height and
MRI indexes were calculated at each time point. Disc macro-
and micro-morphology were analyzed at each time point.

Results: The MRI index showed a significant decrease
in the untreated group, the disc injected with hydrogel and
those injected with low MSC dose compared with healthy
discs in all time points. The discs treated with high dose of
MSC showed maintenance of the MRI index compared with
the healthy disc. Morphologically, the grade of degeneration
evaluated using the Thompson grade system8 was in agree-
ment with the grades observed at theMRI. The HighMSC dose
treated discs demonstrated abundant cartilage formation at 3
months, and to a lesser extent at 6 and 12 months. For the
carrier and low MSC dose treated groups, however, there was
less proteoglycan matrix.

Conclusion: An effective dose of autologous MSC
[1x107 cell/ml] delivered via the alternative transpedicular
approach regenerates the NP in a preclinical model of grade IV
IDD. These data highlight as the disc regeneration can be
achieved maintaining the AF intact via the end-plate route.
This preclinical study has high translational value as large
animal model with the long fallow up were used, MSCs were
expanded in GMP facility simulating the clinical scenario, and
the hydrogel were composed of clinically available drags and
materials.

This study bring a significant contribution toward the
translation of regenerative therapies for the biological resto-
ration of degenerative changes in the IVD, which is crucial to
improve present clinical treatment and life quality of several
patients.
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WO018. Heterochronic Parabiosis Approach: is it Possible to
Interrupt the Aging Process of the Intervertebral Disc
Degeneration? An in vivo Experimental Study
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Niedernhofer2, Enrico Pola1
1Division of Spine, Catholic University of Rome, Rome, Italy
2The Scripps Research Institute, Jupiter, Florida, United States
3The Centre for Spinal Studies and Surgery, Nottingham, United
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Introduction: Low back pain is a chronic health prob-
lem. It is the most common cause of limited activity. 90% of
peopleworldwidewill develop low back pain during their life.
It is due, in the most cases, to the intervertebral disc degener-
ation (IDD). Thefirst cause of IDD is aging. In all tissues aging is
a condition characterized by mutations and genome instabili-
ty, mitochondrial dysfunction, oxidative damage and conse-
quential decline of cellular functions. Decline in tissues
function is related to the loss of stem cells. These character-
istics translate into different pathologies, with increasing
costs for the healthcare system. In 2050 around 2 billion
people worldwide will be older than 65. People are living
longer but they are not healthier. Worldwide research is
focused on identify the molecular pathways that can regulate
expression of pro-survival networks. The purpose of this study
was to determinate whether blood chimerism with a young
wild type mouse (WT) could delay or reverse aging in a
prematurely aging mouse model (Ercc1-/Δ). Blood chimerism
was obtained bywayof parabiosis, an experimentalmethod in
which two animals are surgically connected and develop a
united circulation.

Material andMethods: 3 kinds of parabiotic pairs were
generated: WT þ WT at 40 days old (hisochronic parabiosis),
Ercc1-/Δ þ Ercc1-/Δ at 64 days old (hisochronic parabiosis)
and WT þ Ercc1-/Δ (heterochronic parabiosis). After surgery
the couples develop anastomosis thatmake possible the blood
chimerism. Administration of a dye (Evans blue) and fluores-
cent nano-beads into a single symbiont animal were used to
test shared circulation in the parabiosis couples. Mice were
sacrificed after 4 weeks; entire intervertebral discs were
removed from the surrounding vertebral bodies by an incision
along the endplate. Lumbar discs from each mouse were
analyzed histologically and for nucleous polposus protein
content. Expression of pro-survival networks in senescent
cells and in stem cells were analyzed.

Results: Compared with the hisochronic controls,
Ercc1-/Δ mice heterochronically paired with young WT mice
had a significally improved protein content in the disc (95%
CI). Histological analysis (EE & SaffO) revealed an improve-
ment in the disc for the Ercc1-/Δ individual in the
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heterochronic pair relative to the hisochronic ones. We ob-
served a reactivation of stem cells when exposed to younger
serum and a migration of young stem cells to the old mice
(using GFP protein expressed in the younger mouse). Further-
more µCT highlighted an improvement of the bone quality.

Conclusion: These results indicate that spine of the
progeroid mice were rejuvenated in the older mice when
exposed to a serum derived from younger organism. Senes-
cent cells secrete pro-inflammatory cytokines, and chemo-
kines, which together constitute the senescence-associated
secretory phenotype. We believe that stem cells are quiescent
in old organism and that the environment can reactivate
them. Moreover this factor can attract young stem cells
from the youngmice. The factor responsible for this, this elixir
of youthful, although currently unidentified, could potentially
be used as an effective treatment to rescue IDD as well other
pathologies connected to aging.

WO019. Mesenchymal Stem Cell Treatment of Disc Lesion
Prevents Fatty Infiltration and Fibrosis, but notMuscle Fibre
Transformation of the Multifidus Muscle
Paul Hodges1, Greg James1, Leanne Hall1, Annina Schmid1,
Cindy Shu2, Chris Little2, James Melrose2
1School of Health and Rehabilitation Sciences, The University of
Queensland, Brisbane, Australia
2Raymond Purves Bone and Joint Research Laboratories, Kolling
Institute of Medical Research, University of Sydney, Sydney, Australia

Introduction: The multifidus muscle undergoes struc-
tural and behavioral changes with back pain and injury. After
intervertebral disc (IVD) lesion in animals the multifidus
muscle undergoes a transformation of muscle fiber types
from slow-to-fast, and extensive structural remodelling
with increased adipose and connective tissue. Increased ex-
pression of pro-inflammatory cytokines (tumor necrosis fac-
tor (TNF) and interleukin 1β (ΙΛ�1β)) parallel these changes
and may be responsible. Treatment of IVD lesions with
mesenchymal stem cells (MSC) prevents or restores loss of
IVD height and proteoglycans in the nucleus pulposus, de-
pending on the timing of application. Whether the resolution
of IVD changes byMCS treatment prevents or restores changes
in the multifidus muscle structure and muscle fiber composi-
tion is unknown. This study aimed to investigate whether
muscle changes are prevented or restored by early or lateMSC
treatment of the IVD lesion, respectively, and whether this is
related to modification of inflammatory cytokine expression.

Material and Methods: The L1–2 and L3–4 IVDs of 18
sheep received left anterolateral partial thickness annular
lesions. Six control sheep underwent no surgery. At four (3-
month (n ¼ 6) and 6-month acute (n ¼ 6) treatment groups)
or twelve (established (n ¼ 6) treatment group) weeks after
initial surgery, animals received MSC injections (0.2ml) to the
operated IVD. Three (3-month acute treatment group) and six
(6-month acute and established treatment groups) months
after initial surgery the L4 multifidus muscle was harvested
for muscle fiber type analysis using immunohistochemistry
and evaluation of cross sectional area (CSA) of muscle, adipose
and connective tissue using standard histology. L2musclewas
harvested for quantitative PCRmeasures of pro-inflammatory
cytokine gene expression (TNF, ΙΛ�1β).

Results:Unlike the response to IVD lesionwithoutMSC
treatment (increased connective tissue and adipose CSA), acute
MSC treatment prevented increase in adipose (acute treat-
ment=control at 3- and 6-months; p ¼ 0.28 and p ¼ 0.07) and
connective tissue CSA (acute treatment < control at 3-
months; p < 0.001, acute=control at 6-months; p ¼ 0.39).
This paralleled reduced expression of IL-1β at 3-months (acute
treatment versus control; p < 0.001). MCS treatment of estab-

lished treatment animals restored adipose and connective
tissue CSA (established treatment=control at 6 months;
P > 0.60). The effect of MSC on muscle CSA depended on the
treatment timing. At 6 months, acute treatment animals had
larger whole muscle CSA than controls (p ¼ 0.002). Control
and established treatment animals did not differ (p ¼ 0.73).
Despite optimistic data for tissue CSA, muscle harvested at 6
months showed reduced proportion of slowmuscle fibers and
increased intermediate fibers throughout the multifidus mus-
cle (acute and established treatment group versus control;
p < 0.05). TNF expressionwasgreater at 6months in acute and
established treatment groups than control (p < 0.001).

Conclusion: These results indicate that MSC treatment
of the IVD lesion prevents and restores muscle structural
changes, but is unable to prevent changes tomultifidusmuscle
fiber type. This is likely to have functional relevance for
neuromuscular control of the healed IVD. MSC appear to
have and anti-inflammatory effect on muscle in the early
phase when IVD is healing, but cannot influence the later
elevation of TNF, which appears destructive for muscle fibers.

WO020. Tissue-engineered Total Disc Replacement: In vivo
Outcomes of a Canine Cervical Disc Study
Yu Moriguchi1, Jorge Mojica Santiago2, Rodrigo Navarro1, Peter
Grunert1, Brenton Pennicooke1, Connor Berlin1, Katherine
Hudson2, Lawrence Bonassar2, Roger Härtl1
1Department of Neurological Surgery, Weill Cornell Medical College,
New York, New York, United States
2Meinig School of Biomedical Engineering, Cornell University, Ithaca,
New York, United States

Introduction: Despite being effective, the most com-
monly performed treatments for degenerative disc disease
(DDD), fusion and prosthetic total disc replacement, still pose
risks of pseudoarthrosis, implant dislodgement, and adjacent
segment disease.1–3 Tissue engineered intervertebral discs
(TE-IVD) are an alternative treatment option for DDD, and
have been previously developed by our group as a biological
TDR device.4 Presently, we evaluate the surgical conditions
that promote implant stability and in-vivo efficacy of our TE-
IVDs in a translational beagle cervical spine model.

Material and Methods: TE-IVD Construction: TE-IVD
components were constructed in vitro using either annulus
fibrosus (AF) or nucleus pulposus (NP) cultivated canine disc
cells; the collagen gel based composite AF enclosed an alginate
gel based composite NP, as previously described.4 Experimen-
tal and Surgical Protocol: 14 skeletally mature beagles under-
went discectomy with whole IVD resection at a level between
C3/4 and C6/7, and were divided into two groups: a solely
discectomized control (n ¼ 2) and a TE-IVD implanted group
(n ¼ 12). Discectomy and TE-IVD implantation were per-
formed under segmental distraction. Implant stability was
evaluatedupondistraction release at the endof the procedure.
Imaging: Postoperative imaging was performed with conven-
tional X-rays and high-resolution 3-Tesla MRI under full
anesthesia. Disc height indicesweremeasured onX-rays using
a pre-established method. 5 All MRIs were analyzed both
qualitatively and quantitatively in accordance to T2-weighted
images. Utilizing a novel algorithm developed by our group,
we filtered out all MRI voxels unrepresentative of NP tissue
using their T2-relaxation time (T2-RT), sequestering the ex-
tent of NP hydration based on the mean T2-RT within the NP
voxel.6Histological assessment: Animals were sacrificed either
at 4 or 16 weeks. Histological staining was obtained using
Safranin-O for proteoglycans. Statistics: A Chi-Squared test
was performed to determine the correlation between implant
stability and surgical level or posterior longitudinal ligament
(PLL) resection. For the analyses of continuous outcomes in

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS20



disc height index, NP size, and NP hydration, we employed
linear regression models with a generalized estimating equa-
tion and robust standard errors to estimate differences in
mean changes from baseline controls (discectomy) across
displaced and stable implantation groups.

Results: TE-IVDs that demonstrated displacement of
over 25% TE-IVD volume upon distraction release were de-
fined as “displaced” implants and the remaining were termed
as “stable” implants. Therewas a correlation between implant
stability and surgical level but not between implant stability
and PLL resection, with implants at C3/4 having the greatest
stability (p < 0.05). Quantitative X-ray and MRI assessments
showed that only the stable implants had significant retention
of disc height andNP size aswell as NP physiological hydration
compared with discectomy controls. Both 4- and 16-week
histology demonstrated that implanted TE-IVDs yielded AF-
like and NP-like tissues in the treated segment. Integration
into host tissue was confirmed over 16 weeks without any
signs of immune reaction.

Conclusion: Despite significant biomechanical de-
mands of the beagle cervical milieu, our in vivo TE-IVDs,
when implanted successfully,maintained their position, struc-
ture and hydration in addition to disc height over 16 weeks.
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Introduction: Strategies to promote intervertebral disc
(IVD) regeneration have been hindered by the lack of knowl-

edge of IVD fundamental cellular/molecular components. One
of the key points to be addressed is the characterization of
nucleus pulposus (NP) cell population(s). This study estab-
lishes an improved method for bovine NP (bNP) cell isolation,
whose procedure is still not consensual among the literature,
allowing a thorough characterization of cell (sub)populations
that exist in the young NP.

Material and Methods: bNP was digested with distinct
enzymes (collagenase-type-I, collagenase-type-II, and colla-
genase- type-XI) at different concentrations (0.5, 1.0, and 2.0
mg/mL), for 4 and 19 hour. Cell yield, viability/apoptosis, and
morphology were analyzed by flow cytometry and imaging
flow cytometry. Identification of cell subpopulations within
NP and its phenotype was investigated by assessing expres-
sion of CD29, CD44, CD45, CD34, CD146, and Brachyury.

Results: It was found that bNP cells present a similar
morphology independently of the digestive enzyme used.
However, cell yield was greatly improved by Coll-XI (2 mg/
mL) treatment for a short digestion period. Interestingly, three
subpopulations, with different sizes and auto-fluorescence,
were consistently identified by flow cytometry. And crucially,
differential expression of cell markers was found among these
subpopulations.

Conclusion: This study demonstrated that collagenase-
type-XI is an efficient enzyme that is used for digesting bNP.
And most importantly, three phenotypically distinct subpo-
pulations of cells where identified within the bNP. Such
knowledge is key for a better understanding of NP cell biology
and its potential endogenous regenerative capacity.

WO022. Contribution of Hypertrophic Chondrocytes to the
Homeostasis of Annulus Fibrosis in Normal and
Degenerative Intervertebral Discs
Cheuk Wing Wilson Chan1, Akansha Shah1, Kathyrn Cheah1,
Danny Chan1
1School of Biomedical Sciences, LKS Faculty of Medicine, The
University of Hong Kong, Hong Kong, Hong Kong

Introduction: Annulus fibrosis (AF) is a lamellar struc-
ture surround the central nucleus pulposus (NP) in the
interverterbral discs, the outer AF composed of fibroblast-
like cells and anchored to the bone of the vertebral body and
the cells within inner AF (iAF) is more chondrogenic and the
lamellae are anchored onto the cartilage endplate (cEP). From
histology of human, rabbit and mouse IVDs, there appears to
be a continuum of cells invading from cEP to iAF. Degenerative
conditions such as compressive loading may lead to cell death
in AF, however, how the cells are replenished in the damaged
tissue is not understood. Using genetic tools in mice, we show
that hypertrophic chondrocytes (HCs) in the cEP are a source
of iAF cells in postnatal life of mouse and in repair processes
following static compression of the disc.

Material and Methods: Cell lineage tracing in mice was
performed using a tamoxifen-inducible Cre recombinase
(CreERT) under the regulation of the endogenous Col10a1
promoter with specific expression in HCs in the cEP. When
crossed with Rosa26lacZ reporter mice, a single dose of
tamoxifen injection will labeled a specific pool of HCs and
their date followed in vivo. Snail2, Twist1, E47-E2A and Tgfb2
(genes in the EMT pathway) were analyzed by immunohis-
tochemistry. For static compression, tail of 8-week-old
Col10a1-Cre; ROSA-tdTomato double mutant mice were
bend laterally, the distal coccyx (level 13) was affix with the
proximal coccyx (level 5) forming a loop and maintained for 5
weeks to apply an asymmetrical loading to the discs. Apopto-
sis were detected with the TUNEL assay and the HC-descen-
dent cells (tdTomatoþ) were visualized with fluorescent
imaging.
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Results: One week after injection of tamoxifen to
Col10a1-CreERT; Rosa26lacZ mice, only round cells (HCs) in
the cEP were detected to be lacZþ, no cells in the iAF was
labeled. Three weeks after injection, flattened lacZ positive
cells were detected in the iAF, indicating these cells are
originated from the cEP. These cells become more migratory,
with rearrange cytoskeletal structure, becoming flattened
cells and reside within the iAF. These cellular morphological
changes are consistent with the criteria of EMT that are
involved in various developmental processes and key markers
such as Snail2, and Twist1 are all positive to the cells under-
going this HC-iAF transition. In the asymmetric tail-looping
model, robust apoptosis of iAF cells was detected in the
compressive side but not the extended side after 5 weeks of
looping. More HC-descendent cells (tdTomatoþ) transited
from the cEP to the iAF compare with the control disc without
looping during the compression period.

Conclusion: We demonstrated that HCs in cEP act
continuously as the progenitor cells contributing to the iAF
during normal development. We showed an EMT-like mech-
anismmight be involved to this HC-iAF transition. Mechanical
compression but not distention induces cell death in the AF,
but more HC transit to iAF as part of the repair process in the
unlooping period. Thus, HCs in the cEP may act as source of
progenitor cells for iAF. Understanding the differentiation of
these cells will provide valuable information for therapeuti-
cally treatment for disc repair or bioengineering of AF tissues
in the future.
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Introduction: Intervertebral disc (IVD) degeneration is
a major cause of back pain, affecting quality of life. Current
treatments are limited to salvage surgical operations. Biologi-
cal treatments to relieve symptoms or restore disc are not
available as we know little about the biology of disc degener-
ation and its potential to repair/regeneration. While most
people will develop disc degeneration with aging, there are
individuals who are protected even at old age, suggesting the
presence of protective genes. Progenitor cells within the IVD
are thought to play important roles in disc homeostasis. A
hypothesis is that genetic factors can confer a protection
against disc degeneration via better maintenance of endoge-
nous progenitor cells. There exist strains of “healer”mice (LG/
J, MRL/MpJ) with superior repair potential of cartilaginous
tissues. We propose to study the maintenance of the IVD
tissues in healer mice and assess potential relationship to
progenitor cells, extracellular matrix and inflammatory re-
sponse changes, to degeneration and repair/regeneration
processes.

Materials andMethods: “Healer” (MRL/MpJ) and “poor
healer” (C57/BL6C) mice were used in this study. Histological
comparison of tail discwas assessed from8 to 24weeks of age.
Different NP cell populations and ECMmarkers were assessed
using immunohistochemistry with specific cell markers. Tail-
looping at 8-week of age for a fixed period was used as an
environmental perturbation that will induce degeneration.

Unlooping the tail after certain period of looping can assess
repair processes with appropriate controls.

Results: A comparison of MRL and C57 mice showed
neither observable histological differences, nor signs of de-
generative processes from 8-week to 24-week of age. Follow-
ing tail looping for 4, 5, 6 and 8 weeks, there were significant
distortion of the annulus fibrosus (AF) and NP at the com-
pressed side, in terms ofNP cell loss, AF tears and ruptures, and
cell death in the AF. After the tails were unlooped for 4 weeks
or 8 weeks, there were restorations of NP and AF structures in
both strains of mice. However, superior repairing was seen in
MRL mice at all time-points studied, in which the disc
structure restored better via continuous expansion of NP
region, cell repopulation and lamellae orientation recovered
in the compressed AF sides with a clear NP-AF boundary. In
C57 mice, the AF lamellae structure remained disorganized
following unlooping. NP cell population analysis including
Tie2, GD2, Sox9 and T showed different expression pattern in
MRL and C57, fromwhich showed that GD2 positive cells may
be the functioning NP cell in disc maintenance. Besides, MRL
maintained better Col I, Col II and aggrecan content during the
repair processes. Interestingly, lower IL-1β was found in the
“healer” mice, which suggested less inflammatory response
may contribute to a better disc recovery after injury.

Conclusion: By comparing the genetically different
“healer” and “poor healer” mice, we showed a population of
novel marked NP progentiors thatmay play important roles in
the maintaining and repair/regenerative of IVD. The better
repairing features in the “healer” mice are associated with
better functional cell population maintenance and less in-
flammatory response.
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Introduction: Low back pain is amajor problemworld-
wide, affecting the quality of life for millions of people. Low
back pain also has a tremendous impact on direct and indirect
global healthcare costs. Intervertebral disc (IVD) degeneration
has been strongly associated with low back pain. Long-term
organ culture of human IVDs is essential to study IVD degen-
eration and repair. Using an ex vivo approach, the relationship
between mechanobiology, disc matrix composition and me-
tabolism can be better understood in the context of degener-
ative disease. We have developed a bioreactor where intact
human discs can be cultured in a controlled dynamically
loaded environment. Here, we aimed to determine the most
suitable loading parameters for human discs culture by as-
sessing IVD tissue integrity and cell viability under low,
medium and high magnitude cyclic load. Furthermore, we
investigated the suitability of this model toward cell supple-
mentation strategies for tissue repair and developed a novel,
single discMRI imaging sequence aimed atdirect visualization
of tissue repair.

Materials and Methods: Human IVDs were isolated
from lumbar spine segments as previously described. Spines
were obtained with consent through the Transplant Quebec
Organ Donation Program from individuals who had under-
gone sustained brain death. Discs were cultured under 3
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different loading schemes to mimic a sedentary lifestyle: low
0.1–0.3, medium 0.1–0.6 and high 0.1–1.2 MPa loads. Cell
viability andmatrix stabilitywas assessed following 10 days of
loading. Feasibility of cell/hydrogel implantation was deter-
mined over 14 days ofmediumdynamic loading. To determine
whether isolated discs could be imaged by MRI, extracted
individual discs were visualized for T1 and T2 signals using a
novel sequence using a small animal Bruker 7.5 Tesla MRI.

Results: Cell viability was maintained at greater than
80% throughout the discs at low and medium loads. Viability
dropped to ~60–70% throughout the discs under high loads.
Proteoglycan content remained stable in all loading protocols
(~50 μg sGAG/mg tissue), as did CHAD and newly synthesized
collagen II protein. To test for feasibility of cell therapies in the
bioreactors, NP cells combined with a hydrogel were injected
into discs and cultured under medium load. 14 days after
dynamic culture, the injected cells were mainly localized to
the NP region with greater than 90% viability. The small
animal MRI was able to obtainwell-defined images of isolated
discs,with details of tissue integrity andproteoglycan content.

Conclusion: Our ex vivo model of dynamic human IVD
culture can be used as a platform on which to study mecha-
nisms of degeneration as well as for novel avenues aimed at
biological repair using bioactive substances or cell based
therapies. Cells and bioactive substances can be administered
within hydrogels thereby enhancing the reparative proper-
ties. Furthermore, it is feasible to assess repair potential of the
therapies by comparing MRI scans pre- and post-therapy.
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Animal Model
Gianluca Vadalà1, Fabrizio Russo1, Francesca De Strobel2, Marco
Bernardini2, Luca Denaro3, Domenico D'Avella3, David Eglin4,
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Introduction: To study the efficacy of novel regenera-
tive strategies is necessary to develop newmodels that do not
implement annulus fibrosus (AF) damage. We hypothesize an
ideal preclinical model to study novel biological therapies for
nucleus pulpous (NP) regeneration can be achieved by ap-
proaching the NP via the endplate (EP) route through a
minimal invasive transpedicular approach.1 The aim of the
study is to characterize a preclinical ovinemodel triggering EP
damage and repair with or without mechanical nucleotomy,
while keeping the AF intact.

Material and Methods: Sheep (n ¼ 12, 3 years old),
were used. Throughout the transpedicular approach, a 2mm
tunnelwas drilled to theNP. Nucleotomywas performed using
a shaver resector. The tunnel was sealed using a press-fit
porous polyurethane (PU) cylinder. Five lumbar discs were
assigned to different groups: EP tunnel (A); EP tunnel þ
nucleotomy (B); EP tunnel þ repair with PU scaffold (C); EP
tunnelþ nucleotomyþ repair (D); no treatment (E). X-ray and
MRI was performed at 0, 1, 3 and 6mths after. Disc height and
MRI indexes were calculated and disc macro- and micro-
morphology were analyzed. MRI images and gross anatomy
photographs were graded using both Pfirrmann2 and Thomp-
son3 grading systems.

Results:MRI analysis showed a progressive decrease of
NP signal intensity with different degrees of degeneration.
According to Pfirrmann degenerative grade, the C group
showed a grade II, group A appeared as grade III, group D
looked as grade IV and group B appeared as grade V. Morpho-

logically, all stages of the degenerative process from Thomp-
son grade I to grade V were also observed with the same
association. Histological analysis revealed progressive disc
narrowing, fragmentation of the NP matrix in D and B group.
The scaffold in the tunnel of C and D groups appeared
colonized by cells without sign of bone formation at all time
point. NP tissue was in the tunnel with infiltration of inflam-
matory cells in A and B groups.

Conclusion: A new preclinical model to study tissue-
engineering strategies for NP regeneration has been devel-
oped and characterized by approaching the NP via the EP
route through aminimal invasive transpedicular approach [1].
Keeping the AF intact, the different degrees of IDD have been
observed according to Pfirrmann and Thompson grading
system. The sealing of the tunnel prevents the NP to leak
out of the disc space.

This represents a significant contribution toward the
translation of new regenerative strategies for biological res-
toration of early and mild IVD degenerative.
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Introduction: The diagnostics of discogenic low back
pain may employ also radioopaque contrast agents, such as
iodixanol, which may cause cytotoxicity to intervertebral disc
cells following the intradiscal injections, provoking or accel-
erating the degeneration process. As many studies so far have
been accomplished on animal cells, the potential effects of
these agents in humans still remain unclear. The study aim
was to evaluate the effect of iodixanol on human interverte-
bral disc cells in vitro and to compare its cytotoxicity to saline
solution control.

Material and Methods: From human lumbar interver-
tebral disc fragments obtained during discectomis, annulus
fibrosus and nucleus pulposus cells were isolated, cultured on
themicrotiter plates and exposed to various concentrations of
iodixanol. Saline was used as a control. Three different dilu-
tions (undiluted, 1:2 and 1:4) of iodixanolwere tested. After 6,
24 and 48 hours, viability was determined.

Results: A time and dose depended response to iodix-
anol exposure was observed. The nulceus pulposus cells were
more susceptible than annulusfibrosus cells to its toxic effects.
Iodixanol was cytotoxic in all three tested concentrations
(undiluted, 1:2 and 1:4) with the cell survival of 0%, 8% and
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14%, respectively. Necrosis, rather than apoptosis, was the
main reason for such devastating effects.

Conclusion: In iodixanol, commonly used for discogra-
phy, the cytotoxic effects were observed in a dose- and time-
dependent manner. According to our study, concentrated
iodixanol is best avoided due to its high toxicity. Although
1:4 dilutionwas least toxic andmay be thus recommended for
the intradiscal diagnostics, the high dilutions are questionable
due to loss of resolution yield. We assume the toxic effects of
the contrast agents used may also contribute to disc degener-
ation, culminating to progressive tissue damage after the
diagnostic measures.

WST015. The Expression of Keratin 19 in Intervertebral Disc
Degeneration and Aging
Fengjuan Lv1, Victor Y. L. Leung1, Kenneth M. C. Cheung1
1The Department of Orthopaedics and Traumatology, The University
of Hong Kong, Hong Kong, Hong Kong

Introduction: Low back pain (LBP) affects 80% of the
whole population around the world and causes great social-
economic burden. Intervertebral disc (IVD) degenerates with
aging and is a major contribution to LBP. Mature NP (nucleus
pulposus, the center part of IVD) cells are similar to, but not
the same as, chondrocytes. The search for NP markers has
prompted the proposal of keratin-19 as one of the NPmarkers
mainly based on its transcriptional level.1 In our previous
study, among all the investigated. keratin-19 is the most
downregulated gene in degenerated humanNP. 2 In this study,
we aim to track the changes in the protein expression of
keratin-19 in disc degeneration and aging process with hu-
man clinical specimens and rodent models of induced degen-
eration and natural aging.

Material and Methods: The corresponding informed
patient consent and institutional review board (IRB) approval
and animal ethics approval was obtained from the relevant
committee. Human IVDwere collected frompatientswith disc
degeneration (graded IV-V at the Schneiderman scale) under-
going discectomy or during corrective scoliosis surgery. Rat
induced degeneration model was established by needle punc-
ture as described previously.3 Mice ranged from date of birth
to 2 years old were used to represent natural aging in rodents.
The expression of keratin-19 was investigated by immuno-
chemical staining. Keratin-19 positivity was determined as
the number of keratin-19 positive cells divided by the total
number of cells per whole section.

Results:Keratin-19 expressionwas detected in bothNP
and AF (annulus fibrosus) of degenerated and non-degener-
ated human IVD. The signal of Keratin-19 was exclusively
intracellular. Cells within a cluster showed heterogeneous
expression for Keratin -19. Degenerated human NP contains
significantly less Keratin-19 positive cells when compared
with non-degenerated human NP (D-NP versus ND-NP: 13.87
� 1.27% versus 29.99 � 4.68%, p ¼ 0.016). In healthy rat,
Keratin-19 was found to be strongly expressed in the NP but
not in the AF. A minor portion of cells in the cartilaginous EP
(endplate) was also Keratin-19 positive. Keratin-19 positivity
remained at a similar level post injury in the NP, but were
induced in the AF after puncture. In agingmice, at P0, Keratin-
19 showed strong expression in the vacuolated notochordal
NP cells and in the cartilage anlage of vertebrae bodies, with
no expression in the AF. From P0 to 18months of age, Keratin-
19 remained expressed at a relatively constant level in the NP
constituted by large vacuolated notochordal cells. By 24
months of age, Keratin-19 expression decreased in the NP.

Conclusion: We found that although Keratin-19 was
significantly decreased in human degenerated NP, it only
showed a mild decrease or otherwise unchanged expression

in rodent models of progressive disc degeneration and aging.
Since Keratin-19 is also a notochordal cell marker,4 it may
reflect that notochordal cells are still present in the aged
mouse NP and during themild stage of degeneration in the rat
model. To our knowledge, this is thefirst investigation into the
expression and location of keratin-19 in different IVD aging/
degeneration systems.
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Disc Injury Model
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Introduction: Numerous animal models of degenera-
tive disc disease exist. Debate exists as to the ideal animal
model and optimal method of inducing degeneration. The
ovine lumbar spine is one accepted animal model of degener-
ative intervertebral disc disease. The goal of this study is to
describe and characterize a novel, simple, reproducible ovine
disc-injury model utilizing a drill bit inserted into the lumbar
intervertebral disc to mimic disc degeneration.

Material and Methods: Six female sheep underwent
pre-operative MRI followed by lumbar intervertebral disc
injury at two levels via insertion of a 3.5mm diameter drill
bit to a depth of 12 mmvia a lateral retroperitoneal approach.
Necropsies were performed two months following injury.
Lumbar spines were explanted and underwent 9.4T MRI,
radiographic imaging, gross morphological, histological and
biochemical analysis. Gross morphologic assessment con-
sisted of horizontal section of the intervertebral disc, digital
photography of the surfaces. Biochemical analysis was per-
formed for sulphated glycosaminoglycans, type I and type II
collagen and DNA. Histological analysis utilized a semiquan-
titative grading system.

Results: Therewas no evidence of disc degeneration on
pre-operative MRI. Drill bit injured discs demonstrated in-
creased Pfirrmanndegenerative scores relative to controls and
pre-operative scores. Injured levels demonstrated significant-
ly greater reductions in Disc Height Index than control levels.
Gross morphological assessment similarly revealed signifi-
cantly higher degenerative morphological scores in injured
disc relative topre-operative scores and controls. Onbiochem-
ical analysis the annulus fibrosus (AF) at the entry point in
injured discs contained less type II collagen and proteoglycans
than the AF of non-injured control discs. Histological
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assessment demonstrated increased degenerative scores in
injured disc on semiquantitative scoring.

Conclusion: Thesefindingdemonstrate that the 3.5mm
drill bit ovine lumbar intervertebral-disc injury model pro-
duced macroscopic, radiological, biochemical and histological
changes consistent with disc degeneration.

WST017. Hif-3α Fine-tunes Extracellular Matrix Production
in Nucleus Pulposus Cell under Hypoxia
Wai-Kit Tam1, Kenneth M. C. Cheung1, Victor Y. Leung1
1Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, Hong Kong

Introduction: Nucleus pulposus (NP), the gelatinous
tissue core in the intervertebral disc (IVD), is enriched with
extracellular matrix type II collagen (encoded by COL2A1) and
aggrecan (encoded by AGC1). Dysregulation of extracellular
matrix proteins in the NP is tightly associated with disc
degeneration, ultimately leading to a loss of mechanical
function in motion segments.1 Expression of SOX9, the major
chondrogenic transcription factor for COL2A1 and AGC1 gene
activation, was evidenced in the normal and degenerated
human NP, but weak in the annulus fibrosus (AF) region.2

Considering the virtually avascular characteristic of the NP, NP
cells are regulated within a hypoxic microenvironment.
Among the family of hypoxia inducible factor-α subunits
(HIF-α), HIF-1α and HIF-2α (EPAS1) have beenwell illustrated
as important transcription factors in maintaining disc cell and
matrix homeostasis, particularly in the NP.3–5 However, the
understanding of HIF-3α, the dominant negative regulator of
HIF-1α,6 in IVD is limited. Here, we hypothesized that HIF-3α
may regulate the SOX9-dependent transcription of the extra-
cellular matrix genes in NP cells under hypoxia. We aimed at
characterizing the sub-cellular expression patterns of HIF-1α
and HIF-3α in mouse IVD tissues and human NP cells cultured
under different oxygen tensions. Moreover, we tested the
modulatory effects of HIF-1α/HIF-3α on the expression of
Col2a1 and Agc1 using Sox9-expressing mouse prechondro-
cytic cells as a model.

Materials and Methods: All animal and human works
were approved by local ethical committee. IVDwereharvested
fromwild-type C57BL/6Nmice at 3 and 6months-old. Lumbar
IVD of scoliosis patients were collected under informed
consent. Cells were harvested by digestionwith 0.5� of TrpLE
Express (Gibco) 37°C, 30minute and 0.25mg/ml Collagenase II
(Gibco) 37°C, 90minute in DMEM-HG (Gibco). Human NP cells
were expanded in DMEM-HG supplemented with 10% fetal
bovine serum. Subsequently, human NP cells were subjected
to ambient oxygen tension (21% O2) or intermediate hypoxia
(5% O2) or extreme hypoxia (1% O2) for 72 hours prior to
fixation or RNA collection. Immunohistochemistry staining of
Hif-1α and Hif-3α was studied with mouse IVD paraffin
sections and different sub-cellular locations of HIF-1α, HIF-
3α and SOX9 expression were identified by immunofluores-
cence in human NP cells cultured under different oxygen
tensions. To determine transcriptional activity of Col2a1 and
Agc1, luciferase-based promoter assays on specific Col2a1 or
Agc1 cis-acting elements with the overexpression for each of
the HIF-α subunits and/or Sox9 in ATDC5 cells were
performed.

Results: Hif-1α and Hif-3α expression pattern was
identified in mouse NP, AF and endplate (EP) tissue. Expres-
sion of HIF-1α and SOX9 was detected in the nuclei of human
NP cells independent of different oxygen tensions. Strikingly,
induction of HIF-3α expression in nuclei was observed in
human NP cells cultured under hypoxia (5% and 1% O2) versus
normoxia (21% O2). Additionally, AGC1 gene expression was
reduced in human NP cells cultured under hypoxia in com-

parison with normoxia. Furthermore, luciferase-based pro-
moter assay showed that Hif-3α overexpression inhibited the
Sox9–dependent transcriptional up-regulation of Col2a1 and
Agc1.

Conclusion: Our findings illustrated that induction of
HIF-3α in human NP cell nuclei was evidenced in hypoxia
versus normoxia. We further demonstrated that Hif-3α has a
function in inhibiting Sox9-mediated transcriptional regula-
tion of Col2a1 and Agc1 in prechondrocytic cells, implicating a
possible role of HIF-3α in fine-tuning the extracellular matrix
protein production in NP cells under hypoxia. Detailed molec-
ular mechanism of HIF-3α in regulating human NP cell and
matrix homeostasis under hypoxia warrants further
investigations.
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WST018. The Relationship between HELQ Expression and
Intervertebral Disc Degeneration
Shanhu Huang1, Yu Zhang1, Zhili Liu1, Jiaming Liu1
1Department of Orthopedic Surgery, the First Affiliated Hospital of
Nanchang University, Nanchang, China

Introduction: Degeneration of the intervertebral disc,
mainly of nucleus pulposus, is strongly implicated as a cause of
low back pain. However, the mechanism of disc degeneration
is not clear. This study is to investigate the expression level of
HELQ protein in nucleus pulposus tissues and the relationship
between HELQ expression and intervertebral disc
degeneration.

Materials andMethods:A total of 84 samples of lumbar
intervertebral disc degenerated of different degree were
obtained from patients undergoing lumbar spinal surgery
for low back pain. Degeneration degrees of all samples were
classified by radiological and histopathologicmethods. Immu-
nohistochemistry (IHC) staining was performed to evaluate
the expression level of HELQ protein in nucleus pulposus
tissues. And the relationship between HELQ expression and
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radiological degeneration grades, histopathological degener-
ation grades of nucleus pulposus were analyzed.

Results: HELQ was expressed in human nucleus pul-
posus. The expression level of HELQ protein was significantly
lower in nucleus pulposus with higher degeneration degree
than those with lower degeneration degree. And HELQ ex-
pression level had significantly negative correlation with
radiological degeneration grades(r ¼ 0.333, p ¼ yyyy0.002)
and histopathological degeneration grade (r ¼ �0.519,
p ¼ 0.000).However, no correlation were detected between
HELQ expression and age (p ¼ 0.374), gender (p ¼ 0.063) or
segments (p ¼ 0.676).

Conclusion: The results indicated that down-regulated
expression of HELQ is a possible reason of intervertebral disc
degeneration. Thus, targeting HELQ gene will be a new
therapeutic strategy for patients with intervertebral discs
degeneration.

Keywords: intervertebral disc degeneration, nucleus
pulposus, HELQ, immunohistochemistry

WST019. The Intervertebral Disc Functional Cell Models: a
New Revolution for in vitro Toxicology Testing
Tomaz Velnar1, Gorazd Bunc1, Uros Maver2, Lidija Gradisnik2
1Department of Neurosurgery, Maribor, Slovenia
2Institute of Biomedical Sciences, Maribor, Slovenia

Introduction: For diagnostics of discogenic low back
pain, local anaesthetics are oftenused,whichmay be cytotoxic
to intervertebral disc cells. Studies so far have been mainly
performed on animal cells. The study aim was to evaluate the
effect of local anaesthetics on human intervertebral disc cells
in vitro.

Material and Methods: Annulus fibrosus and nucleus
pulposus cells were isolated from human lumbar interverte-
bral disc fragments and exposed to various concentrations of
lidocaine, bupivacaine and their mixture. Saline solution was
used as a control. Three different dilutions (undiluted, 1:2 and
1:4) of anaesthetics were tested. The cells were treated for 6,
24 and 48 hours and examined with for viability.

Results: Nulceus pulposus cells were more susceptible
than annulus fibrosus cells to the toxic effects of both anaes-
thetics. Lidocaine was more toxic with the final cell survival
fraction of 0%, 10% and 20%. Bupivacaine presented less
cytotoxicity with the final survival of 10%, 60% and 80%.
Lidocaine-bupivacaine mixture showed an intermediate toxi-
cological effect.

Conclusion:Human intervertebral disc cells in vitro are
useful for various toxicology tests. They are a valuable model
for testing of anesthetic agents. According to the analysis,
lidocaine and its mixtures should be avoided due to its high
toxicity to the intervertebral disc cells. Bupivacaine was less
toxic, especially in 1:4 dilutions andmay be recommended for
the intradiscal diagnostics.
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WO023. Exploratory Study for Identifying Systemic
Biomarkers that Correlate with Pain Response in Patients
with Intervertebral Disc Disorders
Kathryn Weber1, Cristina Sison1, Mitchell Levine1, Shaheda
Quraishi1, Ona Bloom12, Nadeen Chahine1
1Feinstein Institute forMedical Research, Manhasset, New York, United
StatesQ5Q5

Q5

2

Introduction:Molecular events that drive disc damage
and low back pain (LBP) may precede clinical manifestation of

disease onset and can cause detrimental long-term effects
such as disability. Biomarkers serve as objective molecular
indicators of pathological processes. The goal of this study is to
identify systemic biochemical factors as predictors of re-
sponse to treatment of LBP with epidural steroid injection
(ESI). Since inflammation plays a pivotal role in LBP, this pilot
study investigates the effect of ESI on systemic levels of 51
inflammatory biochemical factors (cytokines, chemokines,
and growth factors) and examines the relationship between
biochemical factor levels andpain ordisability in patientswith
disc herniation (DH), or other diagnoses (Other Dx) leading to
low back pain, which included spinal stenosis (SS) and degen-
erative disc disease (DDD).

Material and Methods: Study participants (n ¼ 16)
were recruited from a Back Pain Management practice. Pain
numerical rating score (NRS), Oswestry Disability Index (ODI),
and blood sampleswere collected pre- and at 7 to 10 days post
treatment. Sampleswere assayed for inflammatorymediators
using commercial multiplex assays. Mediator levels were
compared pre- and post-treatment to investigate the potential
correlations between clinical and biochemical outcomes.

Results: Our results indicate that a single ESI signifi-
cantly decreased systemic SCGF-β and IL-2 levels and in-
creased levels of MMP3. Improvement in pain in all subjects
was correlated with changes in chemokines (MCP-1, MIG),
hematopoietic progenitor factors (SCGF-β), and factors that
participate in angiogenesis/fibrosis (HGF), nociception (SCF,
IFN-a2), and inflammation (IL-6, IL-10, IL-18, TRAIL). Levels of
biochemical mediators varied based on diagnosis of LBP, and
changes in pain responses and systemic mediators from pre-
to post treatment were dependent on the diagnosis cohort. In
theDH cohort, levels of IL-17 andVEGF significantly decreased
and levels of MMP-3 and MMP-9 significantly increased post
treatment. In the Other Dx cohort, levels of IL-2Ra, IL-3 and
SCGF-β significantly decreased post treatment. To determine
ifmediator changeswere related to pain, correlations between
change in pain scores and change in mediator levels were
performed.

Conclusion: Subjects with DH demonstrated a profile
signature that implicated hematopoiesis factors (SCGF-β, GM-
CSF) in pain response, while subjects with Other Dx demon-
strated a biomarker profile that implicated chemokines (MCP-
1, MIG) and angiogenic factors (HGF, VEGF) in pain response.
Our findings provide evidence that systemic biochemical
factors in patients with LBP vary by diagnosis, and pain
response to treatment is associated with a unique profile of
biochemical responses in each diagnosis group. Future hy-
pothesis-based studies with larger subject cohorts are war-
ranted to confirm the findings of this pilot exploratory study.

WO024. Analysis of Serum C-reactive Protein in Patients
with Lumbar Disc Herniation
Aarti Dewan1
1Department of Orthopaedics, Amritsar, Punjab, India

Introduction: We measured the serum concentration
of C-reactive protein (CRP) by a high-sensitive method in
patients with lumbar disc herniation. The level and type of
herniation were evaluated. Inflammatory cytokines, such as
interleukins are produced at the site of disc herniation and are
now considered responsible for the pain perceived by the
patient.Thus, purpose of this study is to test whether HSCRP
can stand as an objective tool to predict postoperative recov-
ery in patients undergoing lumbar discectomy. That is, to
study association between preoperative HSCRP blood level
and postoperative recovery with the help of modified Oswes-
try Back Disability Score.
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Materials and Methods: A study group consisting of 50
cases of established lumbar disc disease and control group of
50 normal subjects, matched with the study group. Both the
study and control groups were subjected to detailed evalua-
tion with the help of modified Oswestry Low Back Pain Scale
both pre andpostoperatively at 4 months, 8 months and 1-
year. The preoperative blood samples were analyzed to assess
the HSCRP concentration. All the cases underwent surgery
over a period .

Results: The level of HSCRP in the study group was
between 0.050– and 0.710 mg/dL and in the control group,
0.005–0.020 mg/dL. There was highly significant positive
correlation between preoperative HSCRP level and postoper-
ative score at p < 0.005. CaseswithHSCRP level in the range of
0.1820 � 0.079 mg/dL, showed better recovery (score im-
proved > 10 points), while those with HSCRP level in the
range of 0.470 � 0.163 mg/dL, showed poor recovery (score
improved < 10 points).

Conclusion: The significantly high concentration of
serum hs-CRP might indicate a systemic inflammatory re-
sponse to impingement of the nerve root caused by disc
herniation and might be a predictor of recovery after
operation.

WO025. Proteomic Analysis of Degenerated Intervertebral
Disc- identification of Biomarkers of Degenerative Disc
Disease and Development of Proteome Database
Veera Ranjani1, Sreemol G.1, Raveendran Muthurajan1, Senthil
Natesan2, Gnanam R.1, Rishi M. Kanna3, S. Rajasekaran3
1Centre for Plant Molecular Biology and Biotechnology, Tamil Nadu
Agricultural University, Coimbatore, Tamil Nadu, India
2Department of Biotechnology, AC&RI, Madurai, Tamil Nadu, India
3Department of Orthopaedics, Ganga Hospital, Coimbatore, Tamil
Nadu, India

Introduction: Low back pain (LBP) is a leading cause of
disability resulting from musculoskeletal disorders among
general population. The life time prevalence of single episode
of low back pain in general population is reported to be
around 80%. It is a leading cause of loss of productivity and
the resulting economic burden due to loss of productivity is
enormous. Degenerative disc disease (DDD) is a leading cause
for LBP however,molecular mechanism underlying DDD are
largely unknown. To date, there are few reports available on
Intervertebral Disc (IVD) proteomics.Hence, weundertook the
analysis of the intervertebral disc using a proteomic based
approach to develop a database which may be helpful to
isolate probable biomarkers and better understand the mo-
lecular basis of DDD.

Methods: Sample for proteomic analysis was obtained
during lumbar discectomy in a case of intervertebral disc
prolapse from a 50 year old female. IVD tissue sample was
pulverizedusing liquid nitrogen and proteins were extracted.
Extracted proteins were subjected to Two-Dimensional Poly-
acrylamideGel Electrophoresis (2D-PAGE) analysis. Reproduc-
ible and abundantly expressed proteins were analyzed using
Matrix Assisted Laser Desorption/Ionisation- Time of Flight
(MALDI-TOF)Mass Spectrometry. The peptide mass finger-
printing data from the MALDI-TOF were analyzed byMASCOT
online tool for the identification of proteins. Database was
developed based on the results obtained from the MASCOT
analysis.

Results: Thirty protein spots were identified from the
degenerated IVD tissuebyproteomic profiling techniques. Out
of these 30 proteins, 25 proteins showed significant matches
against human proteins in the NCBI database; remaining 5
spots did not generate any significant matches. The proteins
which showed a significant match provide authentic evidence

of the presence of these proteins in the IVD. The database was
developed based on a three layer architecture model which
could help investigator identify target proteins consisting of
presentation layer, application layer and the data storage
layer. This database would prove useful in future proteomic
research into DDD.

Conclusion: Following the genomic era, molecular
analysis at the proteomic level is a developing technology.
This technology has the scope to identify the functions of the
differently expressed proteins, from control and degenerated
discs and may provide an opportunity to design novel strate-
gies to treat degenerative disc disease in the future. Our study
provides early data in the field of proteomic profiling in the
clinical disease scenario of DDD.

WO026. Intradiscal Injection of a Slow Release Formulation
of Celecoxib for the Treatment of Dogs with Low Back Pain
Anna Tellegen1, Martijn Beukers1, Alberto Miranda-Bedate1,
Nicole Willems1, Mike De Leeuw2, Maarten Van Dijk2, Laura
Creemers3, Marianna Tryfonidou1, Bjorn Meij1
1Department of Companion Animal Medicine, Faculty of Veterinary
Medicine, Utrecht, The Netherlands
2InGell Labs BV, Groningen, The Netherlands
3Department of Orthopaedic Surgery, University Medical Center,
Utrecht, The Netherlands

Introduction: Intervertebral disc (IVD) disease charac-
terized by low back pain is common in both humans and large
breed dogs. Inflammatorymediators such as prostaglandin E2
(PGE2) play a key role in IVD degeneration, causing structural
changes of the IVD and low back pain. The current conserva-
tive and surgical treatment modalities do not reverse IVD
degeneration andhave certain drawbacks. Long term systemic
administration of non-steroidal anti-inflammatory drugs can
cause gastro-intestinal side effects. Decompressive surgery is
effective in over 80% of the patients, but is rather costly and
has a long recovery period. Injectable formulations that enable
local sustained release of anti-inflammatory drugs aim at
decreasing inflammation and thereby inhibiting degeneration
and pain. In vitro, controlled release of celecoxib, a COX-2
inhibitor, from a thermoreversible acetyl-capped PCLA-PEG-
PCLA hydrogel inhibited PGE2 production and enhanced
matrix production for 28 days in 3D culture of canine nucleus
pulposus cells that were subjected to the catabolic effects of
TNF-α. In vivo, sustained release of celecoxib by the hydrogel
for up to 60 dayswas shown and safely applied intradiscally in
laboratory dogs with naturally occurring IVD degeneration.
The aim of the present study is to report the safety and
feasibility of intradiscal application in client-owned dogs
with low back pain related to IVD degeneration.

Material and Methods: Client-owned dogs with low
back pain were diagnosed by MRI with degenerative lumbo-
sacral stenosis marked bymild to moderate IVD degeneration
and protrusion. The dogs were surgical candidates but were
offered intradiscal injection. The PCLA-PEG-PCLA thermogel,
loaded with 0.013mg/ml celecoxib, was percutaneously in-
jected into the nucleus pulposus of L7-S1 under fluoroscopy
guidance. Follow-up consisted of clinical examination, owner
questionnaires, and objective gait analysis bymeasurement of
ground reaction forces (GRFs) using force plate analysis (FPA)
at 6 weeks, and 3 and 6 months after injection. MRI was
repeated after 3 months and included T2- and T1-weighted
images and T2-mapping.

Results: Ten dogs with DLLS were injected with the
celecoxib-loaded hydrogel. None of the dogs showed adverse
reactions after intradiscal injection. Follow upMRI showed no
worsening of the IVD degeneration. Clinical improvement was
achieved by reduction of low back pain in 9/10 dogs, as was

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S27



shown by clinical examination, force plate analysis and owner
questionnaires. In 3/10 dogs low back pain recurred at 3
months and they subsequently underwent standard-of-care
surgical treatment.

Conclusion: This study showed the safety and feasibil-
ity of intradiscal injections with a thermoresponsive hydrogel
loaded with celecoxib. Ongoing studies concentrate on the
long term clinical follow up of these patients. Future studies
will determine the optimal loading dose of celecoxib for
clinical efficacy. In this setup, the dog can be used as a model
for the development of novel treatment modalities in both
canine and human patients with chronic low back pain.
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WO027. Degradome of the Interverteral Disc
Vivian Tam1, Nestor Solis2, Christopher Overall2, Theo Klein2,
Kenneth Cheung3, Kathryn Cheah1, Danny Chan1
1School of Biomedical Sciences, The University of Hong Kong, Hong
Kong, Hong Kong
2Centre for Blood Research, University of British Columbia, Vancouver,
Canada
3Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, Hong Kong

Introduction: The intervertebral disc (IVD) is a com-
plex structure consisting of the nucleus pulposus (NP), annu-
lus fibrosus (AF) and cartilage endplates (EP), which work
collectively for proper disc function. Both aging and degener-
ation alter thebiochemical andmechanical function of the IVD
– potentially leading to degeneration, which is still not fully
understood. In human IVD, sparsely populated cells embed-
ded within the matrix are responsible for the production of
matrix, of which its upkeep is important for disc maintenance
and function. However, the processes involved with disc
maintenance in the non-degenerated condition, versus those
that lead to IVD degeneration remain to be identified. More-
over, the presence of reported enzymes in the IVD are likely to
contribute to matrix changes by cleaving proteins, thereby
altering protein function, and potentially disc function. Study-
ing the degradome of the IVD may identify fragmented
proteins and enzymes that degrade these proteins and eluci-
date events that occur in IVD maintenance versus IVD degen-
eration, of which cannot be identified by conventional mass
spectrometry techniques. Here, we examined the degradome
of non-degenerated and degenerated IVD using Terminal
Amine Isotopic Labeling of Substrates (TAILS) which facilitates
the enrichment of N-termini peptides of degraded protein
fragments.

Material and Methods: NP and AF isolated from three
non-degenerated IVD and three degenerated IVD were snap
frozen and pulverized in liquid nitrogen. Samples were ex-
tracted with 1% SDS with protease inhibitor. N-terminal
peptides were enriched using the TAILS method. Briefly,
each sample was individually labeled with a Tandem Mass
Tag (TMT) and mixed together at equal ratios. The pooled
samplewas digestedwith trypsin, and the peptides containing
free amines were depleted by polymerization. Samples were
analyzed by mass spectrometry (Bruker Daltonics Impact II
QTOF), and data analyzed using Scaffold Software.

Results: Sixty-one peptides (corresponding to 61 pro-
tein fragments)were identified in theNP samples. Degenerate
NP had more cleaved matrix proteins, including fibronectin,
COMP, and lubricin. In non-degenerated NP, the cleaved
proteins included collagen II and lysozyme. Ninety-one pep-
tides (corresponding to 91 protein fragments) were identified
in the AF samples. Degenerated AF had more cleaved matrix
proteins including COMP and fibronectin, in addition to CILP

and HAPLN1. Non-degenerate AF hadmore cleaved collagen I,
II, and VI.

Conclusion: In degenerate AF and NP, the presence of
more cleaved matrix proteins, particularly those that are
associated with stability, can potentially lead to alterations
in the mechanical properties and function of the IVD. Con-
versely, the cleaved proteins in the non-degenerate tissue
could indicate turnover of proteins associated with maintain-
ing a non-degenerate disc environment (such as collagen II in
NP, and collagens I and II in AF). Understanding the degenera-
tive process and maintenance of the disc via analysis of the
degradome can highlight events that are occurring in health
and in degeneration, in addition to the identification of
enzymes that cleave these proteins, of which are currently
in progress.

Acknowledgment: This work was supported by the
Research Grants Committee of Hong Kong–Theme-based Re-
search Scheme (T-12–708/12N).

WO028. Toll-like Receptor 2 Regulates Nerve Growth Factor
Synthesis via NF-kB Signaling in Human Intervertebral Disc
Cells
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Ouellet1, Laura S. Stone2, Derek H. Rosenzweig1, Lisbet
Haglund1
1McGill Spine and Scoliosis Research Group, Faculty of Medicine,
McGill University, Montreal, Canada
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Introduction: Intervertebral disc degeneration is a
leading cause of chronic low back pain (LBP), but how degen-
eration contributes to LBP is poorly understood. Nerve growth
factor (NGF) levels increase during disc degeneration and
evidence suggests NGF promotes disc innervation, neuronal
sensitization and low back pain, making NGF a possible
therapeutic target. However, current anti-NGF therapeutics
have limited efficacy and safety concerns.Mechanisms leading
to increased NGF in the disc are poorly understood and the
molecular signaling mechanisms regulating NGF in inflam-
matory mediator rich environments, such as a degenerating
disc, are unknown. During degeneration, proteoglycans and
extra-cellular matrix (ECM) proteins are degraded and frag-
mented. ECM fragments can act as endogenous danger signal
ligands for toll-like receptors (TLR). TLR activation induces
cytokine and chemokine expression, and could thus regulate
expression of inflammatory mediators, such as IL-1β or TNFα,
during disc degeneration. NGF is often increased in environ-
ments with elevated levels of inflammatorymediators. There-
fore, we hypothesized that TLR activation in the disc induces
NGF expression.

Materials and Methods: Non-degenerate human inter-
vertebral discs from organ donors without a history of low
back pain were collected for cell isolation. NP and AF tissues
were separated and enzymatically digested. Cells were treated
with IL-1β (control), peptidoglycan (PGN, TLR2 agonist) and
lipopolysaccharide (LPS, TLR4 agonist). Neutralizing antibod-
ies against TLR2 were used to prevent TLR2 activation. Acti-
vated cell-signaling pathways following IL-1β and PGN
treatment were evaluated by western blot and immunofluo-
rescence. Small molecule inhibitors blocking p38 MAPK
(SB203580) and NF-kB (BMS-345541) activity were added
to cell cultures in combination with IL-1β and PGN. NGF gene
expressionwas evaluated by qRT-PCR after 6, 12 and 24 hours,
and NGF protein levels were examined by western blot and
ELISA after 48 hours.
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Results: TLR 2 activation significantly increased NGF
gene expression in NP and AF cells following 6, 12 and 24
hours of treatment, while TLR 4 activation had little effect on
NGF expression. TLR 2 activation significantly increased NGF
protein secretion after 48 hours in NP and AF cells while TLR 4
activation did not increase NGF protein levels. TLR 2 neutrali-
zation with antibodies showed that TLR 2 is required for PGN
induced NGF expression. TLR 2 activation of the p38 MAPK,
ERK1/2, JNK and NF-kB signaling pathways was analyzed
using phosphorylation specific antibodies. TLR activation
increased p38 MAPK, ERK1/2 and p65 (NF- kB pathway)
phosphorylation in disc cells compared with untreated cells.
Furthermore, immunofluorescence found that TLR activation
induces p65 translation to the nucleus, indicative of NF-kB
signaling. Inhibiting NF-kB signaling decreased TLR 2 induced
NGF expression.

Conclusion: This study found that TLR 2 activation
directly regulates NGF expression via NF-kB signaling in
human intervertebral disc cells. These findings represent a
novel regulatory mechanism of NGF in the IVD. In the central
nervous system NF-kB distinct signaling pathways regulate
NGF. Therefore, these finding may provide therapeutic strate-
gies to target NGF and low back pain without affecting the
central nervous system.

WO029. Differential Gene Expression Profiles of Cells from
Normal, Traumatic and Idiopathic Scoliotic Discs Identify
Molecular Dysregulation in Scoliosis
Sibylle Grad1, Ying Zhang1, Olga Rozhnova2, Elena
Schelkunova2, Mikhail Mikhailovsky2, Mikhail Sadovoy2, Lisbet
Haglund3, Jean Ouellet3, Mauro Alini1
1AO Research Institute Davos, Davos, Switzerland
2Novosibirsk Research Institute of Traumatology and Orthopaedics,
Novosibirsk, Russian Federation
3Department of Surgery, McGill University, Montreal General Hospital,
Montreal, Canada

Introduction: The etiology of the spinal deformity in
idiopathic scoliosis is unclear to date, both with respect to
initiation and progression of the disease. While the influence
of certain genetic factors has been established, the role of the
intervertebral disc (IVD) in the development of idiopathic
scoliosis has scarcely been investigated. The aim of this study
was to identify molecular differences between disc cells from
patients with idiopathic scoliosis in comparison with trauma
patients and healthy individuals. To address this aim, cellular
gene expression profiles were analyzed by microarray and
quantitative RT-PCR.

Material and Methods: Surgical samples from IVDs of
patients with idiopathic scoliosis were obtained after in-
formed consent and approval of the local ethical commission
at the time of discectomy during spinal fusion surgery. The
disorder and exact curve patternwere documented for further
records. Control disc samples were obtained from trauma
fusion cases and from organ donors with no known disc
disorders according to local and institutional ethical guide-
lines. Annulus fibrosus (AF) and nucleus pulposus (NP) tissues
were separated and cells were isolated by enzymatic digestion
within 24 hours. Total RNA was extracted from the cells and
subjected to Affymetrix GeneChip® expression profiling.
Genes with significant differences between scoliotic and
control sampleswere further analyzedusing real timeRT-PCR.

Results: After exclusion of RNA samples with insuffi-
cient quality or quantity, the following numbers of samples
were used for microarray profiling: 10 AF and 6 NP samples
from scoliotic discs; 5 AF and 4 NP samples from traumatic
discs; 4 AF and 4 NP samples from healthy discs of organ
donors. Microarray data revealed that 52 genes were more

highly expressed in scoliotic vs. healthy AF and 26 genes in
scoliotic vs. traumatic AF, whereby 21 genes showed higher
expression in scoliotic AF comparedwith both control groups.
In addition, 116 genesweremore highly expressed in scoliotic
vs. healthy NP, 45 genes in scoliotic vs. traumatic NP, and 40 of
those in scoliotic NP compared with both control groups.
Quantitative gene expression analysis by real time RT-PCR
(n ¼ 6 per group) confirmed significantly increased mRNA
levels of S100A8, S100A12, MMP8, MMP13 and Collagen X in
annulus fibrosus cells from scoliotic discs (p < 0.05; Kruskal-
Wallis test of log2 transformed data).

Conclusion: Results of this study reveal significant
changes in the gene expression profile of IVD cells from
patients with idiopathic scoliosis compared with patients
with traumatic disc damage or donors with no known disc
disorders. MMP8 and MMP13 are important collagenases
involved in disc matrix degradation; while elevated S100
calcium binding proteins may indicate an inflammatory reac-
tion. Interestingly, MMP13 has also been up-regulated by
imbalanced loading in an IVD organ culture model. Better
knowledge of the dysregulation of structural or regulatory
molecules may identify underlying mechanisms of spinal
deformities, which will help defining new targets for early
therapeutic intervention.

Acknowledgment: This study is supported by AOSpine
International.

WO030. Effects of Asymmetric Dynamic Loading on
Intervertebral Disc – towards a Scoliosis Mimicking Organ
Culture Model
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Marianna Peroglio1, Mauro Alini1, Sibylle Grad1
1AO Research Institute Davos, Davos, Switzerland

Introduction: The etiology of spinal deformity in idio-
pathic scoliosis is unclear to date. One of the suspected
influences is the asymmetric loading condition involved in
the disorder. The aim of this project is to test the hypothesis
that asymmetric dynamic loading influences the morpholog-
ical and biological characteristics of the intervertebral discs in
scoliosis. The study is performed with organ cultured discs by
using a custom-designed asymmetrical loading device.

Material and Methods: Bovine caudal discs (6–10
months) were used in current study. For symmetric dynamic
loading (Parallel), discs were placed in custom-designed
chambers, and compressed by parallel metal plates in a
Bose mechanical testing device. For asymmetric dynamic
loading (Wedge), a 10° wedge was placed underneath the
discs to mimic the load bearing condition of discs in scoliotic
patients. The discswere submitted to 2 different load regimes:
(1) 1 hour dynamic loading (0.02–0.4 MPa, 1Hz) and 23 hours
free swelling culture for 7 days; (2) 1 hour dynamic loading
(0.02–0.4MPa, 1Hz) and 23 hours static loading (0.2MPa) for 7
days. Disc heightsweremeasuredwith caliper before and after
each loading. After 7 days of culture, gene expression levels of
aggrecan (ACAN), type I and II collagen (COL1 and COL2), IL1,
IL6, and MMP1 in the annulus fibrosus was analyzed by real-
time PCR. Genes that have been found dysregulated in human
scoliotic discs compared with healthy controls were also
measured in the organ cultured discs, including MMP13,
type X collagen (COL10), CXCR4, BMP3, S100A12, and
S100A8 (n ¼ 8).

Results: Disc height showed a constant drop in load
regime 2, while a temporary decrease after 1h dynamic
loading followed by free swelling recovery was noted in
load regime 1. After 7th dynamic loading, the change in shape
was greater in load regime 2 (disc height ratiowedged to non-
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wedged side of 0.81), than that in load regime 1 (height ratio of
0.87, p < 0.05).

Under load regime 2, MMP13 gene expression level
increased 6.1-fold in Wedge disc compared with Parallel disc,
while gene expression levels of COL10, CXCR4, BMP3,
S100A12, and S100A8 were not affected. Gene expression
levels of ACAN, COL1 and COL2 under load regime 1 were
significantly higher compared with load regime 2. Moreover,
discs under load regime 2 showed a trend in higher IL1, IL6,
and MMP1 gene expression compared with regime 1.

Conclusion:Diurnal dynamic loading and free swelling
recovery could maintain the gene expression of organ cul-
tured discs at their physiological level. Diurnal dynamic

loading followed by static loading mimicked a degenerative
condition, as indicated by lower anabolic and higher catabolic
gene expression. These results suggest that recovery of disc
height and morphology after dynamic load may help to
prevent degeneration of discs under constant loading. Asym-
metric dynamic and static loading regime induces an increase
in MMP13 gene expression compared with symmetric load-
ing, which was also observed in a human scoliosis sample
dataset. These results indicate that short-term asymmetric
loading may be used to mimic early changes associated with
the onset of scoliosis.

Acknowledgment: This study is supported by AOSpine
International.
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Posters

Basic Science: Other

WP001. Histopathological Features of Facet Osteoarthritis
in Patients with Lumbar Spinal Stenosis
Cordula Netzer1, Karin Urech2, Thomas Huegle3, RobynMelanie
Benz4, Anna Hirschmann4, Jeroen Geurts3, Stefan Schaeren1
1Department of Spine Surgery, University Hospital Basel, Basel,
Switzerland
2Basel, Switzerland
3Osteoarthritis Research Center, University Hospital Basel, Basel,
Switzerland
4Musculoskeletal Diagnostics, Department of Radiology, University
Hospital Basel, Basel, Switzerland

Introduction: Lumbar spinal stenosis (LSS) is a degen-
erative, age-related narrowing of the lower spinal canal that
causes pressure on the nerves, leading to pain and reduced
mobility. Hypertrophy of ligament flava and facet joints
combined with disc protrusions are a causative for LSS.
Osteoarthritic changes to the facet joint, including joint space
narrowing, subchondral cysts and osteophyte formation are
commonly detected using magnetic resonance imaging (MRI)
and computed tomography (CT) scanning. However, the
pathomechanisms of facet joint osteoarthritis (OA) at a cellular
and molecular level are poorly understood and have been
scarcely studied. In this study we sought to investigate the
histological features and to uncover cellular pathomechan-
isms of facet joint OA.

Material and Methods: Fifteen patients undergoing
surgical decompression due to degenerative LSS were includ-
ed in this study (9 female/6 male, median age 66, range 49–
85). Routine preoperative X-ray and MRI scanning of the
lumbar spine was performed in all subjects. Severity of facet
joint OA was assessed in MRI images using the Weishaupt
grading system for the lumbar spine. The medial portion of
facet joints was collected during surgical decompression of
the spinal canal and processed for tissue histology. Tissue
morphology was evaluated using haematoxylin and eosin
(HE), Safranin-O and van Gieson`s stains. The presence of
macrophages, blood vessels and nerve fibers was investigated
using immunohistological staining for their respective
markers CD68, CD34 and PGP9.5. Functional osteoclasts
were visualized using tartrate-resistant acid phosphatase
(TRAP) staining. Subchondral bone area fraction (B.Ar/T.Ar)
was determined using the ImageJ-plugin BoneJ.

Results: OA was evident in MRI images characterized
by joint space narrowing, bone edema and cysts and hyper-
trophy of articular processes. The severe OA phenotype in
facet joints from LSS patients was confirmed at a histological
level by complete loss of proteoglycan staining, CD34þ vessel
penetration, and fissuring of cartilage tissue. Subchondral B.
Ar/T.Ar ranged between 0.6 and 0.8. In all samples, subchon-
dral marrow spaces contained CD34þ blood vessels and
CD68þ mononuclear macrophages. CD68þ multinucleated
osteoclasts were detected in resorption pits at the bone
surface in 80 percent of the patients. Functionality of osteo-
clasts was confirmed by positive staining of multinucleated
bone cells for TRAP in serial sections. Osteoblast activity was
demonstrated in 60 percent of the patients and predominant-
ly characterized by large areas of intramembranous bone
formation near the osteochondral junction. Formation of an
osteoclast-rich pannus-like tissue was seen in one sample.
Innervation of subchondralmarrowspaces byPGP9.5-positive
nerve fibers was scarce and exclusively found in the vicinity of
arterioles.

Conclusion: Facet joints in LSS patients display radio-
logical and histopathological features of OA. Two major OA
phenotypes can be distinguished based upon cellular patho-
mechanisms in subchondral bone tissue: 1) osteoblast-rich
intramembranous bone formation and 2) osteoclast/macro-
phage rich remodeling. Osteoimmunological mechanisms,
specifically the interaction of CD68þ macrophages with
bone-resident cells, play a – previously unknown – role in
regulating subchondral bone sclerosis in progressive osteoar-
thritis. Targeting osteoimmunology might hold potential as a
disease-modifying treatment for osteoarthritis.

Biomechanics: Other

WP002. Static Test of Flexo Compression in Posterior
Thoracolumbar Spinal Fixation with Conical Cylindrical
Screws
Carlos Mariano Nirino1, Carlos Eduardo Nemirovsky1
1Department of Traumatology, Buenos Aires, Argentina

Introduction: The aim of this paper is to describe the
results obtained of a static test of flexo compression in
polyaxial transpedicular conical cylindrical screws; which
we have used for more than 20 years; in posteriors thoraco-
lumbar spine fixings based on the ASTM F 1717–04 standard.
This trial was made at the National Institute of Industrial
Technology at its Center for Research and Development in
Mechanical in Buenos Aires, Argentina.

Material and Methods: Two spinal fixation systems
were evaluated, both composed by transpedicular conical soul
and cylindrical thread screws, bars and tulips. In Table 1 the
information provided by the manufacturer of the screws and
identification adopted in the test for each sample is presented.

Table 1 Sample identification

Figure 1

A universal testing machine Tinius Olsen H50-KTwas
used for the study. The proposed paragraph 8.1.1 of ASTM
F1717–04 procedure was followed. The assembly of the
samples was performed using the steps proposed by us, the
tulips were set at the distance established by the Standard and
the terminal screw of themwas set by applying a torque of 10
Nm. The assayswere performed at a speed of 10mm /min and
were interrupted when the load drop was observed in the
instant graphic verifying in this way the loss of poliaxiality.
The test setup used and the location of the devices during the
test are shown in Fig. 1.
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Fig. 1 Test configuration used.

The active length of longitudinal component (L) was
revealed (see Fig. 1). From this value the corresponding
displacement of 2% of the permanent deformation was calcu-
lated, Point B =Lx 0, 02 (see Fig. 2). From the assay were
obtained (see Fig. 2): The Load-displacement curve; The
fluence load flexo-compression (N) (point D); The fluence
displacement 2% (mm) (point A)

# the elastic displacement (mm): difference between
the value of point A and point B.

Elastic displacement ¼ Point A-Point B
# the flexo-compression rigidity (N / mm): ratio

between the loading of flexo-compression fluence and the
elastic displacement.

Rigidity ¼ Point D
Point A – Point B
# the final displacement (mm), and
# the final load (N)

Fig. 2 Typical load-displacement curve.

Results: Fig. 3 shows the curve Load versus Displace-
ment obtained for samples 018565- (1–2)

Fig. 3 Curve load versus displacement obtained.

In Table 2 the results are described.
Table 2 Assay results

Figure 5

Conclusion: Screws and prisoners remained adjusted
and therewere not apparent permanent deformation in anyof
the system components. Its cylindrical thread and conical soul
provides a high strength profile improving primary fixation
and the resistance to the pull out. The major diameter of the
soul in the pedicle region increases the bending and the
resistance in fixations without arthrodesis preventing the
breaking of the screw. All tests were performed within the
framework of Management System for Quality Assurance of
INTI-Mechanics.

Degenerative Lumbar

WP003. Utility of Fusion Surgery in Patients with
Degenerative Lumbar Spondylolisthesis and their Outcome
Prof. Md. Shah Alam1, Md. Rezaul Karim1, Sharif Ahmed
Jonayed1, Hasan Khalid Md. Munir1, Asraful Matin1, Shubhendu
Chakraborty1, Tashfique Alam1

1Spine and Orthosurgery, NITOR, Dhaka, Bangladesh

Introduction: Degenerative Spondylolisthesis refers to
slip of one vertebral body over the one below as a result of
degenerative changes in the spine. Mild to moderate symp-
toms are initially treated by conservative means such as
NSAIDs, epidural injections, physiotherapy, etc. But once
patient suffers from severe neurological symptoms like inter-
mittent claudication or vesico-rectal disorder due to spinal
stenosis, it leads the patients to experience surgical proce-
dures. There is no uniform agreement among surgeons about
the optimal treatment. But our experience along with several
high quality studies indicate that surgery provides better
clinical outcome for degenerative spondylolisthesis & that
fusion provides better outcome than decompression alone
which also results a safety profile.
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Material and Methods: A prospective study was de-
signed over 82 patients who had degenerative lumbar spon-
dylolisthesis with severe neurological symptoms. The study
time was from January 2003 to July 2014 in NITOR & BSOH,
Dhaka.We selected the patients for surgery depending on two
major criteria: (1) The patient has clinically important &
significant pain or neurological symptoms; (2) The patient
has not shown sufficient clinical improvement despite con-
servative care at least for 3 months. But we tried to manage
those having significant osteoporosis & infection through
conservative treatment despite fulfilling the above criteria.
Our choice of surgery was TLIF for each patient. The steps
included laminectomy, insertion of cage in the disc space,
interbody chips bone graft surrounding the cage & postero-
lateral bone grafting with fixation of spine by transpedicular
screws & rods. Total follow up time was 11 years & the
minimum follow up time was 6 months. Evaluation of the
patientswas done comparing their pre & post-operative states
which included clinical evaluation, X-ray showing gradual
fusion with special investigation including CT scan & MRI

Results: 82 patients (Female- 51 & male-31) with
average age of 59 years (41–76 years.) having degenerative
lumbar spondylolisthesis with severe neurological symptoms
met the inclusion criteria. Among the patients, 57 had osteo-
arthritis. Total follow up time was 11 years & minimum 6
months. The potential side effects included bleeding, post-
operative infection, nonunion, residual deformity with spinal
stenosis & malposition of screws & rods. The mean anterior
slip was 26.1% (0–50%) prior to surgery & 24.8% at the final
follow up. The longer was the duration of pre-operative insult
to the spinal cord or nerve root, the slower was the rate of
recovery. According to these, the excellent outcome was seen
in 69 patients (84% of cases), fair result was seen in 4 (5%),
good in 5 (6%) & poor result in 4 (5%) cases. Nonunion after
surgery was observed in 3 patients. The Oswestry Disability
Index Scores averages 11.1% (Range 0–62).

Conclusion: Though surgical procedures cannot con-
firm lifelong recovery of the patientswith symptoms, but does
ensure a better and comfortable lifestyle with potential
improvement of leg symptoms in case of degenerative spon-
dylolisthesis. Inspite successful fusion is achieved, better
outcome will be ensured if any kind of activity that may
overload the back is avoided.

Keywords: degenerative spondylolisthesis, selection
criteria, surgery

WP004. Spontaneous Resolution of Sequestrated Lumbar
Disc Herniation: A Prospective Cohort Study
Abolfazl Rahimizadeh1, Mohammad Saghri1
1Iran University of Medical Sciences, Tehran, Islamic Republic of Iran

Objective: Spontaneous regression of sequestrated
lumbar disc well known entity. But, the current reports about
this scenario are confined to case reports or small case series.
To assess the chance of complete spontaneous resolution of
sequestrated lumbar disc herniation and to report the out-
come of regressed cases in a prospective study.

Method: From January 2010 to July 2015, 103 patients
with acute lower limb mono-radiculopathy, but without
neurological motor deficit secondary to a migrated lumbar
disc herniation thought to be a sequestrated free disc frag-
ment were prospectively studied for the possibility of their
spontaneous regression with time. All the qualified patients
initially fulfilled the study criteria. But seven patients were
lost to follow up and 9 more cases preferred to do surgery
within a few days to three weeks after clinical trial. Eighty
seven patients remained for clinical evaluation and periodic
magnetic resonance imaging for the possibility of spontane-

ous regression. These patients include 39 males and 48
females. The age of the patients ranged from 22 to67 years
with the mean of 42.96, SD= 10.65.

Results: In 75 of these cases complete resolution of the
offending disc occurred. This was associated with marked
improvement or even disappearance of pain intensity in short
and mid-term follow-up. Furthermore, where a case of same
level contralateral disc herniationwas seen,not a single case of
same level same side recurrence could be encountered. The
cost of treatment and work status of the patients were
significantly better than surgically treated patients according
to previously published reports . In mid-term follow, recovery
rate (McNab Criteria %) of these 75 patients was either good or
excellent. All thesewere satisfied and recommend this type of
treatment for similar patients. The remaining 12 patients,
ultimately underwent surgery. Surprisingly, all had subliga-
mentous location

Conclusion: This study clarifies that conservative man-
agement might be considered as an appropriated cost-effec-
tive option in treatment of sequestrated lumbar disc
herniation in the patients with minimal neurological im-
pairment, with probably high chance of spontaneous regres-
sion of the offending disc. However, to compare conservative
versus surgery, in this sub-type of disc herniation, further
clinical trials are recommended.

Disc Biologics: Clinical

WP005. Modic Changes in Lumbar Spine: Prevalence and
Genetic Association Analysis through Single Neucleotide
Poymorphism Analysis of 71 Polymorphisms
S. Rajasekaran1, Ajoy Prasad Shetty1, Rishi Kanna1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India

Introduction: A significant association between non-
specific low back pain and Modic changes (MC) have been
described. We hypothesied that a single nucleotide polymor-
phisms(SNP) may be involved in matrix and bonemetabolism
associated changes with modic changes. The present study
purports to evaluate the prevalence of MC and the role of
genetic polymorphisms in 40 candidate genes (including 71
SNPs).

Methods: The study was a cross sectional study per-
formed on 809 patients irrespective of back pain status.
Assessment was performed with MRI evaluation and genetic
association analysis of 71 SNPs belonging to 40 genes. Inclu-
sion criteria for patients were both sexes, age of 18 to 70 years,
no evidence of other spinal diseases, previous surgery &
trauma. The MRI included T1 and T2 sagittal sections of the
lumbar spine.The presence and type of Modic changes & the
genetic association analysis of 71 SNPs was made with refer-
ence to the presence or absence ofModic Changes. Genotyping
of SNPs was performed using the Sequenome® platform.

Results: 809 individuals of mean age 36.7 � 10.8 years
were studied. Based on the presence of MC, the group was
divided into 702 controls and 107 cases. 64 patients had single
level MC (7.9%), 32 had double level (3.9%), 5 had three and
four level MC (0.6%) and one had multi-level MC. Modic
changes were identified in 251 of the 1070 endplates (EP).
MC was more commonly situated in the lower EP (149, 59.4%)
than in the upper EP (102, 40.6%). L4–5 EP were the most
commonly affected level (n ¼ 77, 30.7%) followed by L5-S1
(26.3%), L3–4 (23.9%), L2–3 (12.4%) and L1–2 (6.8%). Type 2MC
was the most commonly observed pattern (n ¼ 206, 82%),
followed by Type 1 (n ¼ 27, 10.8%) and Type 3 (n ¼ 18, 7.2%).
Mirroring endplate MC was observed in 75 discs (29.8%)
among the total 535 discs. SNPs of Vitamin D receptor gene
(VDR) and Matrix Metallo proteinase (MMP20) (p ¼ 0.03)
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were significantly associatedwithMC. SNP of cyclo-oxygenase
gene(COX2) and Insulin Growth Factor Receptor(IGF1R)
(p ¼ 0.03) were significantly associated with Type 2 MC.

Conclusion: The study identifies genetic polymor-
phisms of VDR, MMP 20, COX 2 and IGF1R to be significantly
associated with MC and have not been reported previously.
Understanding the etiopathogenetic of Modic changes would
help us to plan preventive and therapeutic strategies

Disc Biologics: Nonclinical

WP006. Genetic Contribution to Degeneration and Repair
Potentials of the Intervertebral Disc in Mice
Chi Xiong1, Yan Li1, Farroq Muhammad Rai2, Linda Sandell2,
Ying Zhang1, You Qiang Song1, Kathryn S. E. Cheah1, Pak
Sham3, Danny Chan1
1School of Biomedical, The University of Hong Kong, Hong Kong,
Hong Kong
2Department of Orthopaedic Sugery, Musculoskeletal Research
Center, Washington University School of Medicine, St. Louis, Missouri,
United States
3Department of Psychiatry, The University of Hong Kong, Hong Kong,
Hong Kong

Introduction: Intervertebral discs degenerate with age
affected byenvironmental andgenetic factors. Presently, there
are no direct biological cures as the etiology of disc degenera-
tion is still not well understood. Enchantingly, nearly 10%
population are “protected” from intervertebral disc degener-
ation even above the age of 50. It is most possibly ascribed to
genetic causes manipulating disc homeostasis, maintenance
or repair mechanism. The LG/J mice possess outstanding
healing capability for damages to elastic and articular carti-
lages, in contrast to the poor healer SM/J mice. Using these
parental strains of mice and the recombinant inbreeds, we
assessed the potential genetic contributions to degenerative
and protective effects on the intervertebral disc.

Material and Method: The parental LG/J and SM/J mice
together with recombinant inbreeds (RI) LGXSM-6 (80% of LG/
J, 20% of SM/J) and LGXSM-33 (50% of LG/J, 50% of SM/J) were
studied. Tail discs at P10, 4 weeks and 8weeks of age were
assessedwith a quantitative histological degeneration scoring
system that has been established. The genetic regions com-
mon to parental and RIs were assessed with SNP markers for
potential degenerative and protective genes, and functional
relationship to disc biology assessed using gene ontology and
gene network associationwith the variants from the RImouse
panel.

Results: In the absence of any environmental pertur-
bation, SM/J mice display early signs of disc degeneration. In
contrast, the IVD in LG/J mice remained “healthy” at the same
age with vacuolated NP cells, while the nucleus pulposus (NP)
in SM/J are degenerative in nature with an undefined NP
structure that appear fibrotic. Both LGXSM-6 and LGXSM-33
have even higher degenerative scores than SM/J, suggesting
that part of the “protective” loci from LG/J may be absence in
these RIs. A more detailed analysis of the overlapping genetic
region (less than 20% of the whole genome) contains 178 SNP
makers (Herbek et al., 2006) on 87 nearby genes. Unsuper-
vised Gene Ontology analyses identified multiple biology
processes enriched in transportation of ions and lipid, channel
activity and membrane, cytoskeleton organization, immune
response, cell adhesion, migration, cell cycle progression and
posttranslational protein modifications for the set of genes.
Genes that correlated to immune system and skeletal devel-
opment included VDR, Ano6, Mttp, Bmpr, and Cep112 in-
formed to be share high associated or have frequent variation.

Conclusion: LG/J mice have enhanced disc homeostasis
and superior healing potential, with a protective effect against
disc degeneration. Preliminarily analysis of the gene set (87
genes) suggests changes in the transportation of ions and
lipid, and membrane and channel activity may involve in disc
function andmaintenance. The genomic data can also be used
for advanced mapping of the susceptible healing genes iden-
tified in articular cartilage repair. It is also promising to map
this set of genes across the human whole exome sequencing
data that we have generated from 750 individuals for disc
degeneration in our population cohort, including elderly with
a normal (protect) disc to assess their relevance in our human
population study.

Acknowledgment: Thisworked is supported by funding
from AOSPINE(SRN2012_8), and China’s National strategic
basic research program(“973”) Grant2014CB942901.

Disc Degeneration: Clinical

WP007. Outcome and Differences in the Clinical Results of
Three Different Surgical Methods for Lumbar Disk
Herniation
Ali Haghnegahdar1
1Department of Neurosurgery, Neurospine Section, Chamran
Hospital, Shiraz University of Medical Sciences (SUMS), Shiraz, Islamic
Republic of Iran

Introduction:We aimed to study the following gaps in
the literature. (1) Clinical results of spinous process osteotomy
for the treatment of LDH is scarce in the literature. (2) Studies
comparing clinical outcomes between laminectomy and os-
teotomy have not been reported. (3) Results of MAPN with
open techniques have not been compared.

We sought to study the outcome of surgery for LDH by
conducting a comparative study between three different
surgical techniques; we aimed to find whether any of these
approachesweremore efficacious in reducing pain or improv-
ing patients’ quality of life. In addition, factors that could
predict the outcome of LDH surgery were assessed.

Materials and Methods: We evaluated 148 patients
who had operations for lumbar disk herniation from March
2006 to March 2011 using three different surgical techniques
(laminectomy, microscopically assisted percutaneous nucle-
otomy, and spinous process osteotomy) by using Japanese
Orthopaedic Association (JOA) Back Pain Evaluation Question-
naire, Resumption of Activities of Daily Living scale and
changes of visual analog scale (VAS) for low back pain and
radicular pain. Our study questionnaire addressed patient
subjective satisfaction with the operation, residual com-
plaints, and job resumption.

Results: Ninety-four percent of our patients were
satisfied with the results of their surgeries. VAS documented
an overall 93.3% success rate for reduction of radicular pain.
Laminectomy resulted in better outcome in terms of JOA Back
Pain EvaluationQuestionnaire. The outcomeof surgery did not
significantly differ by age, sex, level of education, preoperative
VAS for back, preoperative VAS for radicular pain, return to
previous job, or level of herniation.

Conclusion: Surgery for lumbar disk herniation is
effective in reducing radicular pain (93.4%). All three surgical
approaches resulted in significant decrease in preoperative
radicular pain and low back pain, but intergroup variation in
the outcome was not achieved. As indicated by JOA Back Pain
Evaluation Questionnaire–Low Back Pain (JOABPQ-LBP) and
lumbar function functional scores, laminectomy achieved
significantly better outcome compared with other methods.
It is worth mentioning that relief of radicular pain was
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associated with subjective satisfaction with the surgery
among our study population.

WP008. Phenotype Standardization is the Urgent Need in
Genetic Association Studies of Disc Degeneration - Results of
Analysis of Genetic Association of 71 SNPs with Highly
Specific Phenotypes in 809 Subjects
S. Rajasekaran1, Rishi M. Kanna1, Senthil Natesan2, Raveendran
Muthurajan3, Veera Ranjani3, Kenneth M.C. Cheung4, Danny
Chan5, Patrick Y. P. Kao5, Anita Yee5, Ajoy Prasad1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India
2Department of Biotechnology, AC&RI, Madurai, India
3Centre for Plant Molecular Biology and Biotechnology, Tamil Nadu
Agricultural University, Coimbatore, India
5Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, China
5Genetics Department, The University of Hong Kong, Hong Kong,
China

Introduction: Although the influence of genetics on
etio-pathogenesis of disc degeneration is well recognized,
there is a wide variation in the different genes observed to
have association with disc degeneration. The clinical and
radiographic features of disc degeneration used as phenotypes
are quite variable in previously published studies. It is unclear
whether the variations in genetic association studies depict
variations in ethnicity or selection of phenotypes.

Methods: The purpose of the study was to evaluate the
allelic diversity of 71 SNPs related to six differentMRImarkers
of lumbar degenerative disc disease (annular tear, Pfirmann’s
grading, Schmorl’s nodes, Modic changes, Total Endplate
Damage score and disc bulge) in a single study population,
and analyze how genetic associations can vary in the same
study subjects with the choice of phenotype, based on age and
sequence of selection of study subjects. Genotyping of cases
and controls was performed on Genome wide SNP array to
identify potentially associated disease loci. The results from
the GWAS were then used to facilitate SNP selection and
genotype validation was conducted using Sequenom based
genotyping.

Results: The mean age of 809 subjects (M: 455, F:354)
was 36.76 � 10.8 years (range 10 – 80). Highly significant
association (p < 0.01) was observed with three SNPs of CILP
for disc bulge and rs2249350 of ADAMTS5 and
rs11247361IGF1R for annular tears. Significant association
(p < 0.05) was observed with polymorphisms of VDR and
MMP20 for Modic changes, three SNPs of MMP20 for
Schmorl’s node and SNPs of CALM1 and FN1 for Pfirmann’s
grading. None of the SNPs had significant association with
TEPS. Subgroup analysis based on age (<30, 30–40 and > 40
years) showed new set of genetic associations for all the six
radiographic parameters. Similarly the population was divid-
ed into two groups based on numerical order and the associ-
ation patterns completely differed as compared with the total
group.

Conclusions: In the same study population with DDD,
SNP associations completely change when phenotypes
changed. Variations in age, sequence of study subjects, num-
ber of population apart from radiographic description of DDD
significantly change the genetic association. Based on current
results, it is difficult to consider one set of genes as responsible
for disc degeneration considering these variations. Our study
results demand an urgent need for standardizing the descrip-
tion of DDD, phenotype selection, and study criteria for
genetic association studies.

WP009. Long-Term Follow-up of Disc Degeneration after
Discography: Minimum 5-Year Follow-Up at a Single Center
Experience
Jung-Woo Hur1, Kyeong-Sik Ryu1, Jin-Sung Kim1, Ji-Hoon Seong1
1Department of Neurosurgery, Seoul St. Mary's Hospital, The Catholic
University of Korea, Seoul, Republic of Korea

Introduction: Experimental studies have demonstrat-
ed accelerated disc degeneration after various intradiscal
procedures. However, there are only a few long-term fol-
low-up studies using MRI images to confirm the progressive
disc degeneration after discography. The aim of this study is to
evaluate disc degeneration after discography over 5-year
follow-up and to determine possible risk factors for enhancing
disc degenerations after discography

Material and Methods: 239 subjects with chronic low
back pain underwent multi-level discography to confirm
discogenic pain in our institute from January 2006 to June
2009. Thirty-eight subjects who did not operate due to nega-
tive study with normal (Grade 1 and 2) to moderate (Grade 3)
disc degeneration prior to discography and followed for more
than 5 years were enrolled in our study. The routine multi-
level discography technique and determination of positive
study using original work by Walsh et al was performed in all
study subjects. Pre- and post-discography MRI and CT scan
were analyzed by two blind independent observers to evalu-
ate degree of disc and endplate degenerations. The progres-
sion of disc degeneration was analyzed for correlation with 1)
subjects demographic data, 2) pre-discography disc degener-
ation, 3) levels of discography and 4) discography findings.

Results: Mean age of the subjects at time of discogra-
phywas 38.1� 6.4 years andmean time tofinalMRI follow-up
was 68.0 � 3.1 months. 2-level discography was done in 19
subjects and 3-level in 18; total 92 disc (L2/3: 5, L3/4: 30, L4/5:
36, L5/S1: 21) There was progression of disc degeneration in
23 disc (23.9%); 5 (6.4%) from normal and 18 (19.5%) from
moderate disc degeneration group. There were 16 (17.3%)
new disc herniation and 9 (9.7%) newHIZ, however, therewas
no significant difference between the locations of herniation.
Moreover, the differences of mean disc height and endplate
degeneration were not statistically significant. The progres-
sion of disc degenerationwas significantly higher in young age
group (<35 years), lower level disc group (L4/5 and L5/S1) and
moderate (Grade 3 to 4) disc degeneration group. Multi-level
injection, failed discography (annulography) and higher grade
of discography findings revealed no positive correlation with
progression of disc degeneration.

Conclusion: Diagnostic discography resulted in accel-
erated disc degeneration in 5-year follow-up study. However,
MR findings suggested that annulus puncture with small
gauze needle may not be the cause of new disc herniation.
Younger age, lower level disc and advanced degenerationprior
to discography were the risk factors for progression of disc
degeneration. Careful consideration of risk and benefit should
be used in recommending procedures involving disc injection.

WP010. Use of an Interspinous Device above the Level of
Interbody Fusion: Does it Reduce theWorsening of Adjacent
Segment Degeneration?
Pramod Sudarshan1, Aditya Prasad Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Department of Orthopedics, Apolo Hospitals,
Chennai, India

Introduction: Lumbar fusion in degenerative condi-
tions has universally providedgood results. However, adjacent
segment degeneration, either afresh or worsening of a low
grade degeneration in the segment above has been indicated
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for the pain and low functional outcome on long term follow-
ups. Interspinous implants have been used to off load the
facets and prevent spinal canal narrowing in stenosis with
good results. This paper analyses the novel idea of using an
interspinous device above the level of fusion to decelerate the
physiologic process and reduce the incidence of adjacent
segment degeneration (ASD).

Material and Methods: 12 patients were analyzed in
the study. The inclusion criteria for the study was degenera-
tion of the disc above the level of intended fusion with no or
less than 50% disc height reduction and no nerve root com-
pression. Patients with more than 50% height reduction or
severe arthritic facet joints underwent fusion at two levels and
were excluded from the study. Patients with failed back
syndrome and significant osteoporosis were also excluded
from the study. Coflex (Paradigm) interspinous device was
used in the level above the fusion in all cases. Clinical and
radiographic criteria for ASD was assessed at the latest
followup. VAS and ODI functional outcome was analyzed.

Results: 12 patients with mean age of 63 years who
underwent surgery between September 2012 and March
2014 were analyzed in the study. Mean followup was 27
months (Range 18–36 months). Single level fusion was per-
formed in 9 cases and Two level fusion in 3 cases. Coflex device
was implanted at L3–4 in 8 cases and L4–5 in 4 cases. All 12
patients had a good fusion in the 6 months radiograph. Disc
height improvement was seen in the level above, with no
evidence of stenosis or listhesis at the latest followup. Wors-
ening of already existant ASD in one patient was noticed but
did not require surgical intervention. VAS and ODI showed
significant (p < 0.05) improvement postoperatively. No infec-
tion or reoperation was needed in any of the 12 patients.

Conclusion: ASD remains a significant reason causing
failed back syndrome requiring reoperations in lumbar fusion.
Use of interspinous device not only preserves a motion
segment from fusion, but also shows promise in reducing
the incidence of degeneration above the level of fusion.
Further studies with larger sample size and long term follow-
up is necessary to support the conclusion.

WP011. Surgical Strategy for Thoracic Disc Herniation:
Analysis of 27 Cases Managed with Transthoracic
Microdiscectomy, Lateral Extracavitary Approach and
Arthropediculectomy
Pavel Krotenkov1, Sergey Neckrysh2
1Department of Neurosurgery, Moscow Regional Scientific Research
Clinical Institute, Moscow, Russian Federation
2Department of Neurosurgery, University of Illinois at Chicago,
Chicago, Illinois, United States

Introduction: Surgical management of symptomatic
thoracic disc herniation (TDH) has historically been problem-
atic and technically demanding. Numerous surgical ap-
proaches currently used for the management of TDH can be
categorized as posterolateral, lateral extracavitary and antero-
lateral. The latter group of approaches has optimal character-
istics for the ventral exposure of the spinal channel and is best
suited for resection of central or calcified TDH. However,
posterolateral approaches are still widely used by neuro-
surgeons due to familiarity of the anatomy and less invasive
characteristics. We present an analysis of eight year experi-
ence in the surgical management of TDH, utilizing transtho-
racic microdiscectomy (TTM), lateral extracavitary approach
(LEA) and arthropediculectomy (APE), emphasizing the crite-
ria for selecting an appropriate surgical method.

Material and Methods: The case series included 27
patients operated on between 2009 and 2015. The group was
comprised of 16 men and 11 women, ages 41–66 (mean 52).

Twenty four patients were diagnosed with thoracic myelopa-
thy presenting as weakness in the lower limbs and (or) pelvic
organ dysfunction, three patients presented with radiculop-
athy. Neuroimaging studies included CT and MRI in all pa-
tients. Six patients required MRI with contrast for the
differential diagnosis. Indication for the operation were ra-
diologically established compression of the spinal cord and it’s
neurovascular deravates by the TDH with the clinics of mye-
loradiculopathy Seven patients underwent TTM, six patients
underwent LEA and fourteen patients were operated utilizing
APE. Consideration factors in the selection of the surgical
method included: 1. Neurological symptoms; 2. Type, size,
location and lateralization of the TDH; 3. Consistency of the
TDH; 4. The extent of the spinal cord compressionwith TDH; 5.
Touch area betweenTDHand ventral aspect of the spinal cord;
6. Signs of TDH with dural adherence or transdural penetra-
tion; 7. Comorbidities and body habitus. Patients with lateral
TDHs underwent APE. The ones with medial/mediolateral
TDHs were stratified based upon the extent of TDH calcifica-
tion. Patients with soft herniations were operated on via LEA.
Those with heavily calcified, large or multiple TDHs were
candidates for microdiscectomy via TTM. In patients with
strict contraindications for thoracotomy, APE was performed.

Results: Analysis of preoperative and final follow-up
Frankel grades showed difference in the functional outcomes
of patients after different surgical approaches. Of the 7
patients after TTM, the Frankel grade improved to E in 5
(74%), reached grade D in 2 (26%) and worsened in 0%. Results
of LEA showed improvement to grade E in all 6 (100%)
patients. Ten (72%) patients operated via APE improved to
grade E, 3 (28%) patients improved to lesser degree. The
approach associated morbidity in our series averaged 7% for
TTM, 6,5% for LEA and 5,5% for APE (p > 0,05).

Conclusion: TTM allow excellent exposure of the me-
diolateral TDHs and is also the best choice for multiple/
calcified TDHs in association with osteophytes. LEA provides
more lateral access toTDH but entails larger osteoligamentous
resection and blood loss, leading to highmorbidity. APE is best
suited for lateral, soft TDH or for medically compromised
patients with contraindication for thoracotomy.

WP012. Microdiscectomy Results using the Caspar
Technique
Tomaz Velnar1, Gorazd Bunc1
1Department of Neurosurgery, Maribor, Slovenia

Introduction: The degenerative disease of the interver-
tebral disc and back pain are chronic conditions and represent
an important cause of morbidity and mortality. Treatment of
lumbar radicular compressive syndromes is described, as well
as the success of microsurgical procedure according to the
Caspar technique.

Material and Methods: In the prospective study, 100
patients were included. All suffered from the radiculopathy
due to the nerve compression. Conservative treatment was
not successful and operation was then performed. The follow
up of patients was evaluated from 1 to 3 years after the
operation, the average time was 17 months.

Results: The results showed excellent outcome in 67%,
good outcome in 28%, fair in 1% and poor in 3% of patients. One
patient died one month after the operation due to unrelated
reasons and was not included in the final assessment. Thus,
the total result was satisfactory in 95%.

Conclusion: The results of microsurgical approach
showed that the efficiency of such operation in this series
can be compared with similar results elsewhere according to
the international criteria (88% to 98%). The successfulness of
the microsurgical method is due to gentle tissue handling,
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especially with respect to the nerve structures in the spinal
canal and considerably smaller injury if muscles and bone.
This is achieved by better visibility and field magnification
with the operative microscope.

WP013. The Stand-Alone Cervical Cages with Integrated
Screw Fixation: Results in 315 Consecutive Operated Levels
Hussien El-Maghraby1, Shabin Joshi1
1Department of Neurosurgery, University Hospitals, Coventry, United
Kingdom

Introduction: Background: Cervical disc disease at C2/
3, C3/4 and C7/T1 is less common. Fusionwith cages & plating
is the standard treatment at these levels and inmulti-level disc
disease. This is notwithout significant risks related to the need
of larger exposure and anterior muscular dissection. Stand-
alone cages with integrated screw fixation obviate the need
for plating and larger exposure.

Material and Methods: To assess the exposure / cage
related morbidities and fusion rates in Stand-Alone cervical
cages with Integrated Screw Fixation. Design: Retrospective
chart review. Subjects: 315 levels were operated in 253
patients from February 2009 to February 2015. Single and
Multilevel cages were performed in 201 and 52 patients
respectively. 201 of the 253 patients underwent single level
discectomy with Stand-Alone cervical cages with Integrated
Screw Fixation at C3/4 and C7/T1 levels. 52 patients under-
went 114 multi-level discectomies with Stand-Alone cervical
cages with Integrated Screw Fixation

Results: Operative time was shorter. There was no
reported permanent exposure/ cage related morbidities in
all operated levels. 3 patients with traumatic disc disruption
required further surgery for lateral mass fixation. 12 patients
had mild dysphagia that resolved during follow up with no
patient having complains of dysphagia at 3-months follow up.
Fusion rates were 95% at single level and 90% at multi-level
discectomies at the last follow up. No patient required cage
related surgical revision.

Conclusion: The current results support the use of
Stand-Alone cervical cages with Integrated Screw Fixation
especially at difficult levels at C3/4 and C7/T1 and in multi-
level discectomies as it obviate the need for plating and larger
exposure with less reported dysphagia and implant related
complications.

Disc Degeneration: Nonclinical

WP014. Discectomy-Related Information on the Internet:
Does the Quality Follow the Surge?
Gerard Sheridan1, Yahya Elhassan1, Nassiri Mujtaba1, Sulman
Mugtaba1, Pat Kiely1, Jacques Noel1
1Department of Orthopaedics, Tallaght Hospital, Dublin, Ireland

Introduction: Over 2.5 billion users search the internet
world wide. 70%- 80% look at health related information, yet
no standards exist regarding the publication of medical
literature on the internet. The quality of health information
is of much concern and an emphasis on appraisal of internet
Web sites is needed. We aim to look at the quality of health
information on the internet relating to discectomy using
various standardised tools and scoring systems.

Material andMethods: The threemost commonly used
search engines were identified and a search for “Discectomy”
was performed on each. Two reviewers categorized the most
popular Web sites according to their types and the quality of
eachwas assessed using recognized scoring systems including
the Journal of the American Medical Association (JAMA)

benchmark, DISCERN and a novel Discectomy-specific content
score. The quality of the information was also assessed
according to the presence or absence of the Health on the
Net (HON) code, a reported quality-assurance marker.

Results: Results confirmed that 53 websites were iden-
tified, and analyzed. Commercial Web sites were predominant
at 24, 7 were governmental, 6 were produced by physicians,
none were produced by allied health professionals, 3 were
academic, 4 were public health information Web sites, 4 were
attached to social media and discussion groups, 3 were media
related, and 2 were unspecified. Using the 3 scoring systems
mentioned above as a quality marker, internet sites with a
'Health on the Net' (HON) code demonstrated significantly
higher quality than those without the code (p < 0.0001).
Public health information Web sites attained the highest
overall DISCERN and Discectomy-specific scores followed by
the Governmental & Non-Profit Organizations Web sites.

Conclusion: The overall quality of information regard-
ing discectomy remains poor and variable despite an expo-
nential increase in the number of users and Websites, with a
slight trend toward improvement. Only 20% to 30% are of good
quality, compared with that 10 years ago (<10%). Presence of
Health on the Net code is a very reliable marker for health
information quality.

WP015. The Role of Caveolin-1 in Intervertebral Disc
Degeneration and Regeneration
Frances Bach1, Ying Zhang2, Lucy Verdondschot1, Alberto
Miranda Bedate1, Laura Creemers3, Keita Ito4, Björn Meij1,
Daisuke Sakai5, Danny Chan2, Marianna Tryfonidou1
1Faculty of Veterinary Medicine, Utrecht University, Utrecht, The
Netherlands
2Department of Biochemistry, The University of Hong Kong, Hong
Kong, Hong Kong
3Department of Orthopaedics, University Medical Center Utrecht,
Utrecht, The Netherlands
4Orthopaedic Biomechanics, Department of Biomedical Engineering,
Eindhoven University of Technology, Eindhoven, The Netherlands
5Department of Orthopaedic Surgery, Tokai University School of
Medicine, Isehara, Japan

Introduction: During intervertebral disc (IVD) degen-
eration, the main cell type in the nucleus pulposus (NP) shifts
from notochordal cells (NCs) to chondrocyte-like cells (CLCs).
Microarray analysis revealed that caveolin-1 expression was
correlatedwith IVD degeneration. The aim of this studywas to
determine the role of caveolin-1 in NC and CLC physiology to
assess its potential role in IVD regeneration.

Material and Methods: Protein expression (caveolin-1,
apoptosis, progenitor cell markers, extracellular matrix, TGF-
β-signaling pathway) was determined in IVDs of wild type
(WT) and caveolin-1 knockout (KO) mice and canine IVDs of
different degeneration grades (immunofluorescence, immu-
nohistochemistry, TUNEL assay). Micro-aggregate cultures of
CLCs from canine and human degenerated IVDs (Thompson
grade III) were treated with chondrogenic medium (incl. TGF-
β1) alone or in combination with (a) caveolin-1 scaffolding
domain peptide (CSD) and/or (b) siRNA against caveolin-1.
DNA, glycosaminoglycan (GAG) content, collagen type I and II
immunohistochemistry and gene expression profiling (RT-
qPCR) for extracellular matrix production/degradation-, cell
proliferation- and apoptosis markers was performed.

Results: The NP of WT mice was rich in viable NCs,
whereas the NP of caveolin-1 KO mice contained more colla-
gen type II-rich matrix and less cells together with an in-
creased progenitor cell surface marker (Tie2þ/GD2þ)
expression and a higher apoptotic activity. Caveolin-1 expres-
sion increased in the later stages of canine IVD degeneration,
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together with a significantly increased apoptotic activity.
Caveolin-1 knockdown significantly decreased GAG deposi-
tion in the CLC aggregates (6–14%), whereas CSD treatment
significantly rescued and increased GAG deposition (11–16%).

Conclusion: Caveolin-1 plays a crucial role in preserva-
tion of NCs, underscored by the NP phenotype of caveolin-1
KOmice. Caveolin-1may be relatedwith cell senescence given
its increased expression in degenerated IVDs. However, cav-
eolin-1 knockdown decreased extracellular matrix produc-
tion,while CSD supplementation rescued this effect. The latter
implies that CSD may be a useful disease modifying agent
since it is known to influence degeneration-related signaling
pathways (incl. TGF-β signaling). Altogether, this indicates that
the increased caveolin-1 expression during IVD degeneration
may also be a repair mechanism rather than being merely a
senescence marker.

Acknowledgment: This work was supported by AO-
Spine Research Network grants (SRN2011_11, AOSPINE
106540) and the Dutch Arthritis Foundation (LLP22).

Imaging

WP016. New 5-Grade Scale for Anterior Fusion Estimation:
Validation for Infectious Spondylitis
Alexander Mushkin1, Ivan Baulin2, Gavrilov Pavel2, Sovetova
Nina2, Denis Naumov1
1Pediatric Surgery Clinic, Science-Research Institute of
Phthisiopulmonology, St. Petersburg, Russian Federation
2Radiology Department, Science-Research Institute of
Phthisiopulmonology, St. Petersburg, Russian Federation

Introduction: Fusion status assessed using plain radio-
graph or CTs, according to the 4-grade scale published by
Bridwell et al (1995). Unfortunately, this method is based on
the measuring of bone density and bone sclerosis and it’s not
completely definite for dynamic analysis, especially for early
post-op period.

Methods: 5–grade scale based on the quantities evalu-
ation characterized by implant’s position between vertebral
bodies and descriptive characteristic of the zone between
transplant(implant) and implant site. 1 grade – dislocation of
the transplant (implant): one or both ends are dislocated from
the vertebral end plate(s); 2 grade – transplant (implant) is
located between vertebral bodies, the size between blocked
vertebra and end of transplant � 3 mm; 3 grade – transplant
(implant) is located between vertebral bodies, the size be-
tween blocked vertebra and end of transplant 1�…� 3mm; 4
grade – the diastasis between vertebra and transplant (im-
plant) is not visualized; non-clear bone structure of fusion
zone; with local sclerosis (similar to the grade 2 according
Bridwell’s scale); 5 grade – structural bone block with a clear
bone trabeculars between transplant (implant) and contacted
vertebral body (similar to the grade 1 according Bridwell’s
scale).

Results: 109 patients aged from 21 till 76 years (aver-
age - 59,2 years) were included into prospective CT-study 3, 6,
12 months post-op. All patients were consequently operated
between 2010 – 2013 in one clinic. Indications for surgerywas
chronic spinal infections (TB or osteomyelitis) with un-effec-
tive previous course of conservative treatment. According to
the variant of anterior fusion patients were divided into 2
groups: group 1 (n ¼ 40) - autologous bone graft; group 2
(n ¼ 69) – autologous bone graft inserted into the titanium
mesh cage. Fusion was estimated separately for cranial and
caudal contact zone. Statistically confirmed differences be-
tween compared groups in fusion status in early post-op (3
and 6month) evaluation. The results weremore differential in

compare with Bridwell’s scale. The differences completely
disappeared till 12 month after surgery.

Conclusions: New 5-grade scale for anterior fusion
estimation doesn’t depend on the technical characteristic of
CT-images; it is more objective for estimation of early results
of spinal reconstruction. The proposed method could bemore
informative for comparative studies of the different spine
pathologies.

Novel Technologies: Clinical

WP017. The Experience of Eggshell Technique during
Kyphoplasty to Prevent Cement Leakage in Treatment of
Osteoporotic Vertebral Fracture
Haoju Lo1
1Department of Orthopedic, Taipei City Hospital, Taipei, Taiwan,
Province of China

Introduction: Osteoporosis is the big problem in the
aging human. Among these osteoporotic related fractures,
vertebral compression commonly is the main one. Pain and
disability pose major problems in these patients. To restore
the vertebral height for driving physical stiffness, and loading
bearing toward normal limited and control the pain, kypho-
plasty with variable filling materials (PMMA, CPC etc.) have
been used for the treatment. For decreasing the rate of PMMA
leakage in various wall injuries in vertebral compression
fracture, we performed kyphoplasty with modified eggshell
technique in different characteristics of vertebral wall.

Material and Methods: Twenty-four symptomatic ver-
tebral fractures were enrolled. Visual Analogue Scale, the
Oswestry Disability Index and Vertebral Wall Injury Score
were assessed. The vertebral height loss and changes of
kyphotic angle were also recorded by plain X-ray. Three-
dimensional CT will be arranged for evaluating the condition
of deficiency vertebral wall and central body collapse if need.
After creating cavity by percutaneous bipedicular balloon
device, PMMA was injected into weak wall site according
the pre-operative evaluation or intra-operative finding. The
balloonwas once again introduced into the created cavity and
inflated to achieve the PMMA shield (regional egg-shell
method). Then the PMMA or other materials as CPC materials
will be continuously to be fill into the left space. Outcome, fill
materials leakage condition, X-ray and CT were reviewed
postoperatively.

Results: Symptomatic cement extravasation related
complications or leakage on X-raywere not observed in follow
up. Only one adjacent compression fracture was happened in
one month. Improvement in vertebral height and the mean
kyphotic angle was also noted. The mean VAS and ODI
decreased significantly from pre-operation to post-operation
(p < 0.05). TheVertebralWall Injury Score reviews also told us
the eggshell technique is fit for multiple conditions of wall
injury

Conclusion: It’s always concerned for the leakage of
PMMA during spine surgery. There are many options of new
implant for decreasing the rate of leakage. Greene introduces
the eggshell technique in 2007, they used the eggshell idea to
cover the possible leakage site. They had only 7 patients and
those possible cortical defects were noted over superior
endplate or lateral wall in their paper. According to our
experiences in kyphoplasty with this regional eggshell tech-
nique in our 24 patients with various wall injuries. The
technique is a safe and significantly functional works for
decreasing the leakage of PMMA in various wall injury con-
ditions with experienced surgery operator.
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Spine Biologics, Bone: Clinical

WP018. A Study of Sacral Anthropometry to Determine S1
Sacral Screw Placement for Spinal Lumbosacral Fixation in
the Korean Population
Kee-Yong Ha1, In-Soo Oh1
1Department of Orthopaedic Surgery, College of Medicine, The
Catholic University of Korea, Seoul, Republic of Korea

Introduction: There are various methods of S1 ped-
icular screw fixation, and every method has its own advan-
tages and disadvantages. But, anatomical variation of the
posterior superior iliac spine (PSIS) was not considered in
anymethod. Therefore, little is known about the safe angle for
screw fixation in the Asian population.

Material and Methods: We performed our study in
160 sacra including the pelvic ring obtained from 80 Korean
cadavers. The bony measurements were obtained by per-
forming 1 mm computed tomography (CT) cuts from the L5
lumbar vertebra to the pelvic ring and excluding other
structures. We evaluated the incidence of anatomic varia-
tion of the PSIS and measured the safe marginal length and
angle for screw fixation considering the PSIS and course of
the external iliac vein, using a Korean sacrum model.

Results: Our study showed that the closed type of PSIS
is more frequent in males than in females. The optimal angle
for screw fixation is 16.91 � 6.85 (°), while the Lt. side S1
pedicle insertion angle (SPIA) is 16.00 � 6.20 (°). The average
Korean optimal screw length is 58.35 � 14.90 (cm) for the Rt.
Side and 55.89 � 16.16 (cm) for the Lt. side.

Conclusion: With reference to these parameters, the
optimal screw length and angle can be chosen and bicortical
anteromedial screw fixation can be easily and safely performed.

Spine Biologics, Bone: Nonclinical

WP019. Effects of Long-Term Exposure of Exogenous
Advanced Glycation Endproducts on Vertebral Bone
Microarchitecture; Sex-Differences on Structure Derived
Mechanical Properties
William F. Kindschuh1, Paolo Palacio-Mancheno1, Xue Chen1,
James C. Iatridis1, Svenja Illien-Junger1
1Leni and Peter W. May Department of Orthopaedics, Icahn School of
Medicine at Mount Sinai, New York, New York, United States

Introduction: Accumulation of advanced glycation end
products (AGE) are commonly associated with diabetic com-
plications, including increased painful intervertebral disc
pathologies, osteoporosis, and bone fracture risk. Exogenous
AGEs develop byprocessing food at high temperatures and can
accumulate in bone where they crosslink collagen. A clinical
study reported association of increased serumAGE levelswith
vertebral fracture risk in women but not in men, highlighting
gender effects. The purpose of this studywas to investigate the
sex-dependent effects of exogenous AGEs on vertebral bone
quantity, quality, and mechanical behavior.

Material and Methods: C57BL/6 mice (female, n ¼ 8/
group; male, n ¼ 4/group) were pair-fed isocaloric diets con-
taining lowAGE amounts (LAGE, 7.6 μg/mg chow) or high AGE
amounts (HAGE, 40.9 μg/mg chow) for 6 months; after
euthanasia, blood glucose and serum AGEs were analyzed.
Lumbar spines were μCT-scanned (resolution=4.9μm; Sky-
Scan 1172, Bruker Corp., Belgium). Hydroxyapatite phantoms
were similarly scanned for density calibration. Cortical bone
analysis included tissue mineral density (TMD), BMD, cross
sectional thickness (Ct.Th), bone surface are (BSA) and porosi-
ty. Trabecular bone analysis included trabecular thickness,
separation (Tb.Sp), number (Tb.Nm), TMD, BMD, BVF, bone

surface to volume ratio (BS/BV), Structure Model Index (SMI)
and fabric anisotropy. Avalidated analyticalmodelwas used to
calculate trabecular bone anisotropic compressive and shear
moduli. Male/female and HAGE/LAGE differences were ana-
lyzed via Student’s t-tests (p < 0.05). All experiments were
approved by the Institutional Animal Care and Use
Committee.

Results: Serum AGE levels were significantly in-
creased in female HAGE mice compared with LAGE mice
(p < 0.01). No differences were observed between blood
glucose levels among groups. Dietary comparisons indicat-
ed that female trabecular BS/BV and porosity were signifi-
cantly increased by HAGE-diet whereas trabecular BMD,
compressive and shear moduli, and cortical BMD were
decreased. In males dietary comparisons revealed only a
significant increase in trabecular porosity. Male cortical
bone remained unchanged. Sex comparisons within LAGE-
diet group revealed that female trabecular bone had signifi-
cantly reduced Tb.Nm, BMD, degree of anisotropy, compres-
sive and shear moduli, and significantly increased Tb.Sp,
porosity, and SMI comparedwith LAGEmales. LAGE females
also had significantly decreased cortical BSA and signifi-
cantly increased Ct.Th compared with LAGE males. Sex
comparisons of female versus male HAGE-diet groups re-
vealed no significant differences.

Conclusion: Results indicated more pronounced detri-
mental effects on cortical and trabecular bone in females on
HAGE-diet than inmales. These sex-dependent effects suggest
that AGEs effects on vertebral bone may be hormonally
mediated. This work showed for the first time significant
alterations to the elastic compressive and shear properties
of vertebra following variations in dietary AGE levels. Changes
in trabecular architecture and densitymanifested as function-
al changes, especially in females, warranting further post-
yield and fracture analysis. Importantly, this study investigat-
ed the sex dependent effects of AGEs on vertebral bone quality
and quantity independent from serum glucose (diabetes).
Further research of AGE effects on cell turnover and cellular
modifications to bonemicroarchitecture andmineralization is
necessary to validate the link between changes in bone
quality, quantity and function.

Spine Biologics, Other: Clinical

WP020. Neural Stem Cells Transplantation as a
Neuroprotective Strategy for Amyotrophic Lateral Sclerosis
(ALS)
Sandro Carletti1, Rossella Rispoli1, Alessandro Di Chirico1,
Cristina Spera2, Lorenzina Bolli3, Maria Laura Scarcella4,
Domenica Frondizzi4, Giuseppe Stipa4, Letizia Mazzini5,
Maurizio Gelati6, Angelo Vescovi4
1Department of Neurosurgery, Terni, Italy
2Department of Neurology, Terni, Italy
3Department of Neuroanesthesiology, Terni, Italy
4Terni, Italy
5Department of Neurology, Novar, Italy
6Department of Neurobiology, Terni, Italy

Introduction: Amiotrophic lateral sclerosis (ALS) is a
neurodegenerative diseasewith a prevalence rate of up to 7.4/
100,000 and the overall riskofdevelopingALS over a lifetime is
1:400. Most patients die from respiratory failure following a
course of progressive weakness. There is no effective therapy.
Novel therapeutic strategies might be directed at replacing or
repairing the damagedmotor neurons; Cell therapy is emerg-
ing as a potential therapeutic option in ALS. The primary
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objective of our study was to verify the safety and tolerability
of transplantation of human fetal neural stem cells (hNSCs)
directly into the spinal cord of humans. The study was
approved by the SuperiorNational Health Institute.

Material and Methods: 18 patients with definite ALS
were recruited and treated. Patients were included if they had
ALS of spinal onset with severe functional impairment of the
lower limbs and mild functional impairment of the upper
limbs without signs of respiratory failure. The patients were
monitored by clinical evaluation which included the ALS-FRS
scale, Norris score, bulbar score, and MRC strength scale.
Respiratory assessment included clinical evaluation, pulmo-
nary function tests, arterial blood gases analysis, and noctur-
nal cardio-respiratory monitoring. Neurophysiological
assessments were made including EMG, and somatosensory
evoked potentials. The neuroradiological assessment con-
sisted of MRI of spinal cord and brain before and after
Gadolinium DTA infusion. A clinical psychologist performed
psychological evaluation including an interview and psycho-
logical tests. Human fetal brain tissue specimens, all derived
from the forebrain, were routinely collected from fetuses at
gestational ages greater than the 8th post-conceptional week.
They were immediately dissected and used to generate hNSC
lines under sterile conditions. Dissociation of brain tissue,
primary culturing and cell propagation were performed ac-
cording to the procedure described previously by Vescovi and
colleagues. Six patients received hNSCs microinjections into
the dorsal (T7-T9) cord tract (3 of them received unilateral
hNSCs microinjection while the remaining ones received
bilateral microinjections); the other twelve patients received
hNSCs microinjections into the cervical (C5-C6) cord tract (3
of them received unilateral hNSCs microinjection while the
remaining ones received bilateral microinjections).

Results: No patients manifested severe adverse events
such as death, respiratory failure or permanent post-surgical
neurological deficits. Minor adverse events were: intercostal
pain (2 patients)whichwas reversible after amean period of 3
days after surgery, arm and leg sensory dysesthesia (6 pa-
tients) which was reversible after a mean period of 6 weeks
after surgery. No patient manifested bladder and bowel
dysfunction, or arm and leg motor deficit. All patients showed
a good acceptance of the procedure and no significant mod-
ifications of the psychological status or quality of life were
observed.

Conclusions: Our results appear to demonstrate that
the procedures of fetal stem cells transplantation into the
spinal cord of humans are safe and well tolerated by ALS
patients. The minimal side effects and the absence of detri-
mental effects on neurological function support further re-
search in stem cell transplantation in carefully monitored
patients with ALS.

Surgical Complications

WP021. Neurological Complications of Multisegmental
Spine Reconstruction in Children: Post-Op Spinal Cord
Electrical Stimulation (SCES) and Training Decrease Motor
Deficit
Elena Shapkova1, Dmitry Emeljannikov1, Ekaterina Shtyrina1,
Alexander Mushkin1
1Pediatric Surgery Clinic, Science Research Institute of
Phthisiopulmonology, St. Petersburg, Russian Federation

Introduction: Risk of severe neurological complica-
tions after spinal reconstruction depends on the age of
patient, plane, magnitude and rigidity of deformity; repeated
operation and pre-op myelopathy increases the risk of com-
plications up to 25% (L.G.Lenke, 2011). Reversibility of severe

myelopathy is still under discussion. The purpose of study is to
present method and outcomes of intensive post-surgery
rehabilitation performed in 9 children with neurological
complications of spine reconstruction.

Material andMethods: Design: prospective one-center
observations study. 8 cases of post-op myelopathy were
revealed after 112 multisegmental (two and more segments)
spinal reconstructions in patients aged from 1 till 15 years
during 2012–2015. One more patient was admitted from
another hospital. Reconstruction was done in cervical-thorac-
ic (3), thoracic (5) and lumbar (1) spine including TB spondy-
litis (5), neurofibromatosis NF1 (1), congenital abnormality
(2), and aggressive hemangioma (1). Pedicle screw malposi-
tion caused complication in one case, no surgical mistake was
found in others. Neurological deficit preexisted in 6 and
appeared in 3 patients reaching after surgery type A (7),
type B (1) and C (1) on Frankel scale. Rehabilitationwas begun
on the second/thirdweeks after surgery in 5, amonth or later -
in 4 patients. Course lasted 3 weeks (2), 5–10 weeks (6), and
more (1). Neurological changes was assessed by Frankel, ASIA,
Ashworth scales; excitability of spinal motoneurons - by H-
reflex and posterior root polysegmental responses. Voluntary
and stimulation-evoked movements were documented by
video and EMG-records.

Results: The program included the spinal cord electri-
cal stimulation (SCES) (except 2 patients with NF1 and hem-
angioma), apparatus-performed afferent stimulation of the
foot supporting zone (“Korvit,” Russia), and muscle spindles
activation by the rhythmic passive legs “stepping” (“KRV-4,”
Russia). SCES was performed transcutaneously via two chan-
nels: 1) upper and lower to the damage zone, with cathode (-)
at the C6–7 and anode (þ) at the Th11 vertebrae level; 2) to the
locomotor zone in lumbar enlargement, with (-) at Th12 and
(þ) on the abdomen, with rectangular pulse (0.5 milliseconds
duration) by the rates 1 and 3–5 Hz, with power of 1.4 -1.8MT
(65–45mA), 40–60 minute per session (patent RU 2204423
C2). Motor program included tetra- and bipedal treadmill and
ground walk, cycling and postural training with full and
limited body weight support, with total duration 2–6 hours
a day. All patients transferred from flaccid to spastic state,
with increase of reflexes and muscle tone. Ability for tetra-
pedal stand andwalk were reached in 9/9 cases, for supported
stand in 7/9. The patient with incomplete paralysis improved
from C to D on Frankel. Initially completely paralyzed patients
restored locomotor ability up to overground and upstairs walk
(A to D, 3 pts), supported treadmill walk (A to C, 2 pts), with
ASIA motor scale increase to 14–18 points. Two patients
transferred from A to B grade only.

Conclusions: SCES combined with afferent stimulation
and intensive training being performed at early post-op period
decrease neurological deficits and contribute to the motor
recovery in children with neurological complications caused
by spinal reconstruction.
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GO001. Characterization of Distribution of Segmental
Changes in Cervical Alignment after Lumbar Pedicle
Subtraction Osteotomy
Tamir Ailon1, Justin Scheer2, Christopher Shaffrey1, Virginie
Lafage3, Themistocles Protopsaltis4, Christopher Ames5,
International Spine Study Group6
1Department of Neurosurgery, University of Virginia Medical Center,
Charlottesville, Virginia, United States
2University of California San Diego School of Medicine, La Jolla,
California, United States
3Department of Spine Research, Hospital for Special Surgery, New
York, New York, United States
4Department of Orthopedics, NYU Langone Medical Center's Hospital
for Joint Diseases, New York, New York, United States
5Department of Neurosurgery, University of California, San Francisco,
San Francisco, California, United States
6International Spine Study Group, Brighton, Colorado, United States

Introduction: Adult spinal deformity (ASD) patients
with positive sagittal malalignment develop compensatory
cervical hyperlordosis to maintain horizontal gaze, which
spontaneous improves following lumbar PSO. We sought to
characterize the segmental distribution and characteristics of
these reciprocal changes in a similar patient group.

Material andMethods: Change in cervical radiographic
measures from baseline to 6 weeks postop in 27 patients who
underwent lumbar pedicle subtraction osteotomy (PSO) for
correction of sagittal malalignment was assessed. Parameters
included: C2–7 sagittal vertical axis (C2–7 SVA), C2-S1 SVA,
C7-S1 SVA, pelvic incidence-lumbar lordosis mismatch (PI-LL)
pelvic tilt (PT) and T1 and T9 spino-pelvic inclination (SPI). The
cobb method was used for: occiput (C0)-C2, C2-T1, C2-C7.
Harrison method for: Segmental angles between C2-T1. Ver-
tebral body slopes were measured at the occiput (C0S), axis
(C2S), T1 (T1S) and S1 (SS).

Results: All thoracolumbar parameters significantly
improved to below established alignment thresholds: C2-S1
SVA (146/47mm), C7-S1 SVA (119/17mm), PI-LL (34.9/1.3
deg), PT (30.2/19.7 deg) (p < 0.001). C2–7 SVA did not signifi-
cantly change. Mean cervical lordosis (C2–7) decreased (19.9–
14.1,p ¼ 0.05, range 27.4, -40.9). Majority of the reciprocal
decrease in C2–7 occurred at C3–4 (59.1%) and C4–5 (27.2%,
Figure) with little at C5/6 (13.6%) and none at C6/7. Mean
lordosis increased 1 deg at C2/3. There was an additional 1.3
deg decrease at C7-T1, accounting for 16.5% of the total
decrease in C2-T1 angle (-6.9 deg). The C0-C2 angle increased
1.6 degrees. C2S and SS increased 5.8 and 10.3 deg, respec-
tively (p < 0.005) whereas C0S and T1S did not change
significantly.

Conclusion: Following successful correction of positive
sagittal malalignment, reciprocal changes in cervical align-
ment ensue. The majority of relaxation in hyper-lordosis
occurs at C3–4 and C4–5. The angle between the occiput
and C2 increased slightly to maintain head balance in re-
sponse to decreased subaxial lordosis.

GO002. Effect of Topical versus Parentral Tranexamic Acid on
Blood Loss in Spinal Deformity Surgery. A Prospective
Randomized Controlled Trial
Mohammad El-Sharkawi1, Sherif Sayed2, Wael Gad1, Mohamed
El-Meshtawy1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Anesthesiology, Assiut University, Assiut, Egypt

Introduction: Massive hemorrhage and massive blood
transfusion are not uncommon in spinal deformity surgery.
There are many factors which may affect the perioperative
blood loss. Multiple studies showed the beneficial effects of
parentral tranexamic acid (TXA) in decreasing intraoperative
blood loss but there is a lack of knowledge about the effect of
topical use of tranexamic acid. The aim of this study is to
evaluate the effect of using tranexamic acid topically versus
parentrally on the amount of intra operative blood loss.

Material and Methods: Between 2011 and 2014, eighty
three patients (49 females/34 males, mean age 17 � 4 ys, body
weight 49� 6 kg) underwent correction (in the formofmultiple
Ponte osteotomies, PSO, PVCR) and posterior spinal fusion for
spinal deformity (57 AIS, 14 congenital scoliosis, 12 syndromic).
These patients were randomized into one of three groups. In
group 1 (n ¼ 31 patients), TXA was used topically. TXA was
sprayed directly in the wound and sponges soaked with it were
used. In group 2 (n ¼ 29 patients), intravenous TXA was used
intra-operatively. In group 3 (n ¼ 23 patients), TXA acid was
used neither topically nor systemically. Intraoperative blood loss
and the number of blood units transfused were recorded for all
patients. The three groups were comparable in the mean age,
body weight, operative time, type of deformity, type of osteot-
omy, number of fused segments, number of screws used.

Results: The mean operative time was (240 minute �
50). The mean blood loss in group 1 was 1353 � 273 cc, 1271
�279 cc in group 2, and 1430 � 311 cc in group 3. The mean
number of blood units transfused in group 1was 2.65� 0.587,
2.3� 0.571 in group 2, and 3.4� 0.5 in group 3. Therewere no
significant differences in intraoperative blood loss and num-
ber of units of transfused blood between the first and second
groups while there was a significant difference between them
and the control group. One patient developed DVT in the
intravenous TXA group.

Conclusion: Topical TXA is as effective as intravenous
TXA and may be used safely to decrease the need for blood
transfusion and intraoperative blood loss.

GO003. Analysis of Lumbar Foramina Size Change in Patients
with Lumbar Spondylolisthesis using Kinetic Magnetic
Resonance Imaging
Hsiang-Ming Huang1, Jui-Jung Yang1, Neil Patel1, Justin Wang1,
Patrick Hsieh2, John Liu2, Zorica Buser1, Jeffrey C. Wang1
1Department of Orthopaedic Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, United States
2Department of Neurological Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, United States

Introduction: The pathology of lumbar spondylolis-
thesis contributes to lumbar instability and significant clinical
symptoms. However, the effect on intervertebral foraminal
area (FA) during motion change is not well understood.

Material and Methods: In this study we used 107
patients diagnosed with single or multiple level lumbar
spondylolisthesis at L3–L4, L4–L5 or L5–S1. All patients
were initially divided into two groups: group A (sliding
percentage 0–3%) and group B (sliding percentage �4%).
Sliding percentage and FA size in neutral, flexion and
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extension were measured using kMRI. The FA change in
different sliding groups at L5-S1 level was further analyzed.

Results: The number of patients in the group A (sliding
percentage 1–3%) was 68 at L3–4, 38 at L4–5 and 32 at L5-S1
spine levels. The number of patients in the group B (sliding
percentage�4%)was the following: 39 at L3–L4, 69 at L4–L5 and
75 at L5–S1. Themean FA in both groups changedwith different
spine positions. When considering all levels, the average FA
increased ~17% fromneutral toflexion anddecreased ~21% from
neutral to extension. Similarly, therewas a significant difference
in FA in flexion at L5-S1 (p < 0.004) between the groups. For L5/
S1 patients, 104 patients were divided into three sub-groups
according to the sliding percentage (group I (0–9%), group II (10–
19%) and group III (20–29%)). The FAwas significantly increased
in theflexionposition anddecreased in the extensionposition in
all three groups. In group III FA size was significantly decreased
from neutral to flexion when compared with Group I
(p < 0.022). The FA sizewas significantly increased fromneutral
to extension when group III was compared with groups I and II
(p < 0.000 and p < 0.017, respectively).

Conclusion: Our kMRI study revealed position-depen-
dent changes of the intervertebral foramen. In patients with
severe sagittal subluxation the change in FA from neutral to
extension position demonstrated the largest decrease. This
change may also correlate with changes in neuroforaminal
stenosis and nerve root compression and its associated symp-
toms and should be taken in considerationwhen choosing the
treatment option.

GO004. New Motor Deficit After Adult Spinal Deformity
Surgery Leads toWorsened Early HRQOL: Subanalysis of 273
Patients from Scoli Risk 1 Prospective Study
Rajiv Saigal1, Sigurd Berven2, Virginie Lafage3, Michael Kelly4,
Branko Kopjar5, Justin Smith6, Benny Dahl7, Kenneth Cheung8,
Leah Carreon9, Frank Schwab10, Kathrin Rebmann11,
Christopher Shaffrey12, Michael Fehlings13, Lawrence Lenke14,
Christopher Ames15
1San Diego Spine Foundation, Scripps Health, San Diego, California,
United States
2Department of Orthopedic Surgery, UCSF, San Francisco, California,
United States
3Hospital for Joint Diseases, NYU, New York, New York, United States
4Department of Orthopedic Surgery, Washington University St. Louis,
St. Louis, Missouri, United States
5Department of Health Services, University of Washington, Seattle,
Washington, United States
6Department of Neurosurgery, UVA, Charlottesville, Virginia, United
States
7Department of Orthopedic Surgery, Rigshospitalet and University of
Copenhagen, Copenhagen, Denmark
8Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, Hong Kong
9Norton Leatherman Spine Center, Louisville, Kentucky, United States
10Spine Service, Hospital for Special Surgery, New York, New York,
United States
11Clinical Investigation and Documentation, AO, Dübendorf,
Switzerland
12Departments of Neurosurgery and and Orthopaedic Surgery, UVA,
Charlottesville, Virginia, United States
13Division of Neurosurgery, University of Toronto, Toronto Western
Hospital, Toronto, Canada
14Department of Orthopedic Surgery, Columbia University Medical
Center, New York, New York, United States
15Department of Neurological Surgery, UCSF, San Francisco,
California, United States

Introduction: An International, ambispective, multi-
center observational cohort study (Scoli-Risk-1) was complet-

ed to determine the impact of neural injury on Health-related
Quality of Life scores (HRQOLs). 30.9% of patients suffered any
ASIA lower extremity motor score (LEMS) worsening during
the first 6months after surgery. The purpose of this analysis is
to define the impact of new LEMS deficit on HRQOL metrics
and recovery of those measures after surgery in the first 6
months.We hypothesized that newmotor deficits (defined by
LEMS worsening) will lead to worsened HRQOL scores, after
correction of adult spinal deformity.

Material and Methods: Patients aged 18–80 years with
a diagnosis of adult spinal deformity were eligible for enroll-
ment at 15 sites worldwide. Other inclusion criteria included
major Cobb > 80 degrees, C7-L2 curve apex, and any patient
undergoing 3 column osteotomy. ASIA scores and standard
HRQOL scores (ODI, SRS, SF-36 mental, and SF-36 physical)
were recorded pre-op, 6 weeks and 6 months. Patients were
subdivided into three subcategories of LEMS change (�2
points worsening, 1 pt worsening to no change, or LEMS
improvement).

Results: 273 complex adult spinal deformity (ASD)
patients enrolled, with 184 female (67%) and 89 male (33%)
patients. Mean age was 56.9 years (SD 15.3, range 18–81).
30.9% of patients suffered aworsening of LEMSwithin thefirst
6 months post-surgery. HRQOL scores worsened as LEMS
worsened. The 6 week HRQOL changes for LEMS �2 patients
vs LEMS -1 to 0 vs improved LEMS patients were: ODI (11.6 vs
0.7 vs -0.6), SF-36 physical (-3.9 vs -1.6 vs 1.0), SF-36 mental
(-1.5 vs 1.4 vs 0.6), and SRS total change (0 vs 0.4 vs 0.5),
respectively. The 6 month HRQOL changes for LEMS < =2
patients vs LEMS -1 to 0 vs improved LEMS were: ODI (-6.8
vs -9.5 vs -14), SF-36 physical (0.6 vs 2.6 vs 6.2), SF-36 mental
(-1.1 vs 3.8 vs 5.9), and SRS total change (0.3 vs 0.7 vs 0.8),
respectively. Table 1 shows these data. While the database is
not yet locked, these data are subject to minor changes.

Conclusion: In the subgroup of patientswho developed
a new lower extremity motor deficit after adult spinal defor-
mity surgery, total HRQOLs and HRQOL changes were nega-
tively impacted. Patients with 2 or more points of LEMS
worsening had the worst HRQOL changes. However, even
these patients showed overall improvement in ODI, SF-36
physical and SRS total scores at 6 months compared with pre-
op baseline.

Deformity Thoracolumbar Adolescent 1

GO005. Prevalence and Significance of Vitamin D deficiency in
Patientswith Idiopathic ScoliosisRequiringCorrective Surgery
Antony Louis Rex Michael1, Matthew James Hampton1, Owain
Evans1, Lee Breakwell1, Ashley Cole1, Beverley Naylor1
1Department of Spine Surgery, Sheffield Children's Hospital, Sheffield,
United Kingdom

Introduction: Vitamin D deficiencymay affect children
in terms of growth disturbance, deformity and metabolic
disease. The senior authors have felt significant difference in
bone quality intra operatively and wondered if vitamin D
status was relevant in this. The aim was to assess the preva-
lence of vitamin D deficiency in a cohort of patients undergo-
ing scoliosis correction surgery for adolescent idiopathic
scoliosis (AIS) and to assess if Vitamin D deficiency had any
significance/correlation to the pre-operative cobb angle or
pain scores.

Material and Methods: Any patient undergoing correc-
tive surgery for AIS who had pre-operative Vitamin D sample
taken. From January to December 2014 a total of 69 records
were assessed yielding a cohort of 41 patients undergoing
surgery for Adolescent Idiopathic Scoliosis (AIS) with a re-
corded pre-operative total 25-OH vitamin D level. Three tiers
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of Vitamin D level were assessed including normal > 50nmol/
L, insufficiency < 50 but > 25nmol/L and deficiency < 25
nmol/L as per local guidelines for Vitamin D deficiency in
children. Patients’ age, sex, pre-operative vitamin D levels,
Cobb angles at time of surgery, pre-operative back pain scores
were recorded.

Results: 41 Children with a recorded Vitamin D level
pre-operatively were analyzed. There were 4 male and 37
females. The average age at surgery was 15 years,(range 12 –
17). Of the 41 patients 9 (22%)were VitaminDDeficient (range
10–25), 14 (34%) were insufficient (range 29.3–49.8) and 18
(44%)were above the treatment level (range 54.8 – 139.1). The
average pre-operative Cobb angle for the deficient patients
was 68 (range 50–89) compared with 64 (range 48 – 85) for
the insufficient patients and 62 (range 44–76) for the patients
with normal Vitamin D levels. The pain scores for each of the 3
groups revealed that the patients in each group complained of
a similar (moderate) amount of back and rest pain pre-
operatively.

Conclusion: Vitamin D deficiency in children leads to
reduced calcium absorption from the bowel and may lead to
skeletal deformity and rickets. The effect on bone healing of
Vitamin D deficiency may have an affect on the quality of
spinal fusion required as part of the surgical treatment for AIS
and it is not known whether those patients undergoing
surgery have adequate levels. This study reveals that 56% of
patients had Vitamin D levels requiring supplementation.
Further work is being undertaken to evaluate pain values,
fusion time and deformity correction in those children with
insufficient or deficient levels of vitamin D.post-op complica-
tions and hospitalisation

GO006. Efficacy of En Bloc Direct Vertebral Body Derotation
(Dvbd) in Idiopathic Scoliosis Treatment
Wiktor Urbanski1, Michal Wolanczyk2, Szymon Dragan1
1Department of Orthopaedics and Traumatology, University Hospital
Wroclaw, Wroclaw, Poland
2Department of Radiology, University Hospital Wroclaw, Wroclaw,
Poland

Introduction: Vertebral axial rotation in horizontal
plane is a component of spinal deformity in scoliosis. Greater
axial rotation is related with inclination to curve progression,
contributes to rib hump development. Therefore the correc-
tion of axial deformity appears as an obvious component of
scoliosis correction. However clinical efficiency and compli-
cation riskof derotationmaneuvers is still not established. The
object of the study was to assess horizontal correction ob-
tained with en bloc direct vertebral body derotation (DVBD)
and the influence of the maneuver on coronal and sagittal
correction of the spine in patients undergoing surgical scolio-
sis correction.

Material and Methods: 36 patients after surgical cor-
rection of idiopathic scoliosis were included into study. Au-
thors analyzed two groups; adolescents and adults. All
patients underwent posterior fusion with pedicle screws
only instrumentation. 15 (20 curves) patients were corrected
by rod derotation only and 21 (26 curves) underwent rod
derotation and direct en bloc vertebral derotation (DVBD).
Measurements according to Cobbmethodwere performed on
X-rays obtained before and post surgery - coronal plane
curves, sagittal profile (T2-T12, T5-T12, L1-S1). Spine flexibil-
ity was assessed of prone bending X-rays. Axial rotation was
determined on CT scans obtained intraoperatively (O-Arm,
Medtronic) and postoperative CT scan. Rotation assessment
was done according to the method described by Aaro and
Dahlborn.

Results: The comparison of axial rotation prior to
correction and post correction revealed decrease of axial
apical vertebral rotation in both DVBD and non DVBD groups.
However in DVBD groupvertebral derotationwas greater than
in non DVBD group and it was confirmed in statistic analysis.
Amount of axial derotation was similar in both adults and
adolescents. Analysis of coronal curves showed statistically
significant better correction in (DVBD) group and obviously
better correction was possible in flexible than stiff curves.
DVBD did not improve but also did not decrease kyphosis
comparing to pre op measurements and results from non
DVBD group. This statement concerned both T2-T12, T5-T12
measurements. Neither flexibility nor stiffness of the curves
influenced kyphosis results.

Conclusion: Direct vertebral body derotation is a rele-
vant maneuver to improve correction in idiopathic scoliosis,
either in coronal or sagittal plane. It may be useful technique
in adolescent as well as adult patients.

GO007. The Effect of Post-Operative Complications in
Complex Adult Spinal Deformity Surgery on Surgical
Outcomes: an International, Large-scale, Prospective Multi-
center Study
Kenneth Cheung1, Cora Bow1, Dino Samartzis1, Kenny Kwan1,
Mark Dekutoski2, Frank Schwab3, Oheneba Boachie-adjei4,
Khaled Kebaish5, Ames Christopher6, Qiu Yong7, Yukihiro
Matsuyama8, Benny Dahl9, Mehdian Hossein10, Ferran Pellisé-
Urquiza11, Leah Carreon12, Christopher Shaffrey13, Michael
Fehlings14, Lawrence Lenke15
1Department of Orthopaedics and Traumatology, The University of
Hong Kong, Hong Kong, Hong Kong
2The CORE Institute, Phoenix, Arizona, United States
3New York University, New York, New York, United States
4Hospital for Special Surgery, New York, New York, United States
5Johns Hopkins University, Baltimore, Maryland, United States
6University of California, San Francisco, California, United States
7Nanjing University Medical School, Nanjing, China
8Hamamatsu University School of Medicine, Hamamatsu, Japan
9SpineUnit, Rigshospitalet, Copenhagen, Denmark
10University Hospital, Nottingham, United Kingdom
11Hospital Universitari Vall d’Hebron, Barcelona, Spain
12Norton Leatherman Spine Center, Louisville, Kentucky, United States
13University of Virginia, Charlottesville, Virginia, United States
14University of Toronto, Toronto, Canada
15Washington University, St. Louis, Missouri, United States

Introduction: This large-scale study aimed to deter-
mine the effect of non-neurological complications in complex
adult spine deformity surgery uponpost-operative functional/
disability profiles.

Methods: This is an international prospective multi-
center study involving 15 sites from North America, Europe,
and Asia. Adult patients with severe spinal deformity were
assessed at 6 weeks and 6 months post-operatively. Non-
neurological complications were recorded and grouped into
intraoperative events, minor and major complications. Post-
operative functional/disability outcomes were evaluated by
Oswestry Disability Index (ODI) and SRS-22 pre-operatively
and at each follow-up (Fig. 1).

Results: 269 subjects were included (68% women and
32% men; mean age: 57.8 years). There were no significant
differences in pre-operative ODI and SRS-22 scores between
patientswith andwithoutmajor complication. At 6weeks and
6months after surgery, patientswithmajor complications had
significantly worse ODI and SRS-22 scores compared with
patients without major complications (p < 0.005). Both
groups with and without major complications showed sta-
tistically significant functional improvement 6 months after
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surgery (p < 0.0001). Improvement in functional scores were
similar in patients with and without intra-operative events
and/or minor complications (p > 0.05).

Conclusion: Based on the largest, multi-center study
addressing complex adult spine deformity patients, worse
post-operative functional/disability profiles were noted up
until 6 months follow-up in patients who experienced major
complications than those that did not. Similar functional/
disability profiles were noted in patients who experienced
intra-operative or minor complications. This study further
broadens the understanding of postoperative surgical out-
comes, risk profiles, and clinical/patient expectations follow-
ing such deformity surgeries.

Fig. 1 Mean ODI and SRS-22 total score at pre-operation, 6
weeks and 6 months follow up.

GO008. The Rib Construct (RC) has Provided Secure Proximal
Fixation for Management of Patients with EOS and Severe
Thoracic Hyperkyphosis
Alaaeldin Ahmad1
1Department of Orthopedics, Annajah Medical School, Palestinian
Territory, Occupied

Introduction: Thoracic hyperkyphosis, described as
greater than 20 degrees of kyphosis from T1–5, and/or 40
degrees from T5–12, or greater than 50 degrees of maximum
total kyphosis, has been associated with poor outcomes when
treating EOS. For such patients, decision making between
spine based and rib based proximal fixation has been graded
as being among the areas of greatest clinical uncertainty at
present for surgeons treating EOS. We address this uncertain-
ty by reporting our results of rib based fixation in patients
with EOS and thoracic hyperkyphosis.We chose aminimumof
70 degrees of kyphosis between T5–12 for inclusion, rather
than 50, to focus further on the management of severe
hyperkyphosis.

Material and Methods: Ongoing data collection of
surgical management of 13 children with EOS and greater
than 20 degrees of kyphosis between T1–5 and/or 70 degrees
between T5–12, and at least 24 months of followup was
compiled. The (RC) was used for proximal fixation in all cases.

Results: 5 syndromic,5 congenital/structural, 1 idio-
pathic. 9 had prior spine surgery. Average age at initial surgery
84months; followup averaged 47months (24–77). 5 had T1–5
kyphosis, average 29 degrees, postop 26. 9 had T5–12 kypho-

sis, average 96 degrees, postop 56. Average preop thoracic
scoliosis 68 postop 44; preop lumbar scoliosis 39, postop 38.
Average preop spine length 22.9 cm, postop 29.2. Average
preop coronal balance 11.3 cm, postop 13.1. Average preop
sagittal balance 39, postop 27. Complications included 3
proximal hook dislodgments, 5 distal anchors, 1 delayed
deep wound infection with removal and subsequent replace-
ment of instrumentation, 3 rod failures, 1 PJK. As a group,
there were 63 subsequent planned procedures, and 18
unplanned.

Conclusion: The RC provides reliable proximal fixation
for EOS patients with severe thoracic hyperkyphosis, especial-
ly for those with hyperkyphosis from T5–12.

GO009. The ConvexManipulation: An Alternative Technique
in Surgical Treatment of Adolescent Idiopathic Scoliosis
Leonardo Oggiano1, Guido La Rosa1
1Department of Surgery, Orthopedic Unit, Bambino Gesù Children's
Hospital, Palidoro, Rome, Italy

Introduction: Concave derotation is the traditional
correction maneuver in adolescent idiopathic scoliosis sur-
gery. However, the positioning of thoracic pedicle screws at
concave side of the curve can be quite challenging, because of
the small pedicle size and the wide variation in its morpho-
logical characteristics, due to the vertebral dystrophy ob-
served in scoliotic patients. Then, to reduce risks of neural
damages, and ensure the same strenght of derotation maneu-
ver, a convexmanipulation through an all-level pedicle screws
convex instrumentation can be performed. We report periop-
erative and 2-year results in a consecutive series of patients
treated by convex manipulation through an all-level pedicle
screws convex instrumentation.

Material and Methods: From January 2013 to January
2015 we surgical treated 36 consecutive patients (28 F, 8 M,
mean age 13 years) affected by thoracic adolescent idiopathic
scoliosis (Lenke type 1, 27 patients, and Lenke type 2, 9
patients). Mean pre-operative Cobb angle was 56°�6° in
Lenke type 1 group and 51°�4° plus 32°�3° in Lenke type 2
group. We performed a posterior access only in all patients
using polyaxial pedicle screws at each level on the convex side
of the curve. Derotation and manipulation maneuvers were
performed on the convex prebent rod. In all cases motor-
evoked potentials monitoring was used. Mean follow-up time
was 27 months.

Results: The average percentage of coronal correction
was 76 � 5% (mean post-operative Cobb angle 15°�4°), with
no neurological complications. Concerning the post-operative
kyphosis, we observed a slight decrease of mean values
compared with pre-operative measurements (mean reduc-
tion of thoracic kyphosis 5°�2°). At 2-year follow-up no
changes in coronal nor in sagittal plane were observed. The
mean operative time was 210 � 30 minutes, with a mean
blood loss of 500� 100ml. Using the free-hand technique, the
mean time of pedicle screws positioning in the thoracic area
on the convex sidewas 2� 1minutes from T6 toT12, and 4� 1
minutes from T3 to T5. Whenever included in the area of
arthrodesis, T2 was usually instrumented with the Universal
Clamps, to reduce the stiffness of the construct. Instead, T1 has
never been included in the arthrodesis area.

Conclusion: This case-series study shows the effective-
ness and the safety of convex manipulation in Lenke type 1
and type 2 scoliosis. The coronal correction obtainedwith this
technique is comparable to that obtained with the traditional
concave derotation. Other advantages are the short operative
time, the low intra-operative blood loss and, mostly, a lower
risk of neurological complications.
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GO010. Can EOS 3DMorphological Analysis Better Correlate
with Pain Patterns than the Lenke Classification
Leonardo Simoes1, Jean Ouellet2, Fan Jiang3, Sultan Aldebeyan3,
Ahmed aoude3, Jenny Sun4, Catherine Ferland5, Neil Saran6,
Sheila Bote4
1Spine Fellow, McGill University, Montreal, Canada
2Chair of McGill Scoliosis and Spinal Research, Montreal, Canada
3Orthopedic Resident, McGill University, Montreal, Canada
4Research Assistant, McGill Scoliosis Group, Montreal, Canada
5Post Doctoral Fellow, Montreal, Canada
6Montreal, Canada

Introduction: Adolescent Idiopathic Scoliosis (AIS) has
been thought to be a relatively painless three dimensional
(3D) deformity of the spine, but some studies has shown that
the incidence of mild to moderate pain in AIS ranges from 25
to 50%. With the arrival of the new low dose radiation EOS
technology, it is now possible to quantify intersegmental
changes of the scoliotic spine in an upright position that could
be related to pain.

Hypothesis: EOS 3D morphological analysis of AIS
patients will better correlate with presence of pain than the
Lenke classification.

Methods: Fifty-nine patients (7 male/52 female, mean
age of 14.3 years old) who were scheduled for elective
posterior spinal fusion with diagnosis of AIS. Preoperative
clinical pain data recorded consisted of: 1) numerical visual
analogue (VAS) pain scores quantifying patients average and
worst pain over the preceding month; 2) SRS22 scores.
Preoperative PA and lateral imaging were utilized to recon-
struct and generate 3Dmodels using the EOS software. Global
and segmental intervertebral orientation in all three planes
including theDaVinci diagram identifyingmaximal deformity
orientation were generated and correlated with patients’
clinical presentation. In addition, standard curve magnitude,
curve classification (Lenke) and pelvic parameters were also
analyzed to observe their association to pain. Statistical
analysis was performed with GraphPad Prism 6.

Results: Lenke classification and its subtypes did not
correlate with pain, nor did any of the classic curve param-
eters, with the exception of the presence of hyper lumbar
lordosis (>60 degrees) (r ¼ 0.32, p ¼ 0.06). Hyperlordotic
patients reported greater pain intensity than normal lordotic
patients (U ¼ 81.50, p ¼ 0.04). Additional new3Dparameters
from both global and intersegmental vertebral orientations in
space were investigated. With the exception of high interver-
tebral frontal, lateral tilt of L4 over L5, no 3D correlations with
pain patterns were observed.

Conclusion: Despite the additional 3D morphological
analysis generated by the EOS imaging, we were not able to
identify anatomical characteristics associated to the pain
experience reported by patients, with the exception of hyper-
lumbar lordosis.

Infections 1

GO011. Simultaneous Video-Assisted Thoracoscopic
Debridement/ Fusion and Percutaneous Transpedicular
Instrumentation in Prone Position for Thoracic and
Thoracolumbar Infections
Hamdan Abdelrahman1, Mohamed Gamal Hasan1, Mohamed
Elmeshtawy1, Khalid Younis1, Mootaz Shousha2, Heinrich
Boehm2

1Assiut University Hospitals, Assiut, Egypt
2Zentralklinik, Bad Berka, Germany

Introduction: The incidence of vertebral osteomyelitis
is reported to range between 2–7% of all cases of bone

infection. Spinal infection is age-related and has been on
the rise over the last decades. Thus, it occurs frequently in
elderly and debilitated patients who have significant medical
comorbidities and predisposing factors for spinal infection.
The thoracic spine and thoracolumbar junction are areas
frequently involved in various types of spinal infections. The
aim of surgery in spinal osteomyelitis is to relieve pain by
eradication of the infection, reconstruction of the defects and
restabilization of the spine. Anterior radical debridement and
spinal fusion is advocated as an effective treatment of these
infections. Video assisted thoracoscopic surgery (VATS), in
cases of thoracic and thoracolumbar spinal infection, is a good
alternative to conventional thoracotomy with minimal mor-
bidity, although surgically demanding. There are few reports
in the literature of VATS performed on prone patients. This
study analyses prospectively 61 patients, who were operated
upon for thoracic or thoracolumbar spinal infection in a single
tertiary-care referral hospital, between May 2010 and May
2013 using VATS combined with percutaneous fixation in all
patients while the patient positioned prone.

Material and Methods: Between May 2010 and May
2013, 61 patients with spinal infections at the thoracic and
thoracolumbar junction were operated upon in our hospital.
Those patients underwent anterior thoracoscopically assisted
debridement and fusion plus posterior percutaneous stabiliza-
tion in prone position. The clinical and radiological assessments
of these patients were evaluated preoperatively and postopera-
tivelywithmean followupof 37.7months. The clinical outcomes
datawere assessed postoperatively and final follow-up by use of
VAS and subjective clinical results. Plain X-ray in two views was
used for the radiological outcome evaluation.

Results: Sixty one consecutive patients were included
(38 males and 23 females) with mean age of 67.5 years, 78%
were older than 60 years. More than 80% of the patients had
associated comorbidities. The mean operative time was
195.49 � 41.60 minutes, for thoracoscopic anterior surgery
was 100.57 �29.14, and for posterior surgery was 94.92 �
28.35 minutes. The average blood loss was 597.54ml. Thirty
two patients (52%) had preoperative neurological deficits
ranging from Frankel A to D. One patient (Frankel A) did not
show any neurological improvement at the final follow-up.
The mean VAS at final follow-up was 1.03/10 (preoperative
7.89). The mean preoperative kyphosis angle was 17.11°,
improved to 6.51° postoperatively and reached 8.48° at the
final follow-up. First year mortality rate was 6.5% (4 patients).

Conclusion: Minimal invasive spinal techniques includ-
ing thoracoscopic debridement and fusion and posterior percu-
taneous instrumentation showed good clinical and radiological
outcomes and can be considered as alternative to open proce-
dures with decreased rates of morbidities in managing thoracic
and thoracolumbar infections in elderly patients.

GO012. To Evaluate Post-operative Functional and
Radiological Outcomes of Patients with Dorsal and
Dorsolumbar Pott’s Spine Who Underwent Anterior
Decompression and Posterior Instrumentation, through
Only Posterior Trans-Pedicular Approach
Bibhudendu Mohapatra1
1Department of Spine Services, Indian Spinal Injuries Center, New
Delhi, India

Introduction: Approach for surgical treatment of Thor-
aco-lumbar tuberculosis has been always controversial. Tra-
ditionally, the anterior approach has been preferred
throughout the spine to achieve these goals. A combined
anterior plus posterior approach helps to overcome stability
related drawbacks of anterior approach alone. Posterior ap-
proach has gained popularity in the last decade as it provides
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excellent exposure for circumferential spinal cord decompres-
sion and also allows posterior instrumentation to be extended
formultiple levels above and below the level of pathologywith
less morbidity, less duration of surgery as well as less amount
of blood loss as compared with combined anterior and
posterior approach.

Material and Methods: The study was conducted at
Indian spinal injuries center, New Delhi during the period
from June 2014 to June 2015 and included all patients of
thoracic and Thoraco-lumbar Pott’s disease whowere operat-
ed by posterior trans-pedicular approach procedure from
January 2009 to January 2014. Out of 560 patients who
underwent surgery only 60 patients were included in the
study who satisfied the following criteria: Age� 18 years.and
minimum up to 12 months of clinic-radiological follow up.
Following data were collected and analyzed: Average opera-
tive time, pre and post AIS grading, bony fusion, pre-op, post
op and last follow up angles of kyphosis, loss of kyphotic
correction, cage subsidence, implant loosening, implant fail-
ure, ODI and VAS scores at 6 months interval and final follow
up. The pre-op, post op and last follow up angles were
compared for dorsal and lumbar separately using paired t-
test or Wilcoxon Signed rank test (if data are non parametric)
and was corrected using Bon-ferroni for multiple
comparisons.

Results: Patients were followed up for at least twelve
months, with an average of 16.81 months (range 12–
40months). The mean operation time was 260 � 30 minute
(range 180– 540 minute). 55 patients presented the evidence
of successful bony fusion within a mean time of 6 � 1.5
months. Dorsal (n ¼ 50): The pre op angles (19.85 � 14.17)
were significantly larger than the post op angles (6.96 � 14.8)
(p < 0.00001) and smaller than the last follow up angle (9.29
� 16.19) (p < 0.0001) as tested byWilcoxon Signed rank test.
Lumbar (n ¼ 10): The pre op angles (21.45 � 7) were signifi-
cantly larger than the post op angles (11.6 � 4.4) (t score
¼ 4.01, p ¼ 0.003) and smaller than the last follow up angle
(13.4 �4.1) (t score ¼ -3.668, p ¼ 0.005). Pre op VAS scores
(8.15 �0.9) was higher than the post op values (2.18 � 0.9) (t
score =52.38, p < 0.00001) and the last follow up (0.833 �
0.88). Pre op ODI scores (32.5 �6.4) was higher than the post
op values (13.4 � 5.8) (p < 0.00001) and at last follow up
(3.966) as tested by Wilcoxon Signed rank test.

Conclusion: Anterior decompression and posterior in-
strumentation through only trans-pedicular approach is a safe
surgery with less intra operative surgical duration and im-
prove neurological, radiological, pain and functional scores
significantly with significant fusion rates and less post opera-
tivemorbidity. Limitation of the study are retrospective study,
small sample of 60 patients and radiographs used to assess
fusion instead of CT scan.

GO013. Surgical Site Infection in Spinal OperationsATertiary
Centre Review of 4557 Consecutive Procedures over 5 Years
Hassan Fawi1, Mohamed Ahmed1, Jose Sousa1, Megan Lewis1,
Sashin Ahuja1
1Welsh Centre for Spinal Trauma and Surgery, Cardiff, United
Kingdom

Background: Surgical Site Infection (SSI) is a potential
inherent risk of any surgical intervention. SSI can pose signifi-
cant consequences especially in spinal surgery. Previous re-
search showed that there are seasonal variations in the
incidence of SSI with numbers peaking in summer months.

Objective: To evaluate (1) incidence of Surgical Site
Infection (SSI) for consecutive operations in a tertiary center,
(2) the commonest pathogen, (3) Themanagement in our unit

and its long-term outcome, and (4) Effect of seasonal change
on SSI.

Methods: Consecutive spinal operations (N ¼ 4557)
between Jan 2007 – Jan 2012 were studied looking for SSI
using the Centres for Disease Control National Health Safety
Network criteria. All patients with SSI positive criteria were
included in the study. Further evaluation was based on the
study objectives.

Results: 4557 procedures were assessed, of which
30.5% were Decompressions, Variable Thoraco-Lumbar Fu-
sions (inc. ALIf, TLIF, XLIF, Deg. Scoliois correction) 25.8%,
Cervical operations 18.8%, Scoliosis operations 10.5%, Decom-
pressions and Interspinious spacers 6.9%, and miscellaneous
procedures were 7.5%. In total 8.5% of cases were revision
surgeries. The incidence of SSI was 4.9% with 62.1% Male and
37.9% Females. Commonest organisms were Coagulase Nega-
tive Staph 31.7%, Staph Aureus 26.8%, Pseudomonas 7%, MRSA
4%, and polymicrobial 30.5%. The average time to detection of
infection was 23 days (3–200). Of the positive SSI cases, 9.75%
needed surgical debridement. 2.4% needed removal of metal
work/Replacement. They all made uneventful long-term re-
covery. 54.9% of SSI had their operations in the summer
months, while 45.1% were operated in the Autumn/Winter
months.

Conclusion: Bearing in mind the low infection rate of
deep surgical site infections we encountered: Most of the SSI
cases were effectively treated in our unit by using antibiotics
only; The close liaison with our microbiology unit was and
remains of paramount importance; There is no clear differ-
ence found in our study between Summer/Spring and Au-
tumn/Winter months in the rate of developing SSI.

GO014. Radical Debridement and Spinal Reconstruction
using Titanium Mesh Cages (TMC’s) in Pediatrics Patients
with Pott's Disease and Vertebral Osteomyelitis
Alexander Mushkin1, Denis Naumov1
1Pediatric Surgery Clinic Science, Reseach Institute of
Phthisiopulmonology, St. Peterburg, Russian Federation

Introduction: TB spondylitis and vertebral osteomyeli-
tis frequently occur in the patients of early ages. The tendency
to the multilevel damage with total or subtotal lesions of
several vertebral bodies leads to the spine collapse and early
kyphosis. Radical debridement and autogenous strut-graft
fusion have become the “gold standard” for surgery. The
introduction of the TMC in adult’s spinal surgery has opened
up a variety of applications that are realizable as a result of the
versatility of the implant. But the use of TMC in pediatrics
spinal surgery is controversial, and results have not been
published to date.

Patients and Methods: Study design: cohort analysis.
74 children aged from7months till 17 years underwent spinal
reconstruction: 5 (10%) in the cervical spine, 32 (46%) in the
thoracic spine and 37 (44%) in the lumbar spine. Clinical series
include 18 early age patients under 3 years old. Group 1
(n1 ¼ 25) – tuberculous (TB) spondylitis; group 2 (n2 ¼ 49) –
chronic nonspecific spondylitis (CNS) and its consequences,
including 16 patients with spondylodiscitis. Disease duration
in all patients was at least 4 months prior ineffective antimi-
crobial therapy. The indications for surgery were destruction
with vertebral deformity progression, neurological disorders
and ineffective chemotherapy with continuing abscesses. All
patients had debridement with anterior column reconstruc-
tion, posterior instrumentation and fusion by TMC’s with
bone auto-grafts. The rate of the fusion was assessed by CT
at 6 and 12 months after surgery according to the new rating
scale graded from 1 (incorrect implant position) to grade 5
(solid fusion with a structural bone block).
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Results: The number of stabilized spinal segments
ranged from 2 to 5. Etiology of spondylitis was identified
due to bacteriological, molecular genetics and morphological
studies of the operational material. No operative complica-
tions and no implant-related complications were recorded in
the postoperative period. The fusion rate corresponded to
grade 3 in 91,1% (n ¼ 68) at 6 mns post-op and as grade 4 in
93,2% (n ¼ 69) at the 12 mns post-op. Till the final follow-up
(M 36 - mns, min 12 - mns, max – 4 years) a mean segmental
loss of correction was 3,7 (0 � 7) degrees. Destabilization of
TMC’s was detected after surgery only in two cases due to the
late infection’s reactivation.

Conclusion: The anterior interbody fusion by TMC’s
with bone auto-grafts in pediatric spine reconstruction pro-
vides reliable spinal stability in both the short-term and long-
term period and does not increase the risk of infectious
complications in cases of infectious spondylitis’ surgery.
TMC produce the early anterior fusion and provide the
possibility to earlier removing of posterior instrumentation
before the disk degeneration inside the instrumented zone in
growing spine.

GO015. Functional Outcome after Anterior Decompression
and Stabilization using Locally Made Stand-alone Titanium
Cagewith Bone Graft in Caries Spine: An Experience of 600þ
Cases at Ghurki Hospital
Ahsan Akhtar Khan1, Amer Aziz1
1Department of Orthopedics and Spine Surgery, Lahore Medical and
Dental College/Ghurki Trust Teaching Hospital Lahore, Lahore,
Pakistan

Introduction: Tuberculosis is the leading cause of death
in third world countries, from a single infectious disease. It
paralyses the society when it affects the spine due to its
residual neurological deficit in the form of Quadriplegia,
paraplegia, loss of bladder and bowel control, bedsores, as
well as from continuous financial burden it exerts on the
affected family andwhole society. Early spinal decompression
and stabilization with a locally made stand alone cage have
dramatic results in terms of improvement in neurology, relief
of pain and correction of deformity as well as improvement in
the patient’s quality of life.

Methods: The objective of the study is to determine the
outcome after Anterior Decompression and Stabilization with
locally made stand alone Cage & Bone Graft in caries spine in
terms of improvement of neurology, relief of pain, improve-
ment of Kyphotic angle as well as quality of life improvement.
It is a prospective case series study including 600 cases, which
were treated at GTTH from 2005–15. After pre-operative
assessment of pain, neurology, measurement of angle of
deformity, and QOL analysis using the SF-36®, all patients
were treated with Ant. Decompression and then stabilization
was achieved usingmorcellized bone graft with a locallymade
stand alone cage. After surgery patients were followed at 06
weeks, 03 months, 06 months & 01 year to assess neurology,
relief of pain and Kyphotic angle and their SF-36® scores.

Results: Neurology improved in 88% of patients, pain
was relieved in 92% of cases and there was mean correction of
18° in Kyphotic angle at the end of 01 year follow up with a
significant improvement in the patient’s quality of life.

Conclusion: Early diagnosis and early intervention
gives excellent results in Tuberculosis of the spine. After
anterior decompression, stabilization with cage and bone
graft results in significant improvement of neurology, relief
of pain and correction of Kyphotic deformity, as well as the
patient’s quality of life. There is no need for added
instrumentation.

Trauma Thoracolumbar 1

GO016. Surgical Results of 135 Thoraco-Lumbar Fractures
Treated with Open Posterior Multi-Level Segmental
Fixation: A Single Center Experience
Jonathan Wasserberg1, Robert Veres1, Milan Urbansky1
1Department of Neurosurgery, Mafraq Hospital, Abu Dhabi, United
Arab Emirates

Introduction: Surgical treatment strategies for thor-
aco-lumbar spine fractures differ widely around the world.
Choice of operative approach varies depending on many
factors including fracture classification, presence of spinal
cord injury andwhether subluxation or dislocation is present.
Combinations of anterior and posterior approaches vary
depending on surgeon choice, available resources and fracture
morphology. We reviewed our experience of thoraco-lumbar
vertebral fractures treated at our institution from Jan 14 –May
2015 to determine if our policy of posterior multi- level
segmental fixation produced acceptable restoration of spinal
alignment and reduction of kyphosis.

Materials and Methods: A retrospective cohort review
was performed using the hospital electronic medical records
system (Cerner, USA). All surgical cases were identified from
the operating theater records. Only fractures from T1 to L5
were included. Imaging was reviewed using the hospital PACS
system and classified according to the AO thoraco -lumbar
classification system. Spinal cord injury was classified accord-
ing to the ASIA scale.Post-operative images were reviewed
and levels of fixation recorded. Accuracy of screw placement
was assessed. Neurological status at discharge was recorded.

Results: 135 cases of TL fracture underwent surgery via
an open posterior approach. Screw placement was performed
using C-arm fluoroscopy.Data on the extent of kyphosis
reduction is presented. Post-operative results in cases of
vertebral subluxation and dislocation are presented. Early
surgical outcome in cases with spinal cord injury are pre-
sented.Due to the high level of loss to follow up in our region
we were unable to carry out longitudinal outcome studies.

Conclusion: The majority of thoraco -lumbar fractures
can be managed by posterior approaches alone with good
surgical outcomes. Type C fractures and fractures with dural
tears and nerve damage can be adequately dealt with via this
approach. The majority of cases had pedicle screw fixation
two levels above and one level below the affected level. This
strategy allowed good reduction of deformity, especially for
fractures at L1, where fixation only to T12 can be associated
with late onset of adjacent segment degeneration.The inabili-
ty to carry out longitudinal outcomemeasures is an acknowl-
edged weakness of our study, but the short-term surgical
results are comparable to those in the literature using other
surgical strategies.This retrospective cohort review supports
our continuing use of the posterior multi-level segmental
approach for T-L fractures irrespective of fracture type.

GO017. Thoracoscopic Vertebral Body Replacement of Burst
Fractures in the Thoracolumbar Spine with a Distractable
Titanium Cage
Christof Wutte1, Reinhold Ortmaier1, Herbert Resch1, Fabian
Plachel1, Robert Bogner1
1Department of Traumatology, University Hospital Salzburg,
Salzburg, Austria

Introduction: The treatment of burst fractures in the
thoracolumbar spine is controversially discussed. Therapeutic
options reach from conservative measures up to the mean-
while established approach through dorsoventral stabiliza-
tion. Thoracoscopy-assisted operation methods have been
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applied to restore the anterior column in the ventral spine for a
couple of years. This approach helps to avoid invasive thoraco-
and laparotomies and prolonged healing periods. These pro-
cedures are associated with certain complications such as
chronic pain syndrome in over 50% of affected individuals. The
Hydrolift (B. Braun Aesculap) is an infinitely variable, expand-
able vertebral body replacement available for thoracoscopy-
assisted implantation. The aim of this study was to evaluate
the clinical and radiological outcome, patients’ reintegration
in the working environment and possible restrictions during
athletic and daily-live activities.

Materials and Methods:We performed a retrospective
analysis including 30 patients (m:f ¼ 24:6, average age: 56
years) with fractures of the vertebral bodies Th12 and L1 (3
A3.2, 23 A3.3, 4 B2.3), that have been treatedwith an infinitely
variable, expandable vertebral body replacement (Hydrolift, B.
Braun Aesculap) and an axis-stable plate (MACS, B. Braun
Aesculap) in the Department of Traumatology of the Univer-
sity Hospital Salzburg, Austria between 03/2009 and 09/2013.
A clinical follow-up, an assessment of the impairment through
questionnaires (Oswestry Disability Index and VAS Spine) and
a radiological evaluation of the position and osseous integra-
tion of the cage through CT have been collected after an
average of 22 (18–47) months.

Results: 11 out of 30 patients have the same quality of
life as prior to the injury, 13 have low-grade restrictions. After
an average recovery period of 5 months, 56,7% of the patients
are 100% reintegrated in their previous working life, 36,7% can
continue working up to 75%. 1 Patient has changed his
profession to a physically less challenging field, 1 patient is
unable to work. 5 patients were retired prior to the accident.
The outcome of the Oswestry Disability Index shows a low-
grade impairment in everyday life with an average of 12,9%
(0–40%). The analysis of the VAS Spine shows scores between
47,4% and 96,0%, with an average of 80,5%. A correction of
11,4° could be achieved after dorsoventral stabilization. The
correction loss after reconstruction of the ventral spine with
Hydrolift amounts to 1,8°. An osseous integration of the
implants was observed in 96,7% of the patients. Two cases
of a mild dislocation of the Hydrolift into the adjacent verte-
bral body took place, without any clinical relevance.

Conclusion: A stable treatment of burst fractures in the
thoracolumbar spine can be achieved through a ventral
spondylodesis with the Hydrolift and axis-stable MACS plate.
The thoracoscopy-assisted operative treatment with Hydrolift
is a successful method, due to stability, low additional mor-
bidity, a high reintegration rate in the patients working
environment (96%) and a high continuation of their familiar
athletic activities.

GO018. Surgical Treatment of Burst Fractures of the
Dorsolumbar Spine by Short Segment Posterior
Instrumentation. To Fuse or Not to Fuse?
Wael Koptan1, Mohammad El-Sharkawi2, Yasser ElMiligui1
1Department of Orthopaedics, Faculty of Medicine, Cairo University,
Cairo, Egypt
2Departmentof Orthopaedics, Faculty of Medicine, Assiut University,
Assiut, Egypt

Introduction: The concept of ‘Ligamentotaxis’ using
short segment posterior instrumentation and fusion is widely
accepted for managing unstable burst fractures of the dorso-
lumbar spine. The aim of thiswork is to study the possibility of
performing this procedure without fusion.

Materials and Methods: This is prospective random-
ized study included 54 patients with burst fractures of the
dorsolumbar spine treated with short segment posterior
instrumentation without fusion (Group 1); compared with a

similar group of 47 patients that were treated by the same
technique with posterolateral fusion using iliac crest auto-
graft. Patients were followed up for an average of 5y.

Results: In Group 1, all patients with neurological
impairment improved 1 to 2 Frankel grades; the VAS improved
from an average of 7.8 to 1.3 and the overall complications
were 4/54. The kyphotic deformity was corrected from an
average of 22.6 degrees to an average of 3.1 degrees; the
average anterior height of the fractured vertebrae was cor-
rected from an average of 65% to an average of 92% and the
compromise of the spinal canal improved from an average of
42% to 14%. Implant failure occurred in 2 patients. There was
no significant difference in these parameters between Groups
1 and 2. In Group 2 there was significantly more operative
time, blood loss, hospital stay and 10/47 complications in-
cluding 2 implant failures.

Conclusion: Short segment posterior instrumentation
without fusion is a safe efficient procedure with significantly
less operative time, blood loss, hospital stay and complications
than when fusion was performed.

GO019. Direct Spondylolysis Repair in Young Adults
Mohammad Negm1

1Department of Orthopaedic Surgery, Al-Azhar University, Cairo, Egypt

Introduction: Spondylolysis is a common problem
affecting all ages but in adolescent and young adult specially
the athletes it represent a significant dilemma asmost of them
starting their life and need a stable free spine, aminority of old
people affected by this disease need medical care, and only a
few require surgery but in athletes and young adult surgery
usually the role. Reconstruction of the pars interarticularis is
an alternative to segmental fusion; this technique has the
advantage of preserving segmental motion. Most authors
report good results for young patients without intervertebral
disc or facet affection

Material and Methods: In this study the fixation of the
isthmus was done with a pedicle screw hook system. This
stable and strongdevice is easy touse, allows an anatomic pars
interarticularis reconstruction and avoids a postoperative
bracing and allow early ambulation. 9 patients were assessed
in this study, the mean age at operation was 24 (range 16–32
years) and the average follow-upwas for 24months (range 6–
36 months). 7 patients showed no preoperative degenerative
disc disease and 2 patients had grade 1 changes. The visual
analogical scale, the Oswestry disability index (ODI were used
for assessment of pain and clinical outcome before and after
surgery.

Results: The resultswere from “excellent” to “good” for
8 patients and “fair” for one of them. The fusion rate was
observed in all cases. Among patients results are from “good,”
to “excellent” in all cases and consolidation was always
observed. All of them showed normal disc height after the
surgery.

Conclusion:Direct spondylolsis repair by pedicle screw
hook system is an excellent and reliable method in manage-
ment of spondylolysis especially in intact disc in young adults

GO020. Long Segment Posterior Instrumentation with
Interbody Fusion using Locally Harvested Bone Graft for
Fracture Dislocations of Thoraco Lumbar Spine: An Outcome
Study of 60 Cases
Kamran Farooque1
1Department of Orthopaedics, JPNATC, AIIMS, New Delhi, India

Material and Methods: Sixty (60) cases of Fracture
Dislocations of thoraco lumbar spine were treated at JPN
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Apex level one Trauma Center, A.I.I.M.S., New Delhi, from Jan.
2008 to April 2014. All the caseswere treated by long segment
pedicle screw constructs, two levels above and below the
dislocation level, from a posterior approach. A combined
posterior and postero lateral decompression from posterior
approach was done in 56 cases. In 3 cases, only posterior
decompression by complete laminectomy was done. In one
case only, additional anterior decompression from anterior
approach was done along with posterior approach. Partial
corpectemyand interbody fusion usingHarms typemesh cage
was done in 20 cases. Complete Discectomy at the dislocation
level and Interbody Fusion, using locally harvested bone graft
(Spinous process and Lamina) from the posterior decompres-
sionwas done in 32 cases. A partial corpectemy and interbody
fusion using the TLIF banana type cageswas done in 4 cases. In
Situ postero lateral fusion was done in 3 cases. In one case,
additional anterior surgery along with posterior surgery was
done to achieve anterior reconstructionwith expandable cage.

Results: Follow up of cases ranged from one year to six
years. There was no case of implant failure or loss of fixation,
in any of the 60 cases. Fusion was achieved in all cases, as
evidenced by direct and indirect markers. All patients
achieved at least a sitting balance. 20 patients were ambulat-
ing on wheel chair, while 40 patients achieved independent
mobilization, with or without the help of calipers and braces.
Neurologic recoveryof one ASIA gradewas seen in 15 patients,
and two ASIA grades was seen in 20 patients. There was no
neurologic recovery seen in 25 patients. There was deep
seated infection, in two cases, which resolved with debride-
ment and antibiotics. Sacral bed sores developed in six cases,
which were treated by local flaps.

Conclusion:: Long segment posterior fixation, two
levels above and below the injury from a posterior only
approach is sufficient and adequate treatment for fracture
dislocation injuries of thoraco lumbar spine. Interbody Fusion
using locally harvested bone graft is a novel technique to
enhance the fusion rate and minimize instrumentation
failures.

GO021. Posterior Spinal Fixationwith Fusion versuswithout
Fusion in Treatment of Dorsolumbar and Lumbar Fractures
Tameem Elkhateeb1, Abdelrady Mahmoud1
1Department of Orthopedic and Spine Surgery, Ain Shams University,
Cairo, Egypt

Introduction: Operative treatment in the form of pos-
terior fixation with or without fusion has moved to the
forefront of fracture management as it helps decreasing
morbidity and mortality with better return to work and
satisfactory functions. The aim of the study is to compare
the results of posterior spinal fixation with fusion versus
without fusion in cases of dorsolumbar and lumbar fractures
both clinically and radiologically.

Material and Methods: A randomized clinical trial
conducted on 60 patients in Ain Shams University Hospitals
in two groups: Group (A): posterior spinal fixationwith fusion
(30 patients); Group (B): posterior spinal fixation without
fusion (30 patients). All patients have dorsolumbar and/or
lumbar spine fractures and are candidates for posterior spinal
fixation. Inclusion criteria: Age group (<45 years). Both sexes.
Neurologically intact patients with kyphotic angle more than
20° or decreased vertebral body height more than 50% or a
canal compromise more than 50%. Single or multilevel spinal
injury. Exclusion criteria: Any patient who will need anterior
fusion according to load sharing classification (�7). Incom-
plete or complete neurological deficit. Advanced spondylosis.
Fracture of pars interarticularis. Fracture of facet joints. Pre-
operative evaluation includes history, examination, and ra-

diological evaluation. All patients were done under general
anesthesia in prone position. A standard midline posterior
approach was used to expose the desired levels for fixation.
Posterior instrumentation using pedicular screws (in non-
fusion group, only top loading rod systems were used as side
loading and plate systems may damage facet joints). Posterior
and intertransverse fusion was used in fusion group.

Results: Operative time was shorter in non-fusion
group (107.5 minute) than fusion group (140.83 minute).
Intraoperative blood loss was less in non-fusion group
(330.33 ml) than fusion group (368.33 ml). The mean of lost
correction of vertebral body height % in fusion group was 7.9
while themean of lost correction of vertebral body height % in
non-fusion group was 8.07. This is statistically not significant
with P-value > 0.05 (0.917). The mean of lost correction of
Cobb angle in fusion group was 6.7° while the mean of lost
correction of Cobb angle in non-fusion groupwas 8.65°. This is
statistically significant with P-value < 0.05. The mean seg-
mental motion after removal in fusion group was 1.73° while
the mean segmental motion after removal in non-fusion
group was 11.62°. This is statistically significant with P-
value < 0.001.

Conclusion: Posterior spinal fixation without fusion
yielded satisfactory results similar to those of posterior spinal
fixation with fusion in patients with dorsolumbar fractures
with a load sharing score < 7.

Deformity Thoracolumbar Adolescent 2

GO022. Single Stage Hemivertebra Excision and Correction of
Congenital Scoliosis
Yasser Elbanna1
1Department of Neurosurgery, Division of Spine, Alexandria
University, Alexandria, Greece

Introduction: Congenital scoliosis isa progressive
three-dimensional deformity caused by congenital anomalies
of vertebrae that result in an imbalance of the longitudinal
growth of the spine. Failure of the vertebral formation if
complete will produce hemivertebra with unilateral pedicle

Material and Methods: The study included 30 patients
with thoracic (16)and lumbar (14) hemivertebra. Posterior
only hemivertebra resectionwith correction by short segment
fixation was done for all cases. Intr-operative monitoring was
used in (11) cases.

Results: Full correction was achieved in all cases.
Temporary neurological deficit occurred in only two cases.

Conclusion: Because of the development in anesthesia
and post-operative care, today posterior hemivertebra resec-
tion has become the standard treatment method for the single
hemivertebra of the thoracolumbar and lumbar region.

GO023. Prognostic Factors of Thoracic Hypokyphosis after
Posterior Spinal Fusion in Adolescent Idiopathic Scoliosis
using by All Pedicle Screws Instrumentation
Perez Vergara Silvia1, Rubio Belmar Pedro1, Bas Hermida
Teresa1, Bas Hermida Paloma1
1Departament of Surgery, University Medical Valencia, Valencia, Spain

Introduction: The use of pedicle screws has spread as a
method of correction of scoliosis, by his great power correc-
tion in the coronal plane and low failure rate . The problem
with pedicle screws in scoliosis correction is possible to
produce hypokyphosis (thoracic kyphosis < 20 °) leading to
the disappearance of the lumbar lordosis, increased junctional
kyphosis in cervicothoracic union and impairment of respira-
tory function. Our goal is to determine the degree of
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postoperative kyphosis and the factors that influence the
correction of such deformity in the sagittal plane.

Material and Methods: We present the results of a
retrospective analysis of 202 patients with adolescent idio-
pathic scoliosis after surgery. 64 patients were selected with
an average age of 13 years with two years of follow-up.
Inclusion criteria were: patients undergoing adolescent idio-
pathic scoliosis, by the same surgical teamusing instrumented
posterior fusionwith all pedicle screws using 3 different types
of instrumentation (different hardness and diameter). They
were evaluated pre and postoperative radiographic param-
eters. We performed an univariate analysis to quantify the
preoperative and postoperative kyphosis, and performed a
multivariate binary logistic regression analysis of the factors
influencing the postoperative kyphosis with a statistically
significant association (p < 0.05 or OR when this interval
does not contain 1). The parameters considered are: demo-
graphic, kyphosis (T4-T12) and lordosis (T12-S1) pre and
postoperative, Cobb angle pre and postoperative main curve,
type of instrumentation and fusion levels Hypokyphosis
postoperative consider if it is < 20 ° or if no improvement
> 5°.

Results: Themeanpreoperativekyphosis is 27 ° (6 ° -45
°) and postoperative is 21 ° (10 ° -40 °), decreasing an average
of 6°. In the preoperative study 15 patients (23.4%) had
hypokyphosis, 6 patients (9.4%) hyperkyphosis and 43 pa-
tients (67.2%) normal kyphosis. 47% of patients with preoper-
ative hypokyphosis remained postoperative hypokyphosis,
and 46.5% of patients with preoperative normal kyphosis
ended in postoperative hypokyphosis. Variables showing a
statistically significant effect for the occurrence of postopera-
tive hypokyphosis: young patients, the worse correction in
coronal plane, and type of instrumentation used (smaller
diameter and low hardness) (p < 0.05 OR 0.98). No statistical
occurrence ratio of postoperative hypokyphosis to the num-
ber of fusion levels or cobb angle of the main curve (p > 0.05)

Conclusion: The pedicle screws hold prior to surgery
thoracic kyphosis in 87%. The use of rigid and larger diameter
bar appears important in preventing hypokyphosis factor
associated with scoliosis. Minimize the risk of the presence
of hypokyphosis and therefore improve postoperative sagittal
profile is related to the type of instrumentation, the correction
in the coronal plane and the age at which the patient is
performed to the correction of the deformity. The limitations
of our study are the selection and limited number of cases,
intraobserver variability in measurements and the lack of
clinical and functional impact of the results.

GO024. Should the Spinous Process be Harvested as Bone
Graft in Idiopathic Scoliosis Surgery?
Po-Liang Lai1, Yu-Cheng Yeh1, Chi-Chien Niu1, Lih-Huei Chen1,
Wen-Jer Chen1
1Department of Orthopaedic Surgery, Chang Gung Memorial
Hospital, Taoyuan, Taiwan, Province of China

Introduction: The spinous process is commonly re-
sected during posterior fusion of adolescent idiopathic scoli-
osis (AIS) to allow for a wider fusion bed and more local
autologous bone graft. However, the spinous process is an
important structure in the posterior ligament complex and
anchors paraspinal muscles. With the development of pedicle
screw instrumentation and the potential fusion ability in
adolescents, the need for resecting the spinous process in
this procedure should be further investigated. The purpose of
this study is to compare the fusion rate, duration of surgery,
blood loss, surgical outcomes and complications between
harvesting and preserving the spinous process in posterior
spinal fusion of AIS.

Material and Methods: From January 2003 to Decem-
ber 2008, 104 consecutive AIS patients who underwent
primary posterior fusion with local autologous bone grafts
and who were followed for a minimum of 24 months were
reviewed. The patients were divided into a harvesting group
(n ¼ 61) who had the spinous process harvested, and a
preserving group (n ¼ 43) who had the spinous process
preserved. Radiographic assessments of structural curves
were reviewed pre-operatively, 3 days, and 3 and 6 months
post-operatively, and then annually. Blood loss, duration of
surgery, pseudoarthrosis, post-operative back pain and other
complications were also recorded at these time points and
compared between the two groups.

Results: There were no significant differences in the
duration of surgery between the harvesting and preserving
groups (216�47 versus 224�50 minutes, p ¼ 0.40), how-
ever blood loss was significantly higher in the harvesting
group was statistically higher (983 � 446 ml) than in the
preserving group (824 � 361 ml; p ¼ 0.048). The pre- and
post-operative Cobb angles, correction rates, and loss of
correction of the structure curves were similar in both
groups. Based on radiographic evaluation, the incidence
of pseudoarthrosis was similar in both groups (3/58 versus
2/41; p ¼ 0.95). Post-operative back pain or soreness was
significantly higher in the harvesting group (16/58 versus 4/
43; p ¼ 0.03).

Conclusion: The surgical outcomes and fusion rates
between harvesting and preserving the spinous process were
comparable, despite significantly lower blood loss and less
back pain or soreness in the preserving group. Thus, resecting
the spinous process as local autologous bone graft may not be
necessary in posterior fusion for AIS patients.

GO025. Near Preoperative Shoulder and Trunk Range of
Motion during Gait after Surgical Correction of Adolescent
Idiopathic Scoliosis
Roderick Holewijn1, Idsart Kingma2, Marinus de Kleuver1,
Janneke Schimmel3, Noël Keijsers3
1Department of Orthopedic Surgery, VU University Medical Center,
Amsterdam, The Netherlands
2Research Institute MOVE, VU University, Amsterdam, The
Netherlands
3Department of Research, Sint Maartenskliniek, Nijmegen, The
Netherlands

Introduction: Surgical correction for adolescent idio-
pathic scoliosis (AIS) results in a good correction of the
deformity, but it was previously shown that the motion of
the spine is diminished during stationary bending move-
ments.1,2 It is unknown whether this is also true for spinal
motion during gait and whether the unfused segments and
shoulders compensate for the loss of motion of the fused
segments. Therefore, this study aimed to identify whether a
reduced range of motion (ROM) of the fused segments during
gait can be demonstrated, and if and how this is compensated
in the unfused spinal segments, and/or shoulders.

Material and Methods: Twelve AIS patients who un-
derwent a surgical scoliosis correction underwent gait analy-
sis preoperatively and at three and twelve months follow-up.
The ROMof the shoulders and the trunk at T5-T7, T10-T12, L1-
L3 and L3-L5 relative to the pelvis was measured during gait
on a treadmill at 5 km/h The ROMwasmeasured in the frontal,
sagittal and transverse plane using retro-reflective skin
markers (VICON). Spinal levels above T5 and below L3 were
left unfused. A two-way repeated measures ANOVA with
factors surgery and trunk locations was performed. For the
shoulders, a one-way repeated measures ANOVA with factor
surgery was used. Post hoc Bonferroni tests were used to
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analyze differences between pre-operative, 3 months and 12
months follow-up measurements.

Results: At themeasured trunk locations, ROM relative
to the pelvis showed a significant decrease after surgery in the
sagittal (p ¼ 0.027) and transverse planes (p ¼ 0.004) and an
increase in the frontal plane (p ¼ 0.049). No interactions
between surgery and trunk location was found, indicating
that the effects of surgery on the ROM did not differ between
the fused and unfused trunk locations. Post hoc analysis
revealed a small but significant decrease of the mean ROM
of the trunk locations only in the transverse plane ROM from
7.1 degrees (SD=2.1) pre-operative to 5.1 degrees (SD=1.5) at 3
months (p ¼ 0.004) and 5.1 degrees (SD=1.9) at 12 months
follow-up (p ¼ 0.012). A significant effect in shoulder ROM
after surgery was found in the transverse plane (p ¼ 0.024)
but not in the frontal (p ¼ 0.20) and sagittal planes (p ¼ 0.25).
Shoulder ROM in the transverse plane decreased from 11.2
degrees (SD=4.3) pre-operative to 8.2 degrees (SD=3.7) at 3
months follow-up (p ¼ 0.005). Though, at 12 months follow-
up the decrease in ROM was not significantly different in
comparison to pre-operative with a ROM of 9.4 degrees
(SD=2.9).

Conclusion: Spinal fusion resulted in a small decrease
in sagittal and transverse plane ROM of the trunk segments
and the shoulders during gait, whereas frontal plane ROM
increased. Shoulder ROM in the transverse plane recovered to
pre-operative values at 12 months follow-up. The decrease in
trunk ROM occurred in both fused and unfused spinal seg-
ments. No increased compensatory motion was detected at
the unfused areas of the spine or the shoulder girdle. Adoles-
cent patients manage to maintain near pre-operative trunk
and shoulder ROM during gait despite long spinal fusion. This
may well explain why patients function so well in daily life
after surgery.
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GO026. The Development of a Core Outcome Set for
Adolescents Undergoing Spinal Deformity Surgery: An
AOSpine Knowledge Forum Deformity Initiative
Tsjitske Haanstra1, Miranda van Hooff2, Niccole Germscheid3,
Marinus de Kleuver4
1Department of Orthopedic Surgery, VU University Medical Center,
Amsterdam, The Netherlands
2Department of Research, Sint Maartenskliniek, Nijmegen, The
Netherlands
3Department of Research, AOSpine International, Davos, Switzerland
4Department of Orthopedics and Department of Orthopedic Surgery,
Sint Maartenskliniek, VU University Medical Center, Nijmegen, The
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Introduction: Routine patient-related outcome moni-
toring is gaining importance in medical care. Health care
providers are putting more emphasis into assessing the value
(health gain per unit cost) of treatment provided. Outcome
registries including patient-reported outcome (PROMs) data
such as patient satisfaction, patient expectations, and health-

related quality of life, can provide evidence and insight into
the quality of care within and between care facilities and in
comparing different treatment strategies. In particular for
spinal deformity surgery where randomized controlled trials
(RCTs) are unethical and not practical, and there is tremen-
dous variability in management strategies, outcomemonitor-
ing by the means of outcome registries would be of value.
Outcome registries are most valuable if they are comparable
between countries and include outcomes that are relevant to
the patient population of interest. Therefore, it is of utmost
importance to internationally agree upon the most important
outcomes and candidate predictors of outcomes to measure.
The COSSCO1 (Core Outcome Set for SCOliosis) project aims to
reach consensus across the Nordic Spinal Deformities Society
(NSDS; Sweden, Denmark, Finland, Norway, and the
Netherlands) about which patient relevant outcome domains
are to be included in outcome registries for adolescents (10–
25 years) undergoing spinal deformity surgery (e.g., adoles-
cent idiopathic scoliosis, Scheuermann kyphosis), from both
the patients’ and clinicians’ perspective.

Material and Methods: A spinal deformity surgeon
representative from each of the NSDS registries was invited
to participate in amodifiedDelphi studywith three consensus
rounds. Using the World Health Organization's International
Classification of Functioning, Disability and Health (ICF)
framework, a list of 39 potential core domains was drafted
based on a systematic reviewof the literature andpresented to
the Delphi participants who were asked to vote which do-
mains were essential. A threshold of 70% consensus was used.
The first consensus round was held face-to-face during the
NSDS-meeting in August 2015. The second and third consen-
sus rounds will be completed through web-based surveys
before the end of 2015. In each round suggestions about
overlap, aggregation, or additional core domains are used as
input for subsequent rounds. After consensus is reached about
which domains are “core,” further consensus rounds will be
initiated on the appropriate measurement instruments to
measure the core outcome domains and on the factors that
contribute to these core outcomes (predictive factors).

Results: COSSCO1 will be completed in February 2016.
These results will then be validated among patients (and their
parents) and translated into a uniform outcome instrument
that will be implemented in the five Nordic national spine
registries.

Conclusion: The development of this outcome set will
facilitate comparisons across studies, registries, and nations to
improve the quality of daily clinical practice in adolescents
undergoing spinal deformity surgery.

Acknowledgments: We would like to thank the repre-
sentatives of each NSDS countries for their participation in the
COSSCO1 project, theAOSpinedeformity knowledge forum for
their financial and administrative support, prof. dr. David
Polly for moderating the consensus meeting and Roderick
Holewijn and Sayf Faraj for their administrative support.

GO027. Apical Vertebral Rotation Assessment in AIS:What is
the Best Method Scoliometer, X-ray or MRI?
Woojin Cho1
1Albert Einstein Colleg of Medicine/Montefiore Medical Center, New
York, New York, United States

Introduction: There are many factors correlated to the
vertebral rotation in AIS patients such as the distancebetween
the apex of rib and vertebra (rib-vertebral distance: RVD) on
lateral X-rays, MRI or the Scoliometer measurement. Howev-
er, no study has shown the relationship between those factors
and the apical vertebral rotation.
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Methods: Out of 380 consecutive AIS patients who
underwent corrective surgery, 22 patients who had preoper-
ative MRI and complete radiographic images stored in PACS
were identified. Various angles and distances including Main
Thoracic curve (MT), T5–12 sagittal profile, Apical Vertebral
Translation (AVT), Apical Vertebral Rotation (AVR), RVD, trunk
depth, and axial rotation of apical vertebra on MRI (AVRMR)
were measured. Scoliometer angles (SA) for these patients
were found in the charts as well. Rib Trunk ratio (RTR) was
calculated by RVD/trunk depth. Each paired value was com-
pared with find any significant correlation.

Results: The radiographic measurement and correla-
tion values are shown in the table. There was no significant
correlation between thoracic and lumbar parameters while
the larger curves had the greater rotation. RTR was correlated
with MT, T5–12 and T-AVT, but not T-AVR. MRI and Scoli-
ometer could not predict the T-AVR as well.

Conclusion: This study shows that we can predict the
amount of coronal and saggital deformities from lateral X-
rays, but not the axial rotational deformities. Supine MRIs
cannot predict AVR and standing MRIs may be helpful. Scoli-
ometer angles predict L-AVR, but not T-AVR probably due to
the combination of rib cage deformity and vertebral rotation.
During the corrective surgeries in AIS, deformity surgeons
may still need to consider the deformity of rib cage itself, even
with the direct derotation of vertebral column.

Figure 1

Novel Technologies 1

GO028. Predicting High Surgical Treatment Costs at Primary
Spinal Tumor Patients
Zsolt Szövérfi1, Aron Lazary1, Izabella Koszó1, Kornél Papik1,
Péter Pál Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: Surgical treatment cost of primary spinal
tumors -due to the complexity andmagnitude of the surgery-
can be high. From a healthcare provider perspective being
aware of those factors that influence treatment cost is essen-
tial for the best hospital resource management. However the
impact of the individual patient characteristics on direct
medical costs is unknown. Our objective was to identify those
preoperative factors that predict a high direct cost at patients
with surgically treated primary spinal tumors.

Material and Methods: A retrospective micro-costing
study was conducted from a healthcare provider perspective.
Total cost per patient resulted from the aggregation of inpatient-
days costs, ICU days costs, OR time costs (surgery and anesthesi-
ology), medication costs, blood transfusion costs and other
material costs, including appropriate allocation of overheads.
Patients with primary spinal tumors operated in the National
Center for Spinal Disorders between 2011 and 2014 were

selected. Theprognostic valueof tenpreoperative factors (dignity,
previous surgery, pathological fracture, neurological dysfunction,
age, spinal level, ASA score, Charlson Comorbidity Index, BMI,
tumor volume) was investigated in linear regression modelling.

Results: 72 surgically treated primary spinal tumor
patients were included in the study. Median length of hospital
stay was 12 days (3–115), the median ICU treatment was 1.4
days (0–21.7), the median OR time was 2.8 hour (0.4–20.4).
Median cost per patient was 3,088.5 (537.7 to 21,860.6 ). In the
univariate analysis only ASA score, Charlson Comorbidity Index
and pathological fracture were not significantly associated with
higher cost. The seven significant variableswere further assessed
in a multivariate model. Dignity, previous surgery, spinal level
and tumor volumewere associated with high cost and preoper-
ative neurologic dysfunction showed only a trend toward signif-
icance (wholemodel: R=0,69, R2=0,44, df=5, F=12,34 p < 0,001).

Conclusion: The present study identifies four predic-
tive variables for high hospital cost related to primary spinal
tumor surgery. Malignant tumors, previous surgery, sacral
involvement and large tumor volume significantly increase
the cost of treatment. This method of cost analysis provides
useful insights for resource management in the surgical
treatment of spinal tumors.

GO029. A Novel Technique to Reconstruct Anterior Cervical
Spine after Total Removal of C2 and C3 Vertebrae
Haghnegahdar Ali1
1NeuroSpine, Department of Neurosurgery, Chamran Hospital, Shiraz,
Islamic Republic of Iran

Introduction: Reconstruction of C2 body in cases who
need removal of C2 bodyand Axis is a challenging issue, due to
difficult approach and small area for instrumentation and
grafting, especially in pediatric age group.

Material and Methods: Our patient underwent a two-
stage surgery. During the first operation via a posterior
approach, a subtotal resection of a C2 bony mass was per-
formed. C3 was also subtotally resected due to tumor exten-
sion. Posterior fixation of C1–C5 was performed by C1
sublaminar hooks and C4 and C5 lateral mass screws. Ten
days later, a total resection of the residual bony mass was
performed through an anterior approach (between the ster-
nocleidomastoid muscle and carotid sheath). Reconstruction
of C1–C3 was performed with C1 anterior sublaminar wiring
and an expandable titanium cage.

Results: Successful reconstruction of C2–C3 vertebral
bodies was achieved. At 2-year follow-up, the child was
symptom-free. Imaging studies revealed no recurrence of
tumor or instability.

Conclusion:Anovel technique for reconstruction of C2–
C3 vertebral bodies is demonstrated for the youngest case (a 6-
year-old boy) of osteoblastoma in the literature. We recom-
mend this approach for cervical spine reconstruction in pa-
tients who have an intact C1 arc and resected lower bodies.

GO030. Augmented Reality Mobile Applications to
Interactively ShowComplex Spine Pathologies: First Version
Marcelo Galvez1, Gonzalo Rojas1, Jorge Fuentes2, Takeshi
Asahi2, Carlos Montoya2, Aarón Vidal1, Willam Currie3, Andrés
Chahin4
1Department of Radiology, Clinica las Condes, Santiago, Chile
2Clínica las Condes, Santiago, Chile
3WillCorp Chile, Santiago, Chile
4Spine Center, Clínica las Condes, Santiago, Chile

Introduction: Visualization of complex human body
structures such as the spine and his malformations such as,
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foraminal stenosis, spine stenosis, and herniated disk is a
challenge. Augmented Reality is the combination of a real
scene supplemented, or augmented, by computer generated
information, such as image, video or graphical animations.
Android and iOS based mobile devices such as smartphones
and tablets are being increasingly massive adoption and with
higher performance characteristics.

Material and Methods: Sagittal 2D T2w TSE sequence
MRI (TR 4420milliseconds, TE 130milliseconds, FoV320x320,
Matrix 448x448, Voxel Size 0.7x0.7x3 mm) and sagittal CT
(kVp 140, 1 mm slice thickness, 0,30x0,30 mm pixel spacing,
B31s kernel) images were scanned in a 57 years old male
patient. Both images were co-registered using “Linear regis-
tration” algorithm of 3D Slicer v 3.6 software. CT image was
segmented using threshold option (113–1303 Hounsfield
units) of 3D Slicer and then L4-L5 vertebral bodies was
extracted manually using ImageJ v1.49n version. The L4-L5
intervertebral disk was segmented using “simple region
growing” algorithm of 3D Slicer, and then was cleaned manu-
ally using ImageJ software. Mesh of L4-L5 and intervertebral
disk was generated using 3D Slicer “Model Maker” algorithm
with default options, and HC Laplacian smoothing (MeshLab
software). The iOS-Android applicationwere created using C#
language and software tools: Unity 4.5x (graphic engine;
www.unity3d.com), 3Ds Max (www.autodesk.com), Visual
Studio 2013 (www.microsoft.com), and Qualcomm Vuforia
for Unity Android & iOS (Augmented Reality, developer.vufo-
ria.com).

Results: By focusing the printed target image using
iOS-Android app,L4-L5 vertebral bodies and the intervertebral
disk of the patient was shown in 3D. The user can rotate the
spine with the two-finger twist gesture, by rotating the view
angle over the target image, or rotating the target image itself.
The size of the spine can be changed bymodifying the distance
between the mobile device and the target image, or by the
pinch gesture. Augmented reality demonstrated new views
from inside spine (using total immersion feature of augment-
ed reality) and relationship of normal structures and different
pathologies.

Conclusion: The application described here demon-
strates the use of augmented reality technique with medical
images of patients with spine pathologies. The application
shows how to use ubiquitous mobile devices to display
advanced medical information in a 3D interactive application.
The application is useful to show, explain and describe in a 3D,
interactive and immersive way the spine pathology that the
patient has. More work must be done to create an automatic
CT-MRI registration, segmentation, creation ofmesh, smooth-
ing and decimation of vertebral bodies and an intervertebral
disk.

GO031. Psychosocial Representations of the Illness before
Lumbar Spine Surgery and Their Effects on Recovery
Petra Pócza-Véger1, Márta Csabai2, Pál Barzó1
1Department of Neurosurgery, University of Szeged, Szeged, Hungary
2Institute of Psychology, University of Szeged, Szeged, Hungary

Introduction: Psychosocial representation of the ill-
ness means those personal and mental meanings and
thoughts which the patient connects with his/her own condi-
tion. The examination of representation of the illness is very
important to understand the behavior of the patients because
these representations contain of the patients’ beliefs about
their illness or injury. These beliefs influence the cure, the
duration of recovery and these beliefs affect the strategies,
which the patients use to cope with the illness. In clinical
environment, the nonverbal methods help the exploration of
representations of the illness, since the physical status can

hamper the verbal expression of burdens (for example: pain,
suffering). In such cases, we can use the PRISM task (Pictorial
Representation of Illness Self-Measure) tomeasure theburden
of suffering.

Methods and Materials: In our research, there have
been 110 inpatients (52 men). We have examined the
patients before lumbar surgery, using the following tests:
Psychological Vulnerability Questionnaire, Hospital Anxiety
and Depression Scale, Somatosensory Amplification Scale
and PRISM-D (drawing version of PRISM task) and we
followed how many days the patients stayed at the clinic
after the operation. Using the PRISM-D, we are observing the
patients drawing the in some spatial formations, which are
the following: 1. Self-shield (the patient draws the important
things around herself/himself), 2. Illness-shield (the patient
draws the important things around the illness), 3. Protective
line (the patient draws the important things in horizontal or/
and vertical line), 4. Network (the important things and the
illness are diffused in space of the current life), 5. Fusion (the
important things and the illness intersect with the self or
every circle intersect with each other), 6. Self-part (the illness
is drawn in the self and the other important things are
located far away from the self).

Results: We have found that those patients who have
drawn their illness in their own Self (Self-part), went home
later than the other patients (Self-shield: p ¼ 0,004, Fusion:
p ¼ 0,026, Illness-shield: p ¼ 0,008, Protective line:
p ¼ 0,036, Network: p ¼ 0,004). But those patients, who
represented their illness in Self-shield spatial formation,
went home earliest (mean: 4,14 days). Although, these pa-
tients were the most vulnerable in the whole population.

Conclusion:Our results suggest the illnessmodifies the
self-identity because the information related to the pain
becomes the most essential in the organization of the self. It
could be problematic, if majority of the self-scheme consists of
illness-scheme. We can see this in Self-part spatial formation,
thus it is affirmable if the illness-scheme increase within the
Self, the recovery will slow down. This is often the case with
the patients having low back pain.

GO032. The Shilla Growth Guidance Technique for Paediatric
Scoliosis at 3-year Follow-up: a Preliminary Report
Nick Sekouris1, Anastasia Pilihou2, Eugenios Vlahos3,
Konstantinos Soultanis1, Giorgos Sapkas4, Lito Flouda5
1Department of Orthopaedics, Medical School, University Hospital
“ATTIKON,” Athens, Greece
2Department of Orthopaedics, Children Hospital “Agia Sofia,” Athens,
Greece
3Department of Pediatric Orthopaedics, Athens Medical Centre,
Athens, Greece
4Department of Spine Surgery of “Metropolitan” Hospital, Athens,
Greece
5Department of Anaesthesiology, Athens Medical Centre, Athens,
Greece

Introduction: To present the technique and the out-
comes of the use of the Shilla system in children scoliosis.

Materials andMethod: The Shilla systemhas been used
in 4 children of 5 ½ -8 years old to treat scoliosis of 60°-70°. To
place the system, a subperiosteal approach of the apex and a
percutaneous approach of the curve extremities had been
performed. In that way, a spontaneous spinal fusion is
avoided. The edging screws can slip on the rod and permit
spine to grow-up. Cobb angle, screw slipping, T1-S1 length-
ening, and complications had been recorded.

Results: The Cobb angle average improved to 22° from
(65°) and the T1-L1 lengthening average was 6,8 cm. No
spontaneous spinal fusion has been noted. In 2 children, a
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revision surgery to replace the upper thoracic screw and the
rod had been performed. A left leg neurapraxia happened,
which resolved after 1 week. A preserved sagittal balance of
the spine was observed during the 3 years of follow-up.

Conclusion: The percutaneous placement of the tho-
racic screws is used to avoid spontaneous fusion, but this is
challenging and increases the risk of complications. Despite
the complications, in all the children, a good surgical correc-
tion of the scoliosis was done, a normal grow-up has been
noted, and the sagittal balance was preserved instead of other
expandable systems, which are fixed only at the curve
extremities.

GO033. Cell Salvage Use, Benefits, and Costs at Ipswich
Hospital Spinal Unit UK
Tom Marjoram1, Saajid Kaleel1, David Cumming1, Robert
Lovell1, Shaishav Bhagat1, Alisair Hudd1, David Sharp1, John
Powell1
1Ipswich Hospital Spinal Unit, Ipswich, United Kingdom

Introduction: Blood Transfusions cost £122 per unit in
theUKbut theyhave other costs including 1:13000 incorrectly
transfused. 1:7000 risk of adverse reaction. Infection in the UK
overall is 1:1.2milliion for hepatitis B and 1:7million for HIV
with a risk of 1:28million for hepatitis C.

Methods: We analyzed the use of cell saver and blood
transfusion in the Ipswich Spinal Unit (UK). Identifying all
cases inwhich cell saver might be used. Looking at the volume
collected and re-infused to the patient, the pre- and post
operative haemoglobin and the need for blood transfusion

Results: We found that Cell saver was being used for a
variety of cases including Trauma, Revision surgery, Deformity
Correction, Anterior Lumbar fusions, Trans-laminar interbody
fusions and tumor work. Revision surgery alone did not have a
significant need for blood transfusion and cell saver use in
these cases was often (66%) of the time not required. ALIF
surgery only utilized salvaged blood in 10% of cases but the
bleeding in this case was significant and therefore the unit
decided cell salvage would continue to be routine. Overall we
found that the average drop in haemoglobin was comparable
between those patients who had cell salvage technology
utilized during their surgery compared with those who did
not, this was echoed in the post operative blood transfusion
rates. A cost analysis based upon the cost of cell salvage use vs
the cost that would have theoretically been incurred if the
same volume of donated blood had been used showed cell
salvage to cost 43% more that the use of donated blood
products.

Conclusion: Cell salvage is a more financially costly
technology than transfusion from the blood bank. There are
some procedures in which the routine use of cell salvage
should be reserved for specific cases and some where the use
in a small percentage is so beneficial that cell salvage will
continue to be used despite a low overall re-infusion rate. The
additional costs to the patients is to be considered when
discussion donated blood transfusion. The Ipswich Spinal Unit
believes more judicious use of cell salvage technology concen-
trating on the cases inwhichwe found utilization to behighest
would make it more cost effective.

Trauma Thoracolumbar 2

GO034. Epidemiolgy of Multiple Contiguous and Non-
contiguous Thoracolumbar Fractures in a Level 1 Trauma
Center in Upper Egypt
Mohamed Abdo1, Essam Elmorshidy1
1Department of Orthopedics, Assiut University, Assiut, Egypt

Introduction: Multiple level fractures of the thoraco-
lumbar spine are not uncommon nowadays particularly after
increased magnitude of trauma and the availability of screen-
ing facilities. However only few studies have reported its
descriptive epidemiology. The aim of this study is to analyze
the incidence, the characteristics of the patients, surgical
incidence and mortality rate among hospitalized patients
with multiple level thoracolumbar fractures in a level 1
trauma center in upper Egypt

Material and Methods: Out of 471 patients with thor-
acolumbar fractures admitted in Assiut University Hospital
during the year (2014), there were 50 patients with multiple
level fractures. The epidemiology of these 50 patients was
described and analyzed including the method of treatment,
complications and mortality rate.

Results: There were 21 males and 29 females. The
mean age was 28.9þ12.8 years. The commonest associated
injury was fracture calcaneus in 20 patients. 43 patients had
contiguous thoracolumbar fractures while 7 only had non
contiguous fractures. The commonest mechanism of injury
was falling from height in 41 patients.42 patients were
neurologically free. 6 patients were treated conservatively
while 44 patients received surgical treatment.

Conclusion: Treatment for the multilevel thoracolum-
bar fracturesmust follow the same guidelines for treatment as
for the isolated fracture in the majority of circumstance;
however, it requires particular attention and must be
individualized.

GO035. Damage Control Surgery for Thoracolumbar Spine
Fractures by Percutaneous Pedicle Fixation in Polytrauma
Patients: Initial Experience
Manuel Valencia1, Andres Leiva1, Felipe Novoa1, Jose Riera1, Ivan
Contesse1, Juan Illanes1
1Hospital Clinico Mutual de Seguridad, Santiago, Chile

Introduction: Spine fractures in polytrauma patients
are relatively common. About one third require surgical
treatment. Open surgical stabilization in these patients may
increase morbidity and mortality associated with prolonged
surgical time, bleeding and hypothermia. Internal fixation
with minimally invasive techniques is an alternative for the
treatment of vertebral fractures in polytrauma patients, di-
minishing local and systemic risks associated with open
techniques.

Material and Methods: Polytrauma patients with un-
stable thoracolumbar spine fractures, treated by percutaneous
pedicle fixation techniques, between June 2013 and March
2015.

Results: 5 patients. Injury mechanisms involved:
height fall, height fall associated with extensive skin burn of
dorsal region and motor vehicle accidents. Fracture level
where between T6 to L5. According to AOSpine trauma
classification: 3 B2, 1 B3 and 1 A4. Surgery was performed
on an average of 5 days since trauma. 2 levels were fixated in 2
patients, 3 in other 2 patients and one patient had a lumbo-
pelvic fixation. The average of intraoperative bleeding was 70
ml and of operative time was 100 minutes. No patient had
postoperative local infection or complications from surgery.
No patients required revision surgery or deferred anterior
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column stabilization surgery. All patients had at least 6
months follow-up.

Conclusion: Percutaneous pedicle fixation is an alter-
native for treatment of unstable vertebral fractures in poly-
trauma patients with poor general or local conditions. The
results in this series are encouraging in the sense of accom-
plishing stabilization without increasing the morbidity and
mortality associated to basal conditions.

GO036. Outcome after Implantation of a Hydraulic Vertebral
Body Replacement in Traumatic Vertebral Fractures
Michael Kreinest1, Dorothee Schmahl1, Paul A. Grützner1,
Stefan Matschke1
1BG Trauma Center Ludwigshafen, Ludwigshafen, Germany

Introduction: The dorso-ventral stabilization is a fre-
quently used procedure in traumatic vertebral body fracture
treatment. The aim of the study was the analysis of radiologi-
cal images and clinical outcome 3 years after implantation of
an innovative hydraulic vertebral body replacement following
a traumatic vertebral body fracture in the thoraco-lumbar
spine.

Materials and Methods: The study includes all patients
of our Level I trauma center which suffered a singular trau-
matic fracture of a thoracic or lumbar vertebral body (Th 5 - L
5) in the period from 11/2009 until 12/2010, that (i) under-
went dorsal instrumentation and (ii) afterwards underwent
implantation of a hydraulically expandable vertebral body
replacement. The following radiologicalfindings of all patients
were evaluated (pre- and post-operatively and 3 years after
implantation): sagittal angle, implants' subsidence and im-
plants' position. Moreover, the clinical outcome 3 years after
implantation was analyzed by the VAS spine scoring system.
Details about trauma mechanism, current occupation, etc.
were also documented. Statistical Analysis was performed
with the software SAS 9.2.

Results: During the above mentioned period, n ¼ 50
patients could be included in the study. The complete follow-
up including the data 3 years after implantation of the verte-
bral body implant was successful for n ¼ 47 (male: 26; female:
21) patients (follow-up rate: 89%). Themean age of all patients
was46.5�17.0 years. Themain reasons for spinal traumawere
falls (n ¼ 28) and traffic accidents (n ¼ 14). The analysis of the
radiological data showed an average sintering of the implants
of 1.1 � 1.2 mm (range 0.0 - 5.0 mm). After the initial
operation, the local sagittal angle remained stable in the 3-
years-follow up at thoracic spine (5.4� 4.8 ° versus 5.2� 4.8 °;
p ¼ 0.451) and lumbar spine (-7.2 � 6.0 ° versus -7.0 � 6.0 °;
p ¼ 0.451). Furthermore, no change in the implants' position
could be observed. Most of the patients (n ¼ 40) were “gener-
ally satisfied” or “very satisfied”with their outcome. Themean
rating of the VAS spine score was 65.2 � 23.1 (range: 20.5 -
100.0). Activities of daily life are less limited (83.0� 21.8) than
activities concerning the patients’ profession (49.5 � 37.3).
Taking analgesic medication is of clear effect (72.4� 27.4) and
has a positive correlation (p ¼ 0.001) to a higher rated VAS
spine score.

Conclusion: In summary, the current study shows that
the implantation of that innovative hydraulic vertebral body
replacement allows a permanent stable fixation after trau-
matic fractures of the thoracic and lumbar spine. General
complications are rare and the local sagittal angle isfixed after
3 years. Secondary dislocation and serious sintering of the
implant were not observed. The clinical outcome after im-
plantation of the hydraulic vertebral body replacement is
comparable to the outcome after the ventral stabilization
with an iliac crest bone graft. Nevertheless, there is an obvious

reduction in the VAS spine score after dorso-ventral stabiliza-
tion in comparison to the healthy public.

GO037. Spinal Canal Decompression and Neurological
Outcome in Thoracolumbar Burst Fractures; A Review of
Evidence- Based Data
Omar Elwardany1
1Department of Neurosurgery, Suez Canal University, Ismailia, Egypt

Background: The association between neurologic re-
covery and initial compromise of spinal canal has not been
frequently documented and the controversy persists regard-
ing the management of bone fragments within the spinal
canal after thoracolumbar burst fractures. Although, the sur-
gical clearance of the spinal canal, either by direct removal of
bone fragments or by ligamentotaxis, is generally accepted as
the treatment of choice for burst fractures, debate persists as
to whether surgical decompression is necessary to treat burst
fractures.

Objective: To better understand whether the degree of
neurologic recovery from thoracolumbar burst fractures is
affected and predicted by initial compromise of spinal canal
and towhich extent the decompression is helpful, via review-
ing the evidence-based data of the literature.

Methods: Up-to-date, the experimental and clinical
literature concerning the role of, and the biological rationale
for, surgical decompression after acute Spinal Cord Injury (SCI)
were reviewed. Evidence from clinical trials was categorized
as Class I (well-conducted randomized prospective trials),
Class II (well-designed comparative clinical studies), or Class
III (retrospective studies).

Conclusion: Although, there is a biological evidence
from experimental studies in animals that decompressive
surgery may improve neurological recovery after SCI, the
role of surgical decompression in patients with SCI is only
supported by Class III and limited Class II evidence. Accord-
ingly, decompressive surgery for thoracolumbar burst frac-
tures can only be considered a practice option.

GO038. Posterior Vertebral Column Resection: A Salvage for
Thoracolumbar Kyphosis after Failed Anterior Instrumented
Fusion
Fei Chen1, Zhehao Dai1
1Department of Spine Surgery, The Second Xiangya Hospital, Central
South University, Changsha, China

Introduction: Anterior thoracolumbar spine surgery is
typically indicated for restoration of structural stability and
/or decompression of neural element secondary to trauma,
tumor or infection. But postoperative complications especially
kyphosis poses distinct challenges to the spinal surgeon. The
aim of this study was to explore the effects of posterior
vertebral column resection of thoracolumbar kyphosis after
failed anterior instrumented fusion.

Material and Methods: A retrospective study was con-
ducted of 10 patients of kyphotic deformity with previous
failed anterior surgery in our department from October 2005
to December 2009. The indications for revision surgery in-
cluded pain refractory to conservative treatment, progressive
neurological deficit and kyphosis. Anterior removal of the
implant and posterior vertebral column resection (PVCR) was
performed. Mean operating time, average intraoperative
blood loss, kyphosis angle, the visual analog scale (VAS),
Oswestry disability index (ODI), bone fusion time and com-
plicationswere used for clinical assessment in aminimum 18-
month follow-up (18 – 60 months).
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Results: Themean agewas 38.7 years old (ranging from
24 to 56 years old) and the average kyphosis angle was 54.60
(ranging from 45 0 to 74 0). Mean operating time was 323.5
(range 245minute to 420minute)with average intraoperative
blood loss of 1189ml (range 850ml to 1550ml). After revision
surgery, Kyphosis angle was 4.800 (range3- 70) immediately
and 6.80 (range 5 to 90) at the 18 months follow-up and there
was good bony fusion in every case. The average time of bony
fusion was 6.8 months (range 5–9 months). All patients had
satisfied spinal sagittal and coronal balance at the last follow-
up. None of our patients experienced implant failure. The
average preoperative VAS was 6.2, falling to 2.6 at the 18
months follow-up with significant improvement. None of the
patients suffered any surgery-related neurological deteriora-
tion and one patient whose neurological status was Frankel
Grade C improved to Grade D. The ODI changed form a mean
value of 39.8 (rang 31–48) preoperatively to 24.5 (rang 15–29)
at the final follow-up. The difference was statistically signifi-
cant. Complications occurred in four patients (40%); these
included three with tearing of the lung and one with a
superficial wound infection.

Conclusion: Despite the technically demanding proce-
dure, anterior removal of the implant and posterior vertebral
column resection was a safe and effective revision surgery for
patients with prior anterior fusion with rigid post-surgical
deformities

GO039. The AOSpine Sacral Fracture Classification
Carlo Bellabarba1, Gregory D. Schroeder2, Christopher K.
Kepler2, Mark F. Kurd2, Conor Kleweno1, Reza Firoozabadi1, Jens
R. Chapman3, Frank Kandizoria4, Klause J. Schnake5, S.
Rajesekaran6, Jorg Holstein7, Henry Sagi8, Marcel F. Dvorak9,
Luiz R. Vialle10, F. C. Oner11, Alexander R. Vaccaro2, James C.
Krieg2
1Department of Orthopaedic Surgery, University of Washington,
Seattle, Washington, United States
2The Rothman Institute at Thomas Jefferson University, Philadelphia,
Pennyslvania, United States
3Department of Orthopedic Surgery at the Swedish Neuroscience
Institute, Seattle, Washington, United States
4Berufsgenossenschaftliche Unfallklinik Frankfurt, Center for Spinal
Surgery and Neurotraumatology, Frankfurt, Germany
5Schön Klinik Nürnberg Fürth, Center for Spinal Surgery, Fürth,
Germany
6Department of Orthopaedics, Ganga Hospital, Coimbatore,
Coimbatore, Tamil Nadu, India
7Department of Orthopaedic Sugrery University of Saarland,
Homburg, Germany
8Florida Orthopedic Institute, Tampa, Florida, United States
9Department of Orthopaedic Surgery, The University of British
Columbia, Vancouver, Canada
10Department of Orthopaedic Surgery, Catholic University, Curitiba,
Brazil
11Department of Orthopaedic Surgery University of Utrect, Utrect, The
Netherlands

Introduction: Sacral fractures are complex and hetero-
geneous injuries that often include involvement of the lumbar
spine and/or pelvis. Due to their complex nature, no compre-
hensive classification system has been accepted.

Material and Methods: The AOSpine Trauma Knowl-
edge Forumpartneredwith orthopaedic traumatologists from
AOTrauma to develop a straightforward, hierarchical classifi-
cation system for sacral fractures. The classification was
developed via a consensus process of clinical experts, and,
prior to finalizing the classification system, a survey was sent
to all members of AOSpine and AOTrauma asking for their
input on key parts of the classification.

Results: The new AOSpine Sacral Classification is a
hierarchical classification that follows the same structure as
the subaxial and thoracolumbar classifications. First injuries
are broadly divided into three types: Type A—Lower Sacro-
coccygeal Injuries; Type B—Posterior Pelvic Injuries and Type C
—Spino-Pelvic Injuries. Type A injuries have no impact on
posterior pelvic or spinopelvic instability, however higher
grade injuries may be associated with neurologic injuries.
Type A injuries are divided into three subtypes; A1—Coccygeal
or compression injuries as well as ligamentous avulsion
fractures; A2—Non-displaced transverse fractures below the
Sacroiliac (SI) joint, and A3—Displaced transverse fractures
below the SI joint. Type B injuries are unilateral longitudinal
sacral fractures inwhich the ipsilateral superior S1 facet is not
discontinuous with medial portion of the sacrum. These
injuries primarily impact posterior pelvic stability and have
minimal impact on spino-pelvic stability. Type B injuries are
divided into three subtypes based on the likelihood of neuro-
logic injury, andwhile this is similar to theDenis classification,
because B-type injuries exclude fractures with a transverse
component, there is little risk of a neurologic injury with an
injurymedial to the foramen. The three sub-types of B injuries
are: B1—Longitudinal fracture medial to the foramen; B2—
Longitudinal fracture lateral to the foramen and B3—Longitu-
dinal injury thought the foramen. Type C injuries are Injuries
that result in spino-pelvic instability. They are divided into
four subtypes: C0—Non displaced sacral U fracture (common-
ly seen in low energy insufficiency fractures); C1—Any unilat-
eral B-subtype where the ipsilateral superior S1 facet is
discontinuous with the medial portion of the sacrum; C2—
Bilateral complete B type fracture without a transverse com-
ponent, and C3—Displaced sacral U type fracture. In addition
to the fracture morphology, the new classification also for-
mally considers the neurologic status of the patient: Nx—The
patient cannot be examined; N0—No neurological deficits; N1
—Transient neurological injury; N2—Nerve root injury and N3
—Cauda Equina Syndrome. Lastly there are four patient spe-
cificmodifiers that may alter the treatment of these fractures:
M1—Significant soft tissue injury; M2—Metabolic bone dis-
ease; M3—High-energy injury that may be associated with an
anterior pelvic ring injury, acetabular fracture or vascular
injury, and M4—Altered anatomy of the lumbosacral junction
(may be due to a prior fusion or transitional anatomy).

Conclusion: The AOSpine sacral fracture classification
is the first comprehensive sacral classification to consider
posterior pelvic and spino-pelvic instability patterns, and
validation studies are ongoing.

Degenerative Lumbar 1

GO040. Prevalence and Clinical Relevance of Sacroiliac Joint
Pain Secondary to Lumbar Fusion Procedures
Ding Zhang1, Carla Reizinho1, Ana Luis1, Miguel Casimiro2, Jose
Cabral1
1Department of Neurosurgery, Egas Moniz Hospital, Lisbon, Portugal
2Department of Neurosurgery, Hospital da Luz, Lisbon, Portugal

Introduction: Lumbar fusion procedures for the treat-
ment of appropriately selected cases of degenerative lumbar
spine disease are rapidly increasing, with reported good
overall results. However, an estimated 5 to 30% of these
patients may suffer from significant persisting low back
pain, despite technically successful surgery. In this setting,
sacroiliac joint (SIJ) dysfunction has been postulated as possi-
ble underdiagnosed cause for these persisting symptoms. We
aimed to assess the prevalence, associated risk factors and
clinical impact of SIJ pain after lumbar fusion procedures.

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS56



Material and Methods: Retrospective observational
study of consecutive patients undergoing lumbar fusion at a
single center between September 2012 and January 2014. A
transversal evaluation through telephone interview was con-
ducted, investigating the presence and characteristics of
residual low back pain. Numeric pain rating scale (NPRS) for
low back pain and Oswestry Disability Index (ODI) were
collected for each patient. General demographic and surgery
related data, including gender, age, bodymass index, smoking
status, number of segments fused and levels of fusion (includ-
ing or not S1 level) was also noted. Selected patients with
residual pain suspected to be of SIJ origin underwent clinical
evaluation with a battery of 6 widely accepted SIJ provocative
tests (FABER, SIJ sulcus tenderness, Gaenslen’s test, Yeoman’s
test, compression test and sacral thrust). Thosewith 3 ormore
positive tests were considered to suffer from SIJ originated
pain (SIJ-pain group). Statistical analysis comparing this group
with the non-SIJ pain group (patients presenting with residual
pain without clinical evidence of SIJ origin) regarding the
collected variables was performed using SPSS 19 software.

Results: From a total of 89 patients that underwent
surgery in this period, 52 patientswere available for interview
(mean age 59 years, 36.5% male, 63.5% female). Eight patients
(15.4%) were completely asymptomatic, whereas 44 patients
(84.6%) reported some degree of residual pain (mean NPRS of
4.73, mean ODI of 29.81%), although most reported clinical
improvement and pain decrease with surgery. It was possible
to clinically evaluate afinal sample of 32 patientswith residual
pain (mean follow-up of 22.7 months). In 15 cases (46.9%)
there was evidence of SIJ originated pain, as indicated by
positiveness to 3 or more SIJ provocative tests. Presence of SIJ-
pain was significantly associated with higher ODI scores
(Mann-Whitney U 58.5, p ¼ 0.009), and also tended to asso-
ciate with higher NPRS scores (Mann-Whitney U 80,
p ¼ 0.071). Predictors for SIJ-pain development after surgery
were not found, as there were no associations between the
presence of SIJ-pain and the initially retrieved demographic
and surgery related data, such as age, gender, BMI, smoking
status, fusion to the sacrum and number of fused segments.

Conclusion: In the post-lumbar fusion patient popula-
tion that remains symptomatic after surgery, SIJ dysfunction
and pain may account for a large proportion of cases, as
illustrated by the impressively high rate of residual low back
pain compatible with SIJ-pain found in this study (46.9%).
Moreover, it may significantly affect functional outcome and
surgery success rates, as patients in the SIJ-pain group pre-
sented worse ODI e NPRS scores than those with non-SIJ
residual pain.

GO041. Patient-reported Outcomes Following Elective
Surgery for Lumbar Degenerative Disease: Effect of Peri-
operative Complications on Outcomes
Silky Chotai1, Scott Parker2, Ahilan Sivaganesan2, Matthew
McGirt3, Joseph Cheng2, Clinton Devin1
1Department of Orthopedics and Neurosurgery, Vanderbilt University,
Nashville, Tennessee, United States
2Department of Neurosurgery, Vanderbilt University, Nashville,
Tennessee, United States
3Department of Neurosurgery, University of North Carolina, Charlotte,
North Carolina, United States

Introduction: There is a paradigm shift toward reward-
ing providers for quality rather than volume. Complications
appear to occur at a fairly consistent frequency when looking
at large aggregate datasets. Understanding howcomplications
affect long-term patient reported outcomes (PROs), following
degenerative lumbar surgery, is vital. Our hypothesis was that
90-day complications would adversely affect long term PROs

compared with a cohort that did not experience a
complication.

Methods 906 consecutive patients undergoing elective
surgery for degenerative lumbar disease over a period of four-
years were enrolled into a prospective longitudinal registry.
PROs: ODI, NRS-Back and leg pain (BP, LP), Quality of life (EQ-
5D), and NASS satisfaction questionnaire were recorded at
baseline and 12-month follow-up. Complications were divid-
ed into major (surgical site infection, hardware failure, new
neurological deficit, pulmonaryembolism, hematoma andMI)
and minor (urinary tract infection, pneumonia and deep
venous thrombosis).

Results: Thirteen percent (118) of patients developed
complications: (major-12% (108) and 8% (68)-minor) within
90-days after surgery. The patients with complications had
significantly higher ODI scores at 12-months (29.43 � 17.7
versus 25.2� 18.33, p ¼ 0.02) after surgery. In amultivariable
linear regression analysis, after controlling for array of preop-
erative variables, the occurrence of a major complication was
not associated with worsening ODI scores 12-month after
surgery. There was no difference in the percent of patients
achieving minimal clinically important difference MCID for
disability (66% vs 64%), back (55% vs 56%) and leg pain (62% vs
59%), quality of life (19% vs14%) and patient satisfaction rates
(82% vs 80%) between those without and with major
complications.

Conclusion: The occurrence ofmajor complications did
not significantlyaffect the PROs 12-month after surgery. These
patients achieve clinically meaningful outcomes and patient
satisfaction, as much as those without complication. This
information allows a physician to council patients on the
fact that a complication creates frustration, cost, and inconve-
nience, however it does not appear to adversely affect clini-
cally meaningful long-term outcomes and satisfaction.

GO042. Low Back Pain- How Significant are the Spinopelvic
Parameters?
Sai Krishna M. L. V.1, Deep Sharma1, Jagdish Menon1, Deepak
Barathi2
1Department Of Orthopaedics, JIPMER, Pondicherry, India
2Department of Radiology, JIPMER, Pondicherry, India

Introduction: Since the discovery of pelvic incidenceby
Legaye et al. in 1998, many other sagittal spinopelvic radio-
graphic parameters have been described as determinants of
good sagittal balance. Alteration in these parameters has been
linked to various spinal ailments producing degeneration to
deformity. This have been proved by Roussouly et al. in his
landmark paper, which showed a positive correlation be-
tween PI and Low Back Pain (LBP). However in the subsequent
studies the same correlation could not be derived. Thus, we
aim to study the role of high PI as a causative variable for Low
back pain in our population.

Materials andMethods: The studywas approved byour
institute review board and the ethical committee. We includ-
ed all the patients visiting our OPDwith complaints of LBP for
more than three months and giving consent for the study. All
patients underwent a thorough clinical and radiological ex-
amination, to rule out any apparent cause of LBP.We excluded
patients with spinal deformity, fracture, infection, malignancy
and with a history of previous spine surgery. A total of 67
patients were thus included in the study. Another age and sex
matched group of asymptomatic volunteers (n ¼ 75) were
also recruited as a control group. All the patients and volun-
teers underwent a standardized lateral sagittal digital radio-
graph of thewhole spine including the base of the skull till the
proximal ⅓ thigh (subject naturally standing up, looking
horizontally, hands resting on a vertical support, upper limbs
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relaxed and elbows half bent). All the subjects were at a
specific distance from the radiographic source and a single
shot of x- rays have been used centering around D12.The
sagittal spinopelvic parameters were measured using the
Surgimap spine software version 2.1.2 by a single observer.
The parameters measured were pelvic incidence PI, pelvic tilt
PT, sacral slope SS, thoracic kyphosis TK, lumbar lordosis LL,
lordotic and kyphotic vertebra. The comparisons were drawn
between the patients and controls using appropriate statisti-
cal methods.

Results: Themeanvalues obtained in patientswith low
back pain were PI-48.04, PT-12.61, SS-35.5, LL-50.57 and TK-
26.79. Corresponding values in healthy volunteers were PI-
47.85, PT-13.03, SS-34.8, LL-54.68 and TK-24.03. We have
found no statistically significant difference in the values of
any sagittal spinopelvic parameters measured between the
two groups.

Conclusion: Based on the results derived from our
study we conclude that there is no statistically significant
correlation between any of the measured sagittal spinopelvic
radiographic parameters and the occurrence of LBP.

GO043. Transforaminal Lumber Interbody Fusion (TLIF)
Clinical and Radiological Outcome
Khaled Alassiri1
1Department of Orthopaedics, Alkhobar, Saudi Arabia

Objective: To evaluate the clinical and radiological
outcome of TLIF in the treatment of Spondylolisthesis, degen-
erative disc disease and recurrent herniation of lumber disc.

Methodology: A retrospective study, between Jan 2009
and December 2011.The patients with chronic back pain
(more than 6 months of disability and refractory to conserva-
tive management) with or without leg pain / neurological
deficit due to degenerative spondylolisthesis, degenerative
disc disease and recurrent lumber disc herniation treatedwith
Transforaminal Lumber Interbody Fusion (TLIF) were includ-
ed. It was a retrospective review of the patient files to assess
the pre and postoperative symptomatology, findings on clini-
cal examination, radiological characteristics. The same proce-
dure was performed in all cases by a single spine surgeon.The
clinical outcomewas assessed usingOswestry Disability Index
(ODI) scoring system. Bony fusion was assessed based on a
pre-set criteria on plain radiographs at 18 months
postoperatively.

Results: Of 25 there were 16 male (64%) and 9 female
(36%) patients with a mean age of 40 years (range: 20–60),
who underwent TLIF (Transforaminal Lumber Interbody Fu-
sion). 9 patients diagnosed as degenerative disc disease, 12
with spondylolisthesis and 4 having recurrent disc herniation.
Of the 25 patients who underwent TLIF, in 14 (56%) cases
fusion was performed at L5-S1, in 9 (36%) at segment L4-L5
and in 2 (8%) at L3-L4. We found subjective improvement in
symptoms of back pain in 19 (76.0%) of 25 patients, leg pain in
15 (83.3%) of 18, and 04 (66.67%) & 02(40.0%) improvement in
sensory and motor deficit respectively postoperatively. Based
on the Oswestry Disability Index (ODI) and Visual Analog Pain
Scale (VAS), showed significant improvement from preopera-
tive 7.1 & 42.3 to 2.5 & 17.5 ODI and VAS scores at 18 months
postoperatively respectively, with an overall improvement of
4.6 VAS and 24.8 ODI scores. A radiological fusion was
observed at 18 months postoperatively on anterio-posterior
(AP) and lateral X-rays following the pre set criteria in 23 of 25
patients (92.00%).

Conclusion: TLIF is a safe and effective method to treat
chronic low back pain in patients with spondylolisthesis,
degenerative disc disease and recurrent disc herniation. Our

results confirm that TLIF is an option that is associated with
good clinical and radiological outcome.

GO044. Psychological Distress can be Determined before
Lumbar Surgeries with a Clinically Applicable, Easy-to-use
Tool: the Short form of the DRAM
Aron Lazary1, Julia Sziat1, Zsolt Szoverfi1, Laszlo Kiss1, Peter Pal
Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: The Distress and Risk Assessment Meth-
od (DRAM) is a tool for measuring the psychological risk
factors in low back pain patients. In our previous study, the
DRAM scale, its categories as well as its components (Zung
Depression Scale (ZDS) and Modified Somatic Perception
Questionnaire (MSPQ)) proved to be significant predictors
for global treatment outcome in routine lumbar degenerative
surgeries. On the other hand, the original DRAM has to be
calculated from 45 items making that a long and clinically
impractical tool. The aim of the study was to develop and
validate a short form of the DRAM (sDRAM) and to determine
the prognostic power of the newversion in terms of the global
treatment outcome.

Material and Methods: Classic Test Theory were ap-
plied for item reduction after the exploratory factor analysis of
ZDS and MSPQ on the dataset of a large (N ¼ 1837) cohort of
surgically treated low back pain patients. Internal consistency
and the correlation of the shortened DRAM (sDRAM) with the
original scale were analyzed. After that, a two-step cluster
analysis of sDRAM was applied to determine the cut-off
scores. The prognostic value of the scale and its categories
was tested on a prospective cohort of routine lumbar degen-
erative surgeries (N ¼ 445) where global treatment outcome
was assessed two years after the surgery by a Likert scale.

Results: The sDRAM consisted of five ZDS items (1, 6, 7,
12, 18) and threeMSPQ items (3, 9, 11) preserving the original
item-distribution ratio. sDRAM scale (range: 0–24) was highly
correlatedwith theDRAMscale (range: 0–99) (r=0.88). Cluster
analysis of the patients showed a four-cluster structure in the
cohort similarly to the original questionnaire. Cut-off scores
(sZDS > 6, sMSPQ > 2) were used to formulate the sDRAM
categories (Normal, At risk, Distressed). The sDRAM scale
showed a significant association with the global treatment
outcome in a logistic regression model (p < 0.001, B=0.258,
OR=1.3) and in ROC analysis (AUC=0.744, p < 0.001) and it
was similar to the original DRAM (p < 0.001, B=0.066,
OR=1.07 as well as AUC=0.72, p < 0.001). Risk for poor
outcome was significantly associated with the suggested
categories of sDRAM (6%, 20%, 39% of poor outcome in
“Normal,” “At Risk” and “Distressed” subgroups, Chi-
square=38.9, df=2, p < 0.001).

Conclusion: A shorter, clinically applicable method for
the assessment of DRAM has been developed. The sDRAM
consists of 8 items and correlates with the original question-
naire. sDRAM and its categories proved to be significantly
associated with global treatment outcome. The tool can be
used for preoperative risk assessment and reduction strate-
gies, however, further validation is needed to show its utility
in different, wider patient-groups.
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GO045. Lumbar Total Disc Replacement: 9th after the
Operation, is it the Breakpoint for Clinical Deterioration and
Spontaneous Fusion?
Daniela Štastná1, Jirí Chrobok1, Roman Ku??era1, Ludek
Prokop1, Jan Klener1
1Department of Neurosurgery, Nemocnice Na Homolce, Prague,
Czech Republic

Introduction: Total disc replacement (TDR) is one of the
treatment options in the degenerative disc disease (DDD),
presuming to preserve segmental range of motion and pre-
vent development of ASD. There are many arguments arising
against TDR´s benefits, mostly in long-term period. We per-
formed a single-center retrospective clinical–radiological
study to evaluate the long-term results and safety of TDR
operation.

Materials and Methods: Our cohort included 222 pa-
tients treated for moderate or severe DDD by single or two-
level implantation of TDR between January 2002 and January
2011. An average follow-up was 8.2 � 3.1 years. Clinical
evaluation constisted of visual analog scale and postoperative
Odom´s outcome score.We analyzed the progress of radiolog-
ic adjacent segment degeneration (rASD) and heterotopic
ossifications (HO).

Results:Wefound thatOdom´s scores for lowback pain
and leg pain both decrease lineary in time, with with cut-off
and rapid deterioration of low back pain after the 9th year
from surgery(p=.00001).We assume that thismight be related
to natural progression of initial DDD or development of ASD
favored by HO and spontaneous fusion in TDR level. In
agreement with this assumption, we have found that hetero-
topic ossifications have a triphasic course of progression, with
plateau between 4th and 8th year after TDR(p ¼ 0.00001).
After the 9th year we observed an accelerated progression to
bridging HO, resulting in the loss of movement. We demon-
strated that our patients with fusion in TDR level had signifi-
cantly higher incidence of rASD and significantly worse
clinical outcome, for both low back pain and leg pain
(p ¼ 0.000324). Similarly to other authors we conclude that
dynamic TDR might prevent or delay rASD. We found inter-
esting that using two independent measurements, clinical
outcome and HO/range of movement, we determined the
same approximate cut-off deterioration by the 9th year after
the TDR operation. We didn´t find significant effect of HO on
clinical outcome. Implantation of TDR resulted in a 15.8.% of
spontaneous fusion in our series. We found quite important
rate of radiologic adjacent degeneration, 23.85%,still within
the range of literature. Incidence of delayed reoperations was
12.2%, mostly because of adjacent-segment disease, with the
mean time 4.1 years after TDR. These patients were signifi-
cantly less satisfied. According to risk factors, we found
previous discectomy is significantly related with higher inci-
dence of leg pain, whichmight be explained due to nerve root
traction within preexisting scar tissue. Patients with higher
initial BMI had significantly higher incidence of segmental
fusion. We found worse outcome for bisegmental and L5/S1
TDR, both nonsignificant. At last follow-up (5–14 years post-
surgery), excellent and good outcomeswere achieved in 66.9%
patients for low back pain, and 72.4% for leg pain.

Conclusions: According to our results, we estimate that
approximately after the 9th year after TDR, loss of segmental
movement due to bridging ossifications might accelerate
naturally occurring adjacent segment degeneration and leads
to worse clinical outcome, mostly low back pain. We are still
persuaded that despite technical difficulty, TDR has its place in
lumbar DDD surgery. Reasonable indication and optimal
placement of TDR are crucial. We need more prospective
studies of long-term to understand.

Diagnostics Clinical

GO046. Preoperative Norepinephrine Levels in
Cerebrospinal Fluid and Plasma of Pediatric Patients Predict
Postoperative Pain Intensity after Spinal Fusion Surgery
Ferland Catherine1, Alexandre Parent2, Neil Saran3, Pablo
Ingelmo4, Serge Marchand5, Philippe Sarret6, Jean Ouellet7
1Division of Orthopedics, Shriners Hospital for Children-Canada,
Montreal, Canada
2Département de Pharmacologie-Physiologie, Université de
Sherbrooke, Sherbrooke, Canada
3Montreal, Canada Q1Q1

Q1

4Department of Pediatric Anesthesia, McGill University Health Centre,
Montreal, Canada
5Department of Surgery, Université de Sherbrooke, Sherbrooke,
Canada
6Department of Pharmacology and Physiology, Université de
Sherbrooke, Sherbrooke, Canada
7Department of Orthopedics, Shriners Hospital for Children-Canada,
Montreal, Canada

Introduction: The purpose of the present study was to
investigate if preoperative concentrations of monoamine
neurotransmitters that are known to be involved in descend-
ing pain modulation are associated with perioperative pain
intensity in a pediatric cohort of patients with idiopathic
scoliosis scheduled for elective spinal fusion surgery.

Material and Methods: Patients scheduled to undergo
spinal surgery for Adolescent Idiopathic Scoliosis (AIS) be-
tween the ages of 12 and 18 years were recruited from the
outpatient clinic of the Shriners Hospital for Children
(n ¼ 50). Plasmatic and cerebrospinal fluid concentrations
of epinephrine (EPI), norepinephrine (NE), and their respec-
tive metabolite metanephrine (ME) and normetanephrine
(NME), were assessed. Five mL of blood were collected for
study analysis in an EDTA-coated collection tube after the
anesthesia induction. Prior to the intratechal epimorphine
injection, 2 mL of cerebrospinal fluid was collected in a low
binding protein tube. Monoamine neurotransmitters were
derivatized by reductive diethylation analyzed by liquid
chromatography coupled with tandem mass spectrometry
on TripleTOF 5600 mass spectrometer. At all time points
throughout the study (preoperative, first postoperative 24
hours ¼ postoperative day 1 (POD1), second 24 hours ¼ post-
operative day 2 (POD2) and postoperative 6 weeks follow-up
visit), pain intensity was rated with the use of the Faces Pain
Scale-Revised (FPS-R). Linear regressions were performed to
assess the predictive role of catecholamine levels for postop-
erative pain. The Mann-Whitney-U test was used to assess
differences in baseline characteristics between patients re-
porting presence of pain and pain-free patients as well as for
all other comparisons other than correlations.

Results: Our results demonstrate that patients report-
ing persistent postsurgical pain 6 weeks after surgery have
greater preoperative peripheral and/or central norepineph-
rine (NE) and normetanephrine levels when compared with
patients reporting no pain at follow-up. Likewise, in the acute
postoperative period, patients reporting moderate-to-severe
pain intensity had higher preoperative central NE levels.

Conclusion: These results support the evidence for a
potential role of catecholamine levels in predicting postoper-
ative pain intensity and sympathetically maintained pain,
which could place pediatric patients at risk for the develop-
ment of chronic postsurgical pain. Incidence and severity of
persistent postoperative pain may be reduced by specific NE
preoperative interventions.
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GO047. Comparative Study of Treatment of High Grade
Spondylolisthesis—Reduction Vs In-situ Fusion: Do we Need
to Rethink Assessment of Pelvic Parameters?
S. Rajasekaran1, Gurudip Das1, Arief Dian2, Ajoy Prasad Shetty1,
Rishi Kanna1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, Tamil
Nadu, India
2Medical Faculty, University of Airlangga, Surabaya, Indonesia

Introduction: Reduction of high grade spondylolisthei-
sis is considered to be the ideal treatment surgical treatment
strategy on the premise that it restores spine biomechanics
and altered sagittal balance. However it has been noted that
in-situ fusion strategy also provide satisfactory result for high
grade spondylolisthesis. In view of this observation we pro-
pose a hypothesis that following fusion L5 stands to be a part
of the pelvis and pelvic parameter assessment should be
considered with S1 pre-operatively and L5 post-operatively
as the base of the pelvis. We assessd the pelvic parameters in
this manner to guage the improvement in the pelvic param-
eters in both surgical groups (In –situ fusion Vs Reduction and
fusion).

Methodology: A retrospective review was conducted
on 26 cases of high grade spondylolisthesis (defined as
slippage > 50%) undergoing surgical treatment. Patients
were divided into two groups; group one had undergone
in-situ fusion and group two had undergone reduction with
fusion. Spinopelvic parameters assessed for each group in-
cluded; pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS),
lumbar lordosis (LL), lumbo-sacral kyphosis angle (LSK) and
sacral femoral distance (SFD). Pre-operative spinopelvic
parameters calculated with S1 were compared post-opera-
tively with L5 as base of pelvis. Post-operative clinical out-
comes were evaluated with Oswestry disability index (ODI
score), Short form 12(SF 12) and visual analogue score (VAS
score) for both groups.

Results: Mean age was 34.1 years and mean follow-up
was 24.5 months. Following surgery, VAS and ODI improved
from 7.7 to 1.8 and from 62.6 to 14.7% respectively with no
difference between two groups. One patient had transient L5
deficit in the reduction groupne procedure over the other. The
mean pelvic parameters preoperatively were PI - 68.5°, PT -
26.7°, SS - 41.7°, LL - 51.4°, SFD - 63.0 mm, shift of L1 plumb
line - 63.9 mm and LSK - 67°. With L5 as the new sacrum, in
reduction group, significant changeswere noted in PT (60.4%),
SFD (45.25%) and LSK (46.6%) (p < 0.05 for all). Similar
significant changes were noted in insitu fusion also in PT
(58.6%), SFD (41.2%) and LSK (68.6%) (p < 0.05 for all). In both
groups, the changes in PI, SS and lumbar lordosis were not
significantly changed. The above results show that insitu
fusion achieves the same changes in sagittal parameters
when L5 is considered as part of the new sacrum.

Conclusions: The spinopelvic parameters for in-situ
fusion and reduction with fusion groups, when utilizing the
superior endplate of L5 did not show significant change in PI,
SS and LL for both groups. Three parameters changed signifi-
cantly post-operatively in both procedures and showed com-
parable changes – PT, SFD and LSK. This may suggest that the
improved clinical outcomes for both treatment strategy may
co-relate to changes in PT, SFD and LSK. The findings call for
reevaluating the need for risky reduction procedures to
establish normal pelvic parameters.

GO048. What is More Effective Treatment Option for
Discogenic Low Back Pain -Thermocoagulation or
Nonoperative Treatment?: A Systematic Review and Meta-
analysis
Ji soo Jang1, Jung-Sik Bae2, Il-Tea Jang2, Sol Lee3, Ho Kim3, Yun-Su
Yang3, Jae-Eun Park3
1Department of Neurosurgery, Suwon Nanoori Hospital, Gyeonggi-do,
Republic of Korea
2Department of Neurosurgery, Nanoori Hospital, Seoul, Republic of
Korea
3Department of Research Institution of Medical Sciences of Korea
Healthcare Anchor and Navigator, Seoul, Republic of Korea

Study Design: Systematic review and meta-analysis of
randomized controlled trials, case control and cohort studies.

Introduction: To evaluate the current evidence com-
paring Thermo-coagulation intradiscal techniques to nonop-
erative treatment options for the treatment of chronic
Discogenic low back pain. Discogenic low back pain is a
common disabling condition and major health care concern.
However, it has been controversial in diagnosis and treatment.

Methods: We searched PubMed, EMBASE, Cochrane
Library, KoreaMed and Korean Medical database (KMbase) to
find out clinical studies for evaluating the effectiveness of
Radiofrequency and Intradiscal electrothermal therapy for the
treatment of Discogenic low back pain which were published
until June 2015. Randomized controlled trials, case control
and cohort studies comparing Thermo-coagulation intradiscal
techniques with nonoperative treatment options were select-
ed. Duplicate citations were removed and a total of 13,464
articles were acquired, from which 6 articles were identified
for meta-analysis.

Results: A total of 6 citations were found and screened
to determine if theywouldmeet our inclusion criteria. Finally,
4 randomized controlled trials and 1 case-control and 1 cohort
study comparing the effectiveness of thermo-coagulation and
nonoperative treatment options were selected for meta-anal-
ysis and risk of bias was evaluated as assessed in accordance to
guidelines following the Cochrane Collaboration’s tool for
assessing risk of bias in randomized trials and Newcastle-
Ottawa Scale (case control and cohort studies). In meta-
analysis, clinical outcomes such as Visual Analogue Scale,
Oswestry Disability Index and Short Form-36 (physical func-
tioning and bodily pain) values were evaluated and the forest
plot provided a visual representation of each study and all
studies combined with individual confidence intervals. Based
on meta-analysis, the pooled mean difference in Visual Ana-
logue Scale (pre – post outcomes) between the thermo-
coagulation and nonoperative treatment options in all 3
randomized controlled trials, 1 case control and 1 cohort
study was 2.44 points (95% confidence interval: 1.01, 3.88,
p ¼ 0.0009) in favor of thermo-coagulation procedureswithin
7.8 month mean follow-up periods. However, within 3
months after treatments, there was no statistically significant
difference in the two treatment options. In the outcomes of
meta-analysis after 3 months of treatment, thermo-coagula-
tion procedures showed to bemore favorablewithMD ¼ 2.88
points (95% confidence interval: 1.05, 4.71, p ¼ 0.002) In
Oswestry Disability Index, the pooled mean difference (pre
– post outcomes) was 2.86 points (95% confidence interval:
-2.40, 8.13) in favor of thermo-coagulation procedures which
was not statistically significant (p ¼ 0.29) with 4.7 month
mean follow-up periods. However, thermo-coagulation pro-
cedures were more favorable with MD ¼ 5.10 points (95%
confidence interval: 0.44, 9.76, p ¼ 0.03) only in the outcomes
of meta-analysis after 6 months of treatment. The pooled
mean difference (post – pre outcomes) in Short Form-36
including physical functioning and bodily painwas 7.55 points
(95% confidence interval: -0.69, 15.80) and 6.47 points (95%
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confidence interval: -1.09, 14.04) in favor of thermo-coagula-
tion procedures, however, they were not statistically signifi-
cant (p ¼ 0.07 and p ¼ 0.09) with 5.3 month mean follow-up
periods, respectively.

Conclusion: It was demonstrated from this systematic
review and meta-analysis that the two treatment options had
no statistically significant difference in Visual Analogue Scale
scores within 3 months after treatments for the patients with
discogenic low back pain, however, thermo-coagulation ther-
apies showed a statistically significant favorable effect after
3months. In Oswestry Disability Index, there was a statisti-
cally significant favorable outcome only after 6 months of
treatment. Short Form-36 (physical functioning and bodily
pain), it failed to find significant differences between the two
treatment options despite more favorable outcomes in
thermo-coagulation therapies.

GO049. Are Tarlov Cysts Being Identified and Reported on
Lumbar Spine MRI Scan in Patients with Sciatica
Gareth Clarke1, Vikas Kapoor2, Jon Baxter2
1School of Medicine, The University of Manchester, Manchester, United
Kingdom
2Deparment of Trauma and Orthopaedics, Stepping Hill Hospital,
Stockport, United Kingdom

Introduction: Following advances in surgical technique
sacral Tarlov Cysts (TCs) are nowa treatable cause of back pain
and sciatica.1,2 However many surgeons and radiologists still
view them as an incidental finding. This audit was performed
to raise awareness of TCs within the hospital and further
afield, assess the extent to which TCs are present in patients
with sciatica and assess if they are being identified and
reported by the radiologist and surgeon in every case.

Material and Methods: Following a literature review a
list of all spinal MRI scans requested by the three consultant
spinal surgeons working at the hospital between 1/1/2013 –
31/12/2014 was compiled by the radiology department. All
patientswith complaints of radicular pain or altered sensation
in one or both lower limbs in their initial clinic letter then had
their MRI scan reviewed using the hospital PACS system for
the presence of TCs. The radiologist’s report and follow-up
clinic letter were then reviewed in patients with a TC present
on their scan to see if it was reported by the radiologist and
surgeon. Any patient who’s scan or clinic letterswere notwere
removed from the audit.

Results: In total 1499 patients underwent lumbar-
sacral MRI scan under the care of the spinal surgeons. Of
these, 1070 fitted the inclusion criteria. 6 MRI scans were not
accessible, in total 1064 MRI scans were reviewed for the
presence of TCs. 158 scans showed sacral TCs present, an
incidence of 14.85%. Of the 158 only 33 (21%) had TCs in the
radiologists’ report. 4 were reported as possibly symptomatic
and the rest as an incidental finding. Only the 4 potentially
symptomatic TC patients were notified of the presence of the
cysts during their clinic appointment following the MRI scan.
No other patients notified of the presence of TCs on their MRI.
Therefore of the 158 patients with sacral TCs present only 4
(2.5%) were made aware of the lesion. Only one case of
symptomatic cyst was identified as the patient’s symptoms
decreased following excision of the cyst.

Conclusion: Several things were apparent from the
literature review; the exact anatomical area supplied by
each of the lumbar-sacral dermatomes is not known and as
such pathology compressing the S2 nerve root can cause
symptoms suggestive of an S! or even L5 radiculopathy,3

TCs can be progressive in nature,4 microsurgical treatment
gives the best relief of symptoms and can give complete relief
of symptoms,5,6 early intervention gives the best prognosis.1

From the audit it was apparent that in almost 80% of
cases TCs were not being reported, this could potentially lead
to patients continuing with symptoms, or developing them as
the cyst progresses. A delay in diagnosis and therefore treat-
ment of a symptomatic TC could lead to a poorer prognosis. It
seems that for many Tarlov Cysts are still viewed as an
asymptomatic incidental finding, until this opinion is changed
it will continue to be under reported and patients will
continue to suffer a potentially treatable spinal pathology.
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Objective: The sacroiliac joint dysfunction is a known
cause of low back pain. We think that a test score (SI5) may be
performed to assess diagnostic utility of clinical signs of
sacroiliac joint dysfunction. The primary aim of the present
study was to conduct conducting the pilot study of our new
test score SI5.

Methods: After reviewing the literature about of clini-
cal characteristic, diagnostic test and imaging of the sacroiliac
joint; we evaluated diagnostic utility of these aspects and
developed the SI5 test score. The SI5 test score was performed
in 22 patients with low back pain including completion of a
standard questionnaire, history, physical examination per-
formed by a physician, and evaluation of the results.

Results: Themost sensitive clinical tests for diagnosing
of sacroiliac joint dysfunction were Laguerre Test, sacroiliac
rocking test and Yeomans test (Greater than 80% sensitivity).
The tests with greater specificity ( > 80%) were Lewitt test,
Piedallu test and Gillet test. The test score SI5 showed sensi-
tivity of 73% and specificity of 71%.

Conclusions: Sacroiliac joints have been shown to be
capable of producing pain in the low back; however, the
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diagnostic value of examination tests for sacroiliac joint pain
has been questioned previously by other authors. The pilot
study of SI5 test score showed good sensitivity and specificity.
This study required statistical procedures that yield appropri-
ate results.

Keywords: sacroiliac joint, sacroiliac joint dysfunction,
lowpain back, diagnostic test, sacroiliac joint block, diagnostic
gold standard

GO051. Predictive Factors for the Outcome of Surgical
Treatment of Lumbar Spondylolysis in Young Sporting
Individuals
Ujjwal K. Debnath1, Vivek Goel2
1Deparment of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain
2Deparment of Trauma and Orthopaedics, Kingsmill Hospital,
Mansfield, United Kingdom

Introduction: Only few sporting individuals with
symptomatic lumbar pars injuries require surgical repair
and it is often difficult to predict the outcome following
surgery. The results on predictive factors of outcome after
direct repair of pars defect have not been studied.

Material and Methods: 52 consecutive young sporting
individuals with a mean age of 19 years (range 8–35years)
were treated surgically for lumbar pars defect confirmed on
imaging studies (i.e., SPECT, CT and MRIscans). 50 patients
completed the VAS (visual analogue scores), ODI (Oswestry
Disability Index) and SF-36 (Short Form) questionnaires as a
part of their assessment. Preoperative background variables
were used in amultiple regressionmodel to find the strongest
predictor of post-operative outcome as measured by ODI.

Results: Buck’s screw repair of the pars defect was
performed in 44 patients (33M: 11 F). Unilateral in 8 patients
(7M: 1F) and bilateral in 36 patients (26M: 10F). Although age
at surgery showed linear co-linearity (ρ=0.32, p < 0.05), it was
not significant in the model. The most consistent association
with the preoperative VAS score were the pre and post
operative ODI scores i.e., ρ =0.51 (p < 0.01) and ρ =0.33
(p < 0.05) respectively. In the bilateral group, with Buck’s
repair at a single level i.e., 33/36 (93%) patients had returned
to sports at a mean time of 7.5 months (range 6–12months).
Overall, 44/52 (84%) individuals had returned to their sports
with post-treatment ODI score of < 10. The stepwise regres-
sion modeling suggested six independent factors (pre-opera-
tive ODI, pre-operative SF36pcs, Buck’s repair, multiple
operations, professionalism and pars defect at L3), as the
determinants of the outcome (i.e., post-operative ODI.) in
80.9% patients (R2=0.809).

Conclusion: The outcome after direct repair of pars
defect below 25 years of age runs a predictable course.
Professionalism in sports has a high impact on the outcome.
Preoperative ODI and SF-36 pcs scores are significant predic-
tors of good functional outcome. The regression equation can
predict the outcome in 80.9% sporting individuals undergoing
Buck’s repair.

Trauma Cervical 1

GO052. Transpedicular Screw Placement for Subaxial
Cervical Trauma with Neuronavigation. Experience in a
Third World Country. Hospital Santo Tomas. Panama
Alvino De Leon1, Orlando Villarreal1, Jose Hermida1, Juan
Altafulla1
1Deparment of Neurosurgery, Hospital Santo Tomas, Panama,
Panama

Introduction: Hospital SantoTomas is a tretary trauma
center in Panama. Subaxial cervical trauma represents amajor
issue in the care of patients admitted to the neurosurgery
department. Lateral mass screw placement is commonly used
for posterior fixation. The aim of this abstract is to present our
experience not onlywith transpedicular screws but also doing
this with a neuronavigation system and to evaluate the
associated risks.

Materials andMethods: 19 patients in needof posterior
fixation with subaxial cervical trauma were stabilized by
transpedicular screws from 2010 to 2012 were included. The
patients were all male between 20 and 34 years of age. After
hemodynamics parameter were assessed and other major
trauma was ruled out the neurologic assessment was made.
Weused the Frankel grading scale and 10 patientswere graded
A, 4 graded C, 3 graded D an 2 graded E. By this moment a
whole body CT was already done. 12 patients have C4-C5
subluxation and the remain had subluxation elsewhere in the
subaxial cervical spine. 13 patients needed closed reduction
which was assessed by plain films. All patiens had thin cut CT
and navigation was planned. All patients were induced by a
nueroanesthesiolgy. A three pin head holder was applied and
the patients were put in a down face position. Calibration of
the navigation systemwas performed and a standard posterior
cervical spine with laminectomy was done. Our hospital does
not count until that moment with the aid of intraoperative
neurophysiological monitoring. The average surgical time was
3 hours and the blood loss was 750 cc in average. In total 52
screws were placed. All the patients went to a immediately
postoperative CT scan. And the screws placement was as-
sessed. No screw mal placement was and no complications
during the placement were recorded . The patients were
managed in the neurosurgical ward and were discharge 48
hours after the operation with a cervical collar . They were
assessed oneweek after the intervention to review the surgical
wound and to preformed a neurological exam. All patients
were follow in the outpatient clinic and all were given physical
therapy that initiated in the immediately postoperative period.

Results:Of the Frankel a group three of went on to have
grade C, two were graded B and the remain did not improve.
One patient in the Frankel C and one in the Frankel D group did
better during follow up. No surgical wound infections were
recorded. Only one of the patients died from and unrelated
cause of pneumonia. All patients were assessed with dynamic
films and show no movement. The follow upwas up to a year.
No patients were lost during that time in the follow up.

Conclusion: Tanspedicular screw placement is a safe
option for posterior fixation. Neuronavigation is and excellent
tool for avoiding complications.

GO053. Dorsal Fusion as Correction of Craniocervical and
Atlantoaxial Instability in Patients with Benign and
Malignant Lesions using O-Arm System
Nikolay Mirchev1, Robert Behr1
1Department of Neurosurgery, Klinikum Fulda gAG, Fulda, Germany

Introduction: A retrospective and prospective analysis
of the surgical treatment and results of 99 patients with
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benign and malignant craniocervical, atlantoaxial and high
cervical lesions operated during 36 – month period (2011–
2014) at the Department of Neurosurgery, Klinikum Fulda
gAG, Germany was performed. The aim of the analysis was to
assess the factors affecting dorsal fusion as correction of
craniocervical and high cervical instability.

Material and Methods: The mean age of the patients
was 57 years. The female to male ratio was 1:1,3. The most
frequent neurological symptoms were quadriparesis, discoor-
dination, cranial and spinal nerves palsy and local pain. We
analyzed 67 patients with traumatic lesions, 10 patients with
inflammatory lesions, 8 patientswith degenerative instability,
and 14 patients with high cervical tumors. In the subgroup of
patientswith traumatic lesionswe found 39 odontoid fracture
II Type, 11 Hangemann fracture and 17 combined cervical
fracture; in the subgroup of patientswith tumorswe observed
3 caseswith plasmocytoma, 3 casewith chordoma, 1 casewith
C2–3 schwanoma, and 7 cases with metastatic lesions; in the
inflammatory subgroup we analyzed 6 cases with RA and 4
cases ankylose spondylitis.

Results: In 99 patients we performed 129 operations.
We used posterior cervical, and craniocervical median ap-
proach. Because of craniocervical/cervical instability wemade
posterior screw fixation in all of 99 patients. In 47 patients we
performed additionally decompressive laminectomy. To im-
prove screwplacement accuracywe performed intraoperative
O-Arm in 82 cases. The operative durationwas 2.25 hour. in O-
Arm operations and 4.35 hour in C-arm operation. The most
common operative complications were: CSF leak – in 2 cases,
postoperative infection – in 4 cases, and without early opera-
tivemortality. The 12-monts follow-up showedgood recovery
in 65 patients, moderate disabling – 25 patients, severe
disabling – 5 patients, vegetative state – 4 patients, death 3
patients with malignant lesions.

Conclusion: Early correction of craniocervical and high
cervical instability facilitated neurological recovery by pre-
serving the existent neurological function. Using of O-Arm
increase operative screw placement accuracy, and preserve
intraoperative nerve and vertebral artery injury. Recently
because of the improvement of neuroimaging techniques,
operative approaches, surgical techniques and neurointensive
care the results of treatment of these lesions are optimal.

GO054. Safety and Efficacy of Harms’ Technique in the
Management of Atlantoaxial Instability. A Single Institution
Experience and Review of the Literatures
Ali Abou-Madawi1,2
1Department of Spine Surgery, Helios Hospitals Erfurt, Erfurt,
Germany
2Assiut University Hospitals, Assiut, Egypt

Introduction: various procedures for the management
of atlantoxial instability have reviewed in the literatures.
Advantages and disadvantages of these procedures have
been stressed. Harms’ procedure is one of the recently intro-
duced techniques. This is a retrospective descriptive clinical
case study to evaluate the safety and efficacy of Harms’
technique.

Patients andMethods:we reviewed our hospital medi-
cal records between 2009 and 2014. We were able to track 19
patients treated for atlantoaxial instability using Harms’ tech-
nique with complete records. Patients’ mean age was 19.6
years. Twelve were males and 7 were females. Surgical in-
dications included: atlantoaxial ligamentous instability in 2,
Os Odentadium in 2, Downs’ syndrome in 3, type-II dens
fracture in 5, atlantoaxia rotatoryfixation in 7. All patients had
plain radiography, CT scan, and MRI. According to the JOA-
score 15 were normal, 3 were grade-1 and one was grade-2.

All patients were operated with Hams’ technique with iliac
Bone graft. The following factors were evaluated; age, sex,
pathology, neurological status, operative time, blood loss,
hospital stay, morbidity, screw purchases, stability, fusion,
and clinical outcome.

Results: mean operative time was 125 minute. Mean
blood loss was 350 ml. Hospital stay was 4 days. Screw
purchase was adequate in all cases but one. Stability was
adequate in all. Fusion was sound in all but two. All intact
patients remained intact. Other patients improved at least one
grade on JOA-Score. One patient had vertebral artery perfora-
tion by a low seated screw. There were no added neurological
deficits in any of our patients.

Conclusion: our experience demonstrates the safety
and efficacy of the Harms’ technique in the management of
atlantoaxial instability. Meticulous technique and anatomical
knowledge are mandatory for optimizing outcome.

GO055. Treatment Options for Odontoid Fractures. A
Comparasion between Anterior and Posterior Approaches
Jamil Farhat Neto1, Jose Carlos Esteves Veiga1, Jefferson Walter
Daniel1
1Division of Neurosurgery, Faculty of Medical Sciences, Santa Casa Sao
Paulo, Sao Paulo, Brazil

Introduction:Odontoid fractures account for 9% to 15%
of adult, cervical spine fractures, and are the most common
fractures in the geriatric cervical spine. The mechanism of
injury generally results from hyperflexion or hyperextension
of the cervical spine during low-energy impacts in the elderly
or high-energy impacts in the young and middle aged. No
consensus exists on the optimal treatment (surgical or con-
servative) and themost relevant outcome parameter (osseous
union, fracture stability or clinical outcome). Neurologic inju-
ries associated with these fractures are rare.

Material and Methods This study was a retrospective
chart review of 13 patients who were treated for odontoid
process fractures between November 2010 and May 2015.
Inclusion criteria: Patients with odontoid fractures submitted
to surgical treatment. Datawere obtained frommedical charts
and spinal column imaging reports. Medical charts, imaging
studies and the patient’s outcomes were submitted to de-
scriptive analysis in the pre-operative and post-operative
period. The data submitted to descriptive analysis were:
Fracture gaps; the direction and degree of odontoid process
displacement; the odontoid fracture line anatomy; the de-
grees of the atlantoaxial instability; and the contact between
the fractured odontoid and the axis vertebrae. We used
conventional radiographs, three-dimensional computed to-
mographic (3D-CT) scans, and magnetic resonance images.
We used the Grauer Algorithm for defining the surgical
treatment modality. We identified the solid bone union
through the presence of bony bridges and the definite conti-
nuity of cortical bone.

Results: A total of 13 patients who underwent surgical
treatment for odontoid fracture were identified. The patients
were 76.9% men, the mean age ¼ 32.92 years. Traffic acci-
dents (69,2%) were the most common cause of trauma. The
main symptom was pain (84.6%) in the posterior cervical
region. The elapsed median time from accident to surgery
was 30 days. Mean follow-upwas 20 months. Odontoid screw
technics (38,4%) andHarms posterior technic (38,4%)were the
most common surgical treatment adopted as primary surgical
treatment. The most common Grauer’s line fracture type was
type B on 8 cases. 2 patients referred chronic cervical pain
after surgery, 1(20%) were submitted to anterior technic and 1
(12,5%) posterior technic. We had 2 cases with complications,
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all submitted to posterior technic, 1 with CSF leak and 1 with
vertebral artery lesion. No mortality was observed.

Conclusion: There was no difference between anterior
or posterior approach when analyzing the cervical chronic
pain and mortality. However, there were more complications
in cases covered by the posterior approach. A well-designed
prospective study with a larger number of cases is needed to
better elucidate optimal treatment algorithms from both an
outcomes and cost-effectiveness perspective.

GO056. Teriparatide (rhPTH1-34) Anabolic Therapy for
Treatment of Type II Dens Fracture Non-union in Elderly
Patients: Report of 5 Cases
luigi aurelio Nasto1, Francesco Ciro Tamburrelli2, Virginia
Pambianco2, Giovanni Autore2, Virginia Maria Formica2, Debora
Colangelo2, Enrico Pola2
1Centre for Spine Studies and Surgery, Queen's Medical Center,
Nottingham, United Kingdom
2Division of Spine Surgery, Catholic University of Rome, Rome, Italy

Introduction: Type II dens fracture is themost common
cervical spine fracture type in elderly patients. Treatment
options for this common injury include conservative manage-
ment (i.e., hard collar or Halo Vest immobilization) or surgery.
Delayed union or non-union is a frequent complication in
elderly patients and is associated with an increased morbidity
andmortality due to prolonged immobilization and hospitali-
zation. The rhPTH1–34 (Teriparatide) is the recombinant form
of thebiologically active component of thehumanparathyroid
hormone, currently approved for treatment of severe post-
menopausal osteoporosis. Howevermany invitro studies have
also demonstrated the efficacy of rhPTH1–34 in stimulating
osteogenesis and bone healing and a few case reports have
been published on its use in humans for treatment of fracture
non-unions. The aim of this study is to report our successful
experience with the use of rhPTH1–34 in the treatment of 5
cases of dens fracture non-union in elderly patients.

Material and Methods: Five patients (age > 70, all
females) diagnosed with type II C2 dens fracture non-union
(no neurological compromise) were enrolled in this study.
Fracture non-union was defined as non- healing at 9 months
after injury and radiographic evidence of failed healing pro-
gression over the last 3 months. All patients had been treated
conservatively with a hard collar. Patients were started on
anabolic drug therapy with daily subcutaneous injection of
rhPTH1–34 (Teriparatide, 20 ng/die) for 3 months. Regular
clinical assessments and monitoring of serum levels of calci-
um, phosphorus, vitamin D, and alkaline phosphatase were
undertaken throughout the treatment period.Wedescribe the
evolution of our cases over timewith serial CTscan imaging as
well as HRQoL questionnaires (VAS, SF-12, and Eq. 5D).

Results: Successful complete fracture healing was
achieved in all patients at 74.5 � 4.4 weeks after the injury
and at 10.2� 3.8 weeks after the start of the anabolic therapy.
Mean VAS score at the end of the treatment was 2.4 � 1.3
(from a baseline value of 6.8 � 2, p < 0.02) in all patients,
while the average SF-12 score was 42 � 3.7 (PCS) and 61.5 �
2.11 (MCS) (from a baseline value of 25.1 � 2.12 and 43.2 �
1.49, p < 0.04) and Eq. 5D was 0.798 � 0.044 (from a baseline
value of 0.396 � 0.198, p < 0.03). Patients had normal serum
calcium level (9.1 � 0.9 mg/dl). No side effects related to the
use of the anabolic therapy were noted in our patients.

Conclusion: Our case series shows that rhPTH1–34 has
induced successful bone healing in all our cases of type II dens
fracture non-union. Bone healing has been demonstrated
through CT imaging and also confirmed by clinical improve-
ment of HRQoLmeasures. This is a potentially groundbreaking

finding inmanagement of elderly patients with upper cervical
injuries and will deserve further study in future.

GO057. Outcome of Patientswith Occipitocervical Fusion for
Acute Craniocervical Instability
Martin F. Hoffmann1, Kai Freund1, Thomas A. Schildhauer1
1Department of Surgery, Bochum, Germany

Introduction: Occipitocervical fusion (OCF) is a safe
and reliable method for stabilization of craniocervical insta-
bilities caused by different mechanisms. Especially patients
with acute instabilities and unaffected previous range of
motion of the cervical spine, may be affected by the fusion
procedure. The purpose of this study was to evaluate retro-
spectively surgical outcome and patient disability after OCF
procedure for acute instabilities.

Methods: Over a 5-year period, 2009–2014, 33 conse-
cutive patients from one academic trauma center were retro-
spectively identified as having been treated with OCF. Of
these, 29 patients were diagnosed with traumatic or patho-
logic fractures or nonunion after previously failed surgical
intervention. Average follow up was 25 months (range 4–55
months). Demographics were assessed. Fixation constructs
were delineated. Nonunion, infection, implant failure, neuro-
logic disabilities, and deaths were used as complication
variables. Patient disability was addressed by the Neck Dis-
ability Index (NDI) and persistent pain (VAS).

Results: Traumatic and pathologic fractures were the
main reason (90%) for an OCF procedure in our study popula-
tion. Three patients (10%) suffered from a persistent instabili-
ty after previously failed surgical stabilization. Fracture
location was the odontoid process of C2 in 69% of the patients
and 31% had a combined injury to C1 and C2. Fusion was
performed between the occiput and C4 in 55%, C5 in 28%, and
C3 in 17%. Fusion was enhanced by autologous bone in 14
patients (48%). 3 patients (10%) underwent a surgical revision
due to screwmisplacement (1) and infection (2). Related to the
advanced patient age, 15 patients died before the evaluation.
One patient died during hospital stay related to his preopera-
tively existing comorbidities. Fourteen patients were evaluat-
ed. Average agewas 74.2 years (range 18–95 years). Regarding
the clinical outcome, pain averaged 2.5 on the VAS (median 2).
64% of the patients reported no or minimal pain (VAS 0–2),
23% complained ofmild pain (VAS 2–4). The NDI averaged 42%
(range 16 – 80%).

Conclusion:OCF is a reliable and safe procedure for the
treatment of craniocervical instabilities caused by different
injuries and diseases. Overall, pain reduction was effective.
Patients reported no or onlymild pain (VAS 0–4) in 86% during
our evaluation. Functional disability averaged 42% utilizing
the NDI, which is rated as “medium disability.” The rate of 52%
deceased patients reflects the fact thatOCF is performed in our
institution especially in elderly and patients with increased
rates of comorbidities.

Degenerative Lumbar 2

GO058. Predictors of Discharge Destination after Lumbar
Spine Fusion Surgery
Sultan Aldebeyan1, Ahmed Aoude1, Maryse Fortin1, Anas
Nooh1, Peter Jarzem1, Jean Ouellet1, Michael Weber1
1Department of Orthopaedics, McGill University, Montreal, Canada

Introduction: Lumbar spine fusion surgery is a common
surgical procedure used to treat a variety of lumbar spine
conditions. A great number of patients fail to go home after
surgery and require transfer to a rehabilitation center. Many
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Patients requiring transfer to rehabilitation centers oftenhave an
extended hospital length of stay due to lack of beds at rehabili-
tation centers. Each extra day spent at the hospital costs the
health system approximately $1000 USD. The aim of this study
was to identify predictive factors for discharging patients to an
inpatient rehabilitation center after undergoing lumbar spine
fusion surgery.

Methods: We retrospectively identified a total of 15,092
patients undergoing lumbar spine fusion from 2011 to 2013
using the ACS-NSQIP database. Patients were dichotomized
based on discharge destination to patientswhowere discharged
home (N ¼ 12,339) and others who were discharged to a
rehabilitation center (N ¼ 2753). Outcomes included patient
demographics, comorbidities, and clinical characteristics. A
multivariate logistic regression was used to identify whether
outcomes studied were predictive factors for discharging pa-
tients to a rehabilitation center after lumbar fusion surgery.

Results: Majority of patients were discharged home
after lumbar fusion surgery (81.76%) with only some dis-
charged to a rehabilitation center (18.24%). Multivariate anal-
ysis identified age �40, female gender, comorbidities
(diabetes, COPD, CHF, and obesity), minor and major compli-
cations, hospital length of stay (LOS), operative time � 259
minutes, multilevel surgery, and return to the operation room
as significant predictive factors of discharging patients to a
rehabilitation center after lumbar fusion surgery.

Conclusion: The identifiedpredictive factors canhelp the
health system indeveloping an algorithm for early recognitionof
patients requiring postoperative admission to a rehabilitation
center and possibly decreasing their hospital LOS. This can
significantly decrease the hospital costs for such patients.

GO059. Prediction of Treatment Outcomes for Patients with
Chronic Low Back Pain: the Development of a Clinical
Decision Guideline for Spine Surgeons
Miranda Van Hooff1, Hanneke Van Dongen2, Maarten Spruit3,
Raymond Ostelo2, Marinus De Kleuver4
1Department of Research, Sint Maartenskliniek, Nijmegen, The
Netherlands
2Department of Health Sciences, EMGO Institute for Healthcare
Research, VU University, Amsterdam, The Netherlands
3Department of Orthopedics, Sint Maartenskliniek, Nijmegen, The
Netherlands
4Department of Orthopedics, Sint Maartenskliniek and VU University
Medical Center, Nijmegen, The Netherlands

Introduction: Lowbackpain (LBP) is responsible for the
greatest burden of all diseases.1 Chronic Low Back Pain (CLBP)
is among themost common reasons why patients visit a spine
surgeon. As the CLBP population is heterogeneous, it remains
a challenge to address etiology and to suggest treatment
options. Evidence2–4 recommends developing a decision
tool to triage toward either surgical or nonsurgical interven-
tions. The Nijmegen decision tool, consisting of a web-based
questionnaire, a systematic follow up of outcomes built in the
patient-based system of the SweSpine Registry,5 is developed
to support patient-triage and is based on evidence and
professional (Delphi) consensus. Since April2012 all new
patients complete the questionnaire, consisting of 47 indica-
tors potentially predicting successful treatment outcome or
persistence of pain complaints, and are systematically fol-
lowed over time.5 In this study pre-intervention patient
profiles have been determined and a decision algorithm has
been developed, based on indicators predicting successful
one-year follow-up outcome of spine surgery and of a non-
surgical, multidisciplinary Combined Physical and Psycholog-
ical (CPP) program.

Material andMethods: A consecutive cohort studywas
performed. Diagnostics and decision-making were performed
‘as usual’. Data of patients were included who completed the
one-year follow-up assessment: 219 had surgery and 171
followed a multidisciplinary CPP-program. The outcome was
functional status (Oswestry Disability Index v2.1a [ODI]) and
being successful was defined as one-year improvement to an
absolute (‘normal’/healthy) ODI-threshold (value�22). The 47
potential predictive indicators included indicators in the
sociodemographic, pain-related, somatic, psychological, func-
tional and quality of life domains.5 After data-cleaning and
having fulfilled all assumptions for analyses, for each cohort a
separate multiple logistic regression analysis was performed.

Results: Probability of successful surgical outcome: the
prediction model (R2=31%) included pre-treatment previous
surgery(OR 0.390 [95%CI 0.201–0.757]), expectations of re-
covery (OR 2.830 [95%CI 1.391–5.756]), expectation of work
return (OR 0.824 [95%CI 0.706–0.960]), pre-treatment func-
tioning (OR 0.961 [95%CI 0.939–0.984]), and ‘red flag’ for age
(pain started age < 20 or > 50 years; OR 2.321 [95%CI 1.214–
4.435]). Probability of successful CPP-program outcome: the
prediction model (R2=26%) included pre-treatment function-
ing (OR 0.963 [95%CI 0.937–0.990]), catastrophizing (OR 0.199
[95%CI 0.065–0.610]), and depressed mood (OR 0.205 [95%CI
0.063–0.665]). Interpretation Odds Ratio (OR): OR > 1=in-
creased probability to success; OR < 1=reduced probability
to success)

Conclusion: This is the first clinical decision tool avail-
able, created with a rigorous scientific basis that is designed
for patient-triage. Different patient profiles predicting either a
successful outcome for spine surgery or for CPP program are
determined. The presented profiles arebased onfirst analyses,
after final analyses the two prediction models will be con-
verted to probability formulae and built in the online tool. For
every new patient the probabilities for treatment success will
be available in the electronic patient file. The next step is to
validate the tool in different hospitals. We expect that this
relatively simple tool, based on validated questionnaires and
current evidence, will considerably help in daily spine practice
to guide the right patients to the right practitioners and to
enhance personalized care. We will present the final predic-
tion models at the Global Spine Congress.
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GO060. Pelvic Incidence as a Prognostic Variable to Assess
the Outcome of Conservative Treatment in the Patientswith
Spondylolisthesis
Sai Krishna M. L. V.1, Deep Sharma1, Jagdish Menon1, Deepak
Barathi2
1Department of Orthopaedics, JIPMER, Pondicherry, India
2Department of Radiology, JIPMER, Pondicherry, India

Introduction: Spondylolisthesis is defined as slippage
of one vertebra over the below one. Ever since the discovery of
pelvic incidence by legaye et al. in 1998 and as well as
documentation of the other parameters for spinopelvic bal-
ance, the slippage in listhesis has been attributed to these
parameters. Many studies were done in the Caucasian popu-
lation, which implicates high pelvic incidence as a causative
factor for the listhesis. But to our knowledge, no study has
described the implication of these parameters in the progres-
sion of listhesis. The main aim of our present study was to
know the importance of the spinopelvic parameters in the
causation and progression of the listhesis and also to know the
response to conservative treatment.

Materials andMethods: The studywas approved byour
institute review board and the ethical committee. We includ-
ed all the patients visiting our OPDwith complaints of LBP for
more than three months, whose X-ray shows spondylolis-
thesis and who gave consent for the study. All patients were
advised conservative treatment (NSAIDS, physiotherapy and
short wave diathermy) and were followed once in 2 weeks
regularly and were evaluated once in 6 weeks with the help of
modified Oswestry questionnaire. At the end of 6 months,
patients who were improved were advised the same conser-
vative treatment and followed up. Those who have not
improved were suggested repeat X-rays and the parameters
and grade of listhesis recalculated. A total of 79 patients were
thus included in the study. Another age and sex matched
group of asymptomatic volunteers (n ¼ 75) were also re-
cruited as a control group. Out of the total of 79 patients, 35
were followed for six month period of which 27 improved and
in 8 there was no improvement. 25 have lost follow-up and in
19 follow-upwas still pending. All the patients and volunteers
underwent a standardized lateral sagittal digital radiograph of
the whole spine including the base of the skull till the
proximal ⅓ thigh.The sagittal spinopelvic parameters were
measured using the Surgimap spine software version 2.1.2 by
a single observer. The parameters measured were pelvic
incidence PI, pelvic tilt PT, sacral slope SS, thoracic kyphosis
TK, lumbar lordosis LL, lordotic and kyphotic vertebra. The
comparisons were drawn between the patients and controls
using appropriate statistical methods.

Results: The mean values in the asymptomatic group
are PI-47.85, PT-13.03, SS-34.8, LL-54.68, TK-24.03. In the
listhesis group are PI-65.32, PT-21.30, SS-44.13, LL-54.08,
TK-25.49. There was a significant difference between the
normal and the listhesis groups among PI, SS, PT
(p < 0.001). There was no significant difference in pelvic
incidence between the patients with high-grade(grade
3,4,5) and low-grade listhesis(grade 1,2).

Conclusion: The progression of slip and the response of
the conservative treatment depends on- pelvic incidence,
initial grade and how many levels of slip and finally on the
sagittal vertical axis and its distance from the posterior
superior corner of sacrum.

GO061. Does the Position of the Spacer in Tlif have an
Influence on Anatomical Parameters Such as Segmental
Lordosis, Foraminal Height? A Prospective Randomized
Study
Marton Ronai1, Peter Pal Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: In a prospective randomized trial we
aimed to validate PMMA spacer in TLIF. Compared with
standard, preformed PEEK spacer we didn’t find significant
difference regarding the clinical outcome, completed bony
fusion, subsidence or loosening. When performing TLIF there
are different arguments to position the intervertebral spacer
in different position (anterior or posterior) In this prospective,
randomized study we would like to compare the segmental
anatomical changes following the position of a custom made
PMMA spacer in monosegmental TLIF.

Material and Methods: In our study we planned to
collect 60 consecutive patients towhomwe perform one level
TLIF in the lumbar spine. The patients are randomized in two
groups by the GraphPad QuickCalcs software. Group A is
standard TLIF with PMMA spacer placed in the anterior part
of the intervertebral space. Group B is standard TLIF with
PMMA spacer positioned in the posterior part of the interver-
tebral space. Patients between 18–65 years/o were inclouded.
Patients with a high grade spondylolisthesis, metabolic bone
desease, spinal infection, cancer, severe scoliosis (Cobb over
30°) were excluded. We evaluate changes in segmental, and
overall lordosis and in the height of the neuroforamen accord-
ing to the position of the spacer.

Results: 58 patients, 31 in group A and 27 in group B,
has a minimum of one year follow up. In both groups the
segmental lordosis increased. The mean change was 6° in
group A and 4° in group B, the difference was not significant.
The foraminal height also increased in both groups, the mean
change was 18% in group A and 27% in group B but this
difference was not significant eather.

Conclusion: Anterior position of the intervertebral
spacer seems to provide more possibility to correct lumbar
lordosis, but the advantage on posterior position hasn’t been
shown significant in this study. Better foraminal height resto-
ration was found in the posterior position of the spacer, but
there was no correlation of this parameter to the clinical
outcome. We can conclude that both positions provide good
radiological and clinical result.

GO062. Outcome Prediction in Elective Spine Surgery: A
Prospective Cohort Study
Ehab Shiban1, Bernhard Meyer1, Youssef Shiban2, Andreas
Mühlberger2
1Department of Neurosurgery, Technical University of Munich,
Munich, Germany
2Department of Clinical Psychology and Psychotherapy, Regensburg,
Germany

Objectives: To identify associations between demo-
graphic characteristics, anxiety, depression, social support,
psychological and physical health in relation to self reported
disability following elective spine surgery.

Methods: Study design: Prospective cohort study. Pa-
tients were asked preoperatively to complete a series of
questionnaires, including the Oswestry Disability Index
(ODI), the anxiety sensitivity index (ASI-3), the SF-36, the
visual analogue scale for pain (VAS), the Berliner Social
Support Scale, the PTSS-10 for PTSD symptoms and indicate
demographic variables concerning education or partnership
for example. The evaluation was based on the ODI filled out 3
months postoperatively. The univariate and multivariate
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analysis between risk factors and outcome parameter (ODI)
was assessed with correlation coefficients and multivariate
logistic regression.

Results: 144 patients met all inclusion criteria, 54%
were male, 46% were female. Regardless of the operation
dimension 75% had a lower ODI score at 3 months postopera-
tively compared with preoperatively and hence had a higher
functionality after the operation. Preoperatively high values in
age (r=0,153; p ¼ 0,087), pain (VAS) (r=0,287; p ¼ 0,01), trait
anxiety(r=0,197; p ¼ 0,027), PTSS (r=0,163; p ¼ 0,069), ODI
(r=0,459; p < 0,001) and low levels of social support (BSSS)
(r ¼ �0,148; p ¼ 0,099) and education (r ¼ �0,156;
p ¼ 0,098) correlated with high levels of ODI postoperatively
which identifies all the mentioned variables as potential risk
factors. A stepwise logistic regression model showed signifi-
cant association with age, pain (VAS), state anxiety (STAI-S),
and depression symptoms (ADS-K) (p < 0,000).

Conclusion: Preoperative psychological status is asso-
ciated with worse clinical outcome following elective spine
surgery. A screening instrument allowing the identification of
such patients is feasible.

GO063. Expectations of Pain Improvement and Actual Pain
Improvement: A Prospective Comparison for Lumbar Spine
Surgery
Darren Lebl1, Andrew Sama1, Federico P. Girardi1, Frank P.
Cammisa1, Alex P. Hughes1, Roland Duculan1, Carol A.
Mancuso1
1Department of Orhtopaedic Spine Surgery, Hospital for Special
Surgery, New York, New York, United States

Introduction: Patients undergo lumbar spine surgery
because they expect improvement in pain and function.
Traditionally, pain outcomes have been measured with nu-
merical scales that capture pain intensity. Fulfillment of the
expectation for pain improvement is another outcome that
captures additional components of pain. This study compared
patients’ preoperative expectation of pain improvement with
their actual pain improvement two years after surgery and
identified variables associated with postoperative pain and
unfulfilled expectations of pain improvement.

Methods: Several days before surgery patients com-
pleted a multi-item expectations survey specific to lumbar
spine surgery that is valid and reliable. One item asked
patients how much pain improvement they expected with
response options ranging from “complete improvement” to a
“little improvement.” Patients also rated pain intensity on a
numerical scale (0 (none), 10 (worst)) and completed standard
surveys for psychological well-being and disability due to
lumbar pain. Two years after surgery patients were asked
how much pain improvement they actually received with
response options ranging from “complete improvement” to
“no improvement.” Patients were not reminded of their
preoperative responses. They also reported current back
and leg pain intensity with the numerical scale.

Results: In total, 422 patients (87% of those eligible)
completed the follow-up a mean of 2.2 years after surgery;
mean agewas 56 years, 55%weremen, 78%had a degenerative
spine condition, 44% were taking opioids, and median back
and leg pain intensities were 7 and 6, respectively. Most
patients expected a lot (44%) or complete (45%) pain improve-
ment preoperatively. Regarding postoperative pain improve-
ment at two years, 11% reported no improvement, 28%
reported a little to moderate improvement, 44% reported a
lot of improvement, and 16% reported complete improve-
ment. In multivariable analysis, patients were more likely to
report less improvement if, before surgery, they expected
greater pain improvement (OR 1.4; CI 1.1–1.9; p=.001), had

symptoms longer (OR 1.6; CI 1.0–2.5; p=.06), had a positive
screen for depression (OR 1.7; CI 1.2–2.5; p=.005), werehaving
revision surgery (OR 1.6; CI 1.0–2.6; p=.04), had surgery at L4
or L5 (OR 2.5; CI 1.3–4.7; p=.004), and had a degenerative
diagnosis (OR 1.6; CI 1.0–2.6; p=.05). They also had less pain
improvement if they had a subsequent (repeat) surgery (OR
2.8; CI 1.7–4.7; p < .0001) and had less decrease in back (OR
1.3; CI 1.2–1.3; p < .0001) and leg pain (OR 1.1; CI 1.0–1.1;
p=.004) based on the numerical scale. The proportions of
patients who had their expectation fulfilled were 23% for
those who expected complete improvement, 60% for those
who expected a lot, 60% for those who expected moderate,
and 71% for those who expected a little improvement. The
variables associated with an unfulfilled expectation in multi-
variable analysis were greater preoperative expectations (OR
6.0; CI 3.9–9.2; p < .0001), a positive screen for depression
(OR 1.9; CI 1.2–3.1; p=.01), surgery at L4 or L5 (OR 3,6; CI 1.6–
8.5; p=.003), repeat surgery (OR 3.6; CI 1.8–7.5; p=.0005), and
less decrease in back (OR 1.2; CI 1.2–1.4; p < .0001) and leg
(OR 1.1; CI 1.0–1.1; p=.02) pain based on the numerical scale.

Discussion: Back pain is common two years after
lumbar spine surgerywithmost patients having less improve-
ment in pain then theyexpected preoperatively. Postoperative
lumbar pain is a complex phenomenon due to an interrelated
network of clinical, technical, and psychological variables.
Surgeons should preoperatively ascertain patients’ expected
level of pain relief and particularly council those who expect
complete improvement in pain.

Diagnostics

GO064. Verification of Nerve Decompression Using
Mechanomyography
Nolan Wessell1, Wael Ghacham1, Jad Khalil2, Joseph Zavatsky3,
Stephen Bartol1
1Department of Orthopaedic Surgery, Henry Ford Hospital, Detroit,
Michigan, United States
2Department of Orthopaedic Surgery, William Beaumont Hospital,
Royal Oak, Michigan, United States
3Spine and Scoliosis Specialists, Tampa, Florida, United States

Introduction:Assessment of nerve root decompression
in surgery is largely based on visualization and tactile feed-
back. Often times, visualization can be limited, such as in
minimally invasive surgery, and tactile feedback is a subjective
assessment that makes the evaluation of successful nerve
decompression difficult. Electromyography (EMG) has been
proposed as an assessment tool but EMG responses are often
difficult to quantify. Alternatively, mechanomyography
(MMG) provides a quantifiable response with minimal signal
to noise ratio compared with EMG. MMG provides a sensitive
tool to accurately quantify mechanical responses to motor
action potentials generated by electrical stimulus, allowing
more reliable assessment of nerve decompression. The objec-
tive of this study was to assess the ability of mechanomyog-
raphy to quantitatively demonstrate successful nerve root
decompression.

Materials and Methods Seventy-two (72) nerves roots
in 46 patients undergoing lumbar decompression procedures
were examined using MMG. Nerves were stimulated up-
stream from the compression site and the lowest threshold
current needed to generate a muscle response was deter-
mined. Signal response sizes were recorded before and after
decompression. Visual-analog scale (VAS) scores were collect-
ed pre and post-operatively.

Results: Ninety percent (90%) of patients (65/72) had
elevated stimulation thresholds (>1mA) prior to decompres-
sion. After decompression, 98% of patients (64/65) with
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elevated current thresholds exhibited a drop in threshold of�
1mA (p < 0.001). A post-decompression increase in response
amplitude was recorded in all patients. VAS scores improved
post-decompression (6.8 versus 1.1, p < 0.001)with a positive
correlation between decreased stimulation thresholds and
improved VAS scores (p < 0.001).

Conclusion: MMG is an effective tool that can be used
to differentiate normal and compressed nerves by quantifying
the mechanomyographic response to a stimulating current.
MMG allows one to measure the effect of decompression,
judge its effectiveness in real time, and eliminate the subjec-
tivity seen in tactile feedbackmethods.When the adequacy of
decompression is uncertain, MMG can guide the surgeon
toward additional or alternative procedures to ensure com-
plete nerve root decompression.

GO065. Morphometric Analysis of Pedicle and Lateral Mass
of C1 Vertebra in Indian population using 3D Reconstructed
Computerized Tomographic Images, with Comparative
Analysis of the Feasibility and Safety of two Proposed C1
Pedicle Screw Trajectories in Relation to Vertebral Artery
and Internal Carotid Artery
Vijayanth Kanagaraju1
1Department of Orthopaedics and Spine Surgery, PSG IMS&R,
Coimbatore, Tamil Nadu, India

Introduction: Lateral mass screw fixation has been
considered the gold standard in the instrumentation of C1
vertebra since its introduction by Goel and Laheri. The mor-
phometry of pedicle and pedicle screw fixation in C1 vertebra
is poorly illustrated in literature. Further biomechanical stud-
ies have proved better pullout strength in C1 pedicle screws
compared with C1 lateral mass screws. Here we analyze the
morphometry of C1 pedicle and lateral mass in Indian popu-
lation, with comparison of two proposed pedicle screw
trajectories.

Materials and Methods 3D CT reconstructed images of
C1 vertebra of 100 adult Indian population(50 male and 50
female) were analyzed for 22 parameters(200 pedicles, 4400
measurements). The anatomic parameters include pedicle
height(PH), pedicle sagittal angle(PSA), lateral mass height,
length, width(LH,LL,LW). Two pedicle screw trajectories,
straight(S) and medially angulated(M) were defined and
comparative analysis were done using following parameters,
entry point midline distance(SEMD,MEMD), axial length(SAL,
MAL), pedicle length(SPL,MPL), distance from vertebral fora-
men(SVD,MVD), angle of freedom from vertebral foramen for
screw trajectory(SVAF,MVAF), pedicle screw trajectory width
(SPW,MPW), medially angulated pedicle screw transverse
angle(PTA), shortest distance from internal carotid artery
(ICA) to screw exit point in anterior cortex(SID,MID), angle
of freedom from ICA for screw trajectory(SIAF,MIAF).

Results: All 22 parameters were analyzed using SPSS
softwarewithmean PH 3.4, PSA 19°, LH 11.3, LL 15.2, LW 13.1,
SEMD 18.7, MEMD 21.7, SAL 24.9, MAL 25.4, SPL 9.6, MPL 6.6,
SVD 3.3, MVD 4.1,SVAF 12.1°, MVAF 24.5°, SPW 6.6, MPW 8.3,
PTA 22.3°, SID 5.8, MID 9.9, SIAF 5.2° andMIAF 20.3°(all linear
measurements in mm). PW, PSA, LH, LL, LW, SEMD, MEMD,
SAL, MAL, MVD, MVAF, MPW and SID were significantly
dependant on sex. There was a statistically significant differ-
ence in values of measured parameters between both trajec-
tory S and M. All parameters except MPL are quantitatively
greater in trajectory M than S.

Conclusion: Out of 200 pedicles studied the PH of only
89 are � 3.5mm, and 154 are � 3mm. So ¾ of Indian C1
pedicles can accommodate only a 3mm screw. A preoperative
CT analysis is necessary in all patients to evaluate the feasibil-
ity of C1 pedicle screwand for neurovascular safety. Amedially

angulated C1 pedicle screw with more lateral entry point is
more accommodative and safer in respect to ICA and vertebral
artery than the straight screw. Also a bicortical screw pur-
chase is safer in a medially angulated screw than a straight
screw, which is comparatively at a higher risk of injuring ICA.
Still biomechanical studies have to be done comparing both
screw trajectories.

GO066. Significant Alerts in Intraoperative
Neurophysiologic Monitoring during Severe Spinal
Deformity Surgeries- A Categorical Description Experience
in Tertiary Care Referral Center from the Subcontinent
Pravin Gupta1, Shankar Acharya1, Kashmiri Lal Kalra1, Rupinder
Pal Singh Chahal1, Manish Kohli1
1Department of Ortho Spine Surgery, Sir Gangaram Hospital, New
Delhi, India

Introduction: Intraoperative Neurophysiological mon-
itoring (IONM) has become a standard of care in spinal
deformity surgeries to minimize the incidence of new onset
neurological deficit. It has largely averted the use of historic
intraoperative wake-up test. The risk of new neurologic defi-
cit, in such cases, is high and frequency of significant alerts in
neuro-monitoring can distress the surgeon so it is essential for
the surgeon to knowabout the various categories of alerts and
their management.

Study Design: Retrospective review of all spinal defor-
mity surgeries performed with IONM in an Indian hospital
over a period from 2011–2015.

Material and Methods: All except two patients were
subjected to IONM by transcranial electrical motor evolked
potentials (TCeMEP) during the spinal deformity surgery.
These two patients were monitored with SSEP. Patients
were included in the study only if complete demographic
data, operative reports and neuromonitoring data and post-
operative neurological data were available for review. A
significant IONM alert during MEP monitoring was defined
as 80% or more decrement in the MEP amplitude, or Increase
in threshold of 100 V or more from baseline. During SSEP
monitoring, significant alert was defined as 50% or greater
decrease from baseline in the amplitude or latency prolonga-
tion by 10% or more. A full neurologic recovery was defined as
a return to baseline for all MEP and SSEP signals. The systemic
and surgical causes of IONM alerts and the postoperative
neurological status were recorded.

Results: Total 43 patients underwent the surgery for
severe spinal deformities with neuromonitoring. The average
age was 13.2 years (6–38), and male:female ratio was 11:32.
Diagnoses included idiopathic scoliosis (26), congenital scoli-
osis (6), congenital kyphosis (5), congenital kyphoscoliosis (2),
post-infectious kyphosis (3), and post-traumatic kyphosis (1).
The average kyphosis was 84; (45–136); the average scoliosis
was 89; (62–128). There were total 21 IONM alerts in 16
patients (37%). The most common causes were Hypotension
(5), drug induced (4), distraction (4), deformity correction (3),
SPO/Ponte/PSO osteotomies (2), Tachycardia (2) and Screw
placement (1). Reversal of the inciting cause resulted in
complete reversal of the alert in 90% of the times. Two patients
wake up with neurodeficit (Screw placement and deformity
correction) which recovered over few weeks. One patient
showed persistent alerts but wake up without any deficit.

Conclusion: IONM alerts are frequent during severe
spinal deformity surgery. In our study more than 50% of the
alerts were associated with anesthetic management (hypo-
tension, drugs and tachycardia). So in case of significant alert,
surgeon should not get stressed out but to analyze whether
the cause is systemic and thefirst step is tomaintain themean
blood pressure. However, the most common cause of
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persistent IONM alert were screw malposition and deformity
correction. Careful surgical technique supported by IONM and
their interpretation can reduce neurologic mishaps.

GO067. Movement along the Spine Induced by Transcranial
Electrical Stimulation (TES) Related to the Montage of
Electrodes
Eric Hoebink1
1Department of Orthopedic Surgery, Amphia Hospital, Breda, The
Netherlands

Introduction: Transcranial Electrical Stimulates Motor
Evoked Potentials (TES-MEP) is a safe technique for neuro-
monitoring during spinal surgery. However induced move-
ment can cause injuries and delay surgical procedures. When
TES movements are evoked by other thanmonitoredmuscles,
one may expect that adjustments in stimulation paradigms
and electrode montages may minimize movement while
preserving quality of monitoring. In this study, TES evoked
seismic evoked responses (SER) are studied at different elec-
trodes montage during spinal deformity surgery.

Materials and Methods: In 12 patients undergoing
corrective spine surgery, intra-operative TES-MEP was per-
formed. Accelero transducers recorded SER in two directions
at 4 different locations of the spine for TES-electrode mon-
tages groups Cz-Fz and C3-C4. A resulting acceleration value,
SERr, was computed. A paired t-test was used to compare the
means of SER and the relationship between movement and
TES electrode montages.

Results: SER’s are the strongest in the upper body. All
mean SER’s values of the Cz-Fz group are up to 5 times larger
when compared with the C3–4 group. However, there are no
differences between the C3-C4 and Cz-Fz groups in the lower
body locations. Both electrode montage groups show gradual
decreasing steps of all mean SER values along the spine from
cranial to caudal. For the upper body locations there were no
significant correlations of SERr between both montages,
whereas in contrast, a significant correlation of SERr exists
at the lumbar region.

Conclusions: At supramaximum levels, movements
resulting from multipulse TES is likely caused by relative
strong contractions from muscles in the neck resulting from
extracranial direct stimulation.When interchanging electrode
montages in individual cases, the movement in the neck may
become reduced. At lumbar levels transcranial evokedmuscle
contractions dominate movement in the surgical exposed
areas likely dominated by local muscles.

GO068. The Relationship between Increased Signal Intensity
on t2-weighted Magnetic Resonance Imaging and the
Entropy of Gait Analysis in Cervical Spondylotic Myelopathy
Wan-Ling Tsai1, Chao-Cheng Wu2, Jiann-Her Lin1, Yung-Hsiao
Chiang1, Cheng-Kuei Chang3, Chin-Wei Yang2, Cheng-Kuei
Chang3
1Department of Neurosurgery, Taipei Medical University Hospital,
Taipei, Taiwan, Province of China
2Department of Electrical Engineering, National Taipei University of
Technology, Taipei, Taiwan, Province of China,
3Graduate Institute of Injury Prevention and Control, College of Public
Health and Nutrition, Taipei Medical University, Taipei, Taiwan,
Province of China

Objective: To determine relationships between in-
creased signal intensity (ISI) on T2-weighted cervical spine
magnetic resonance imaging (MRI) and parameters of gait
analysis in patients with cervical spondylotic myelopathy
(CSM).

Methods and Materials: Patients were evaluated by
using the Nurick scale, cervical spine MRI, and gait analysis.
The signals of 3-axis accelerometer was collected during the
gait analysis, and then the entropy of frequency (EF)and
amplitude (EA) of vertical axis was measured The increased
signal intensity on the spinal cord was determined by two
neurosurgeons.

Results: 7 CSM patients with ISI on the spinal cord and
2 CSMpatientswithout ISIwere included. In addition, 7 health
subjects were recruited as the control group.Relative to pa-
tientswithout ISI and the control group, thosewith ISI showed
significantly higher EAs of vertical axis signal (p < .05), but
not EFs. Moreover, postoperative EAs significantly decreased
compared with preoperative EAs. The Nurick scales signifi-
cantly correlated with EA.

Conclusions: The gait analysis showed that EAs of
vertical axis were significantly higher in CSM patients with
ISI and in preoperative gait analysis of those patients. EA of
vertical axis also correlatedwell with the Nurick grades . EA of
vertical axis in gait analysis may be a useful tool for evaluating
gait functions in cervical myelopathy.

GO069. Less False Negative in Neuromonitoring Lumbar
Screws
Pedro Cortes Garcia1, Pedro Perez Lorensu1, Bernabe Deniz
Rodriguez1
1Orthopaedic Department, Neurophisiology Unit, Hospital
Universitario de Canarias, Tenerife, Spain

Introduction: IOM is a standard care in cases of scolio-
sis.. there is more controversial their use in mubar pathology..
there are 5% lessions of nerve roots. There is a debate about the
stimilation thresholds, to evaluate possibilities of medial
positioning pedicular screws. The objetive of this paper is
Evaluation of the effect of chronic compression of the lumbar
roots in relation to thresholds direct stimulation.

Material and Methods: Study Design:• prospective case
series with measurement and threshold register direct stim-
ulation of lumbar roots.• 80 patients (43 women and 199
nerve roots) consecutive undergoing spinal surgery in a
period of six months (January to October 2014), 7 surgeons
and one neurophysiologist.• Average age: 52.87 (SD ¼ 14.9)•
199 were stimulated nerve roots formDirect recording their
stimulation threshold.

Results: Stimulating a nerve roots 199 average 2.82 per
patient (SD ¼ 1• 52 (26.1%) were considered preoperatively
chronically compressed. No differences were found in thresh-
olds stimulation of different lumbar levels (e.g., L2, L3, L4, L5
and S1) or chronically compressed roots or non-compressed
(ANOVA, p > 0.05; p ¼ 0.190). Averagemaximumstimulation
intensity 6.34 mA (SD ¼ 7.2). Nerve roots uncompressed
presented a average intensity threshold stimulation 4.33
mA (SD ¼ 3.6) chronically compressed nerve roots. They
had an average intensity thresholdstimulation of 11.93 mA
(SD ¼ 10.9). This differencewas statistically significant (TStu-
dent, p < 0.0001). No association was found between age and
theaverage intensity of stimulus or between roots chronically
compressed or non-compressed.

Conclusion: If you are using direct stimulation path of
the pedicle and / or to confirm the screw indemnity pedicle,
we bear in mind theexistence of symptoms of nerve root
compression previously. As shown in this study, these varia-
bles determine a threshold stimulation intensity greater root
to confirm the proper positioning screw. We could generate
false negative results, and thus to detect a possible improper
positioning intrapedicular screw.

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S69



Trauma Cervical 2

GO070. Ilio-sacral Stabilization of Sacral Jumper’s Fractures
using the AO-Spine Fracture System: A Novel Surgical
Technique
Alexander T. Mameghani1, Bernhard Jeanneret2, Stefan
Schären2
1Departmentof Orthopedic and Trauma, Kantonsspital Baden, Baden,
Switzerland
2Department of Spine Surgery, Universtity Hospital Basel, Basel,
Switzerland

Introduction: Jumper's fractures are severe dissocia-
tion injuries of the spinopelvic junction. These U-shaped
fractures are due to an axial trauma. The treatment of these
fractures associated with neurological complications includes
emergency decompression combined with reduction and
stabilization of the fracture-dislocation. Usually, stabilization
from L4 or L5 to the ilium combined with decompression of
the spinal canal is advocated, thus fusingone or two additional
healthy lumbarmotion segments.We report on three patients
with jumper's fractures, inwhomwe successfully performed a
posterior decompression and open stabilization from S1 to the
ilium, therefore sparing the motion segments L4/S1.

Material and Methods: 3 patients (40, 45 and 49 years
old) had been admitted to the emergency room after they
attempted suicide and jumped from a greater height. All three
had a jumper's fracturewith fragments into the sacral canal and
epidural hematoma. Indication for emergency decompression
was present. In prone position amidline incisionwas performed
and decompression of the sacral canal was achieved. After
decompression bilateral long monoaxial USS II screws were
placed into the ilium. Schanz' screws from the USS fracture
system were then introduced bilaterally in S1. The rods were
rigidly mounted to the monoaxial ilium-screws. Fracture reduc-
tion and stabilizationwas performed under fluoroscopic control
with the same maneuver as used for reduction of lumbar burst
fractures. Fracture reduction and healing was examined with
postoperative CT scan and controlled after 3 and 9 month.

Results: Bony healing was achieved in all three patients.
In all 3 cases implant removalwas performed after bony healing
was proved as seen in computed tomography. At 1 year follow-
up, neurological exam was normal in 2 patients. 1 patient still
hadpersistent incompletebladder andbowel functiondisorders.
All patients were able to walk without assistance.

Conclusion: Ilio-sacral stabilization seems to be a reli-
able way of achieving reduction and bony healing in jumper’s
fractures. The reduction manoeuver is the same as described
by Magerl and later on by Dick for lumbar burst fractures. As
the lumbosacral motion segments (L4/5 and L5/S1) remain
untouched, this technique offers the advantage of sparing
important motion segments of the lumbar spine, thus being
less invasive than the usually advocated techniques. However,
this technique only is possible, if the segment L5/S1 is intact.

GO071. Development of a Universal Disease-Specific
Outcome Instrument for Spine Trauma Patients – The
AOSpine Patient Reported Outcome Spine Trauma (AOSpine
PROST)
Said Sadiqi1, A. Mechteld Lehr1, Marcel W. Post2, F. Cumhur
Oner1, AOSpine Knowledge Forum Trauma3
1Department of Orthopaedics, University Medical Center Utrecht,
Utrecht, The Netherlands
2Rehabilitation Center De Hoogstraat, Utrecht, The Netherlands
3AO Foundation, Davos, Switzerland

Introduction: In the absence of an outcome instrument
specifically designed and validated for traumatic spinal col-

umn injury patients, it is difficult to measure the effect size of
various treatment options in a variety of traumatic spinal
column injuries. In reflection of this dilemma, the AOSpine
Knowledge Forum Trauma initiated a project to develop and
validate universal disease-specific outcome instruments for
adult spine traumapatients that includeboth the patients’ and
clinicians’ perspective. The International Classification of
Functioning, Disability and Health (ICF) is used as the basis
for the patient reported part of this outcome instrument,
named AOSpine Patient Reported Outcome Spine Trauma
(AOSpine PROST).

Material and Methods: Based on the results of 4
preparatory studies and a consensus conference using the
ICF methodology, 25 ICF categories were selected as core
categories for patient reported outcome measurement in
adult traumatic spinal column injury patients. The response
scale for use agreed on was the Numeric Rating Scale 0–100,
with 0 indicating no function at all and 100 indicating the pre-
injury level of function. These results formed the basis for the
development of the AOSpine PROST. The first draft of the
Dutch versionwas pilot tested among a consecutively selected
representative sample of 25 traumatic spinal column injury
patients from a level-1 trauma center in the Netherlands. The
‘think aloud’ and ‘probing’methods were used to evaluate the
comprehensibility, relevance, acceptability, feasibility, and
completeness of the AOSpine PROST. Subsequently, this draft
version was cross-culturally translated and adapted into
English according to established guidelines. This process con-
sisted of multiple stages, including forward-translations, syn-
thesis, back-translations, and an expert committeemeeting to
reach consensus on any discrepancies and to develop a final
English version of AOSpine PROST.

Results: Out of the 25 core ICF categories, 9 related to
body functions, 14 related to activities and participation, and 2
related to environmental factors. Implementing those 25 core
categories into the selected response scale resulted in a draft
version of AOSpine PROST, consisting of the following 19
items: household activities, work/study, recreation and lei-
sure, social life, walking, travel, changing posture,maintaining
posture, lifting and carrying, personal care, urinating, bowel
movement, sexual function, emotional function, energy level,
sleep, stiffness, loss of strength, and pain. Very satisfactory
results were obtained from the pilot study, and only some
minor adaptions were needed. Statistical analysis showed a
high level of internal consistency (Cronbach’s α ¼ 0.926).

Conclusion: Using the ICF methodology and based on
the results of 4 different preparatory studies and a consensus
conference, a disease-specific patient reported outcome in-
strument for traumatic spinal column injury patients has been
developed. Very good resultswere obtained fromapilot study,
and currently the Dutch and English versions of AOSpine
PROST are being subjected to further validation in an interna-
tional multicenter study. Ultimately, the AOSpine PROST will
be a helpful tool to compare various treatments and improve
the quality of health care.

GO072. Surgical Outcomes after Traumatic Spinal Injury in
Patients with Ankylosing Spondylitis - A Review of Ireland's
National Spinal Unit
Mark Berney1, Seamus Morris1, Mary Nugent1
1Department of Orthopaedics, Mater Misericordiae University
Hospital, Dublin, Ireland

Introduction: Patients with ankylosing spondylitis
have a significantly increased risk of spinal injury when
compared with the general population. Due to the pathogen-
esis of this condition, they are prone to spinal fractures even
with low-energy mechanisms of injury. Since being
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established, the National Spinal Unit has admitted a signifi-
cant number of these patients with a wide range of spinal
injuries for surgical management. In this study, we reviewed
fractures in patients with ankylosing spondylitis to better
define the mechanism of injury, associated neurological defi-
cit, predisposing factors, management strategies, and clinical
outcomes.

Material and Methods: Between January 2005 and
September 2015, 28 patients with fractures were treated in
the Unit. Imaging evaluation was obtained in all patients by
using plain radiography, CT scan, and MRI. The ASIA Im-
pairment Scale was used to evaluate the neurologic status
of the patients. Management was based on the presence or
absence of spinal instability. A retrospective chart review was
performed to determine patient factors, mechanism of injury,
pre-operative status,management, and post-operative course.

Results: Of 28 patients reviewed, 21 cervical fractures
and 8 thoracic fractures were identified. 14 cases were caused
by minor trauma. Post-traumatic neurological deficits dem-
onstrated byASIA assessment in 15 patientswith neurological
improvement seen in 8 of these cases.

Conclusion: Patients with ankylosing spondylitis are
highly susceptible to spinal fracture and spinal cord injury
even after only mild trauma. Initial CT or MR imaging of the
whole spine is recommended even if the patient’s symptoms
are mild. The patient should also have early surgical stabiliza-
tion to correct spinal deformity and avoid worsening of the
patient’s neurological status.

GO073. Outcomes of Lumbopelvic Fixation in the Treatment
of Complex Sacral Fractures Using Minimally Invasive
Surgical Techniques
Ehsan Jazini1, Emeka Nwodim1, Oliver Tannous1, Kelley
Banagan1, Eugene Koh1, Steven Ludwig1, Daniel Gelb1
1Department of Orthopaedics, University of Maryland Medical Center,
Baltimore, Maryland, United States

Introduction: Complex sacral fractures with vertical
and anterior pelvic ring instability treated with traditional
fixation methods are associated with high rates of failure and
poor clinical outcomes. Supplemental lumbopelvic fixation
(LPF) has been utilized for additional stability to help with
fracture union. The purpose of this study was to determine if
minimally invasive LPF provides reliable fracture stability and
acceptable complication rates in complex sacral fractures.

Methods: Twenty-eight patients were retrospectively
chosen from a pool of 105 at our level 1 trauma center (2008–
2014) who had undergone LPF. Patients underwent posterior
sacroiliac fixation, with or without anterior fixation, followed
by minimally invasive LPF. Main outcomes were return to the
operating room (OR) for instrumentation revision secondary
to loss of correction or failure of fixation, return to the OR for
treatment of infection, radiographic evaluation to assess for
loss of reduction. ISS score, transfusion requirements, length
of hospital stay, postoperative day at mobilization, and mor-
tality were also evaluated.

Results: Three patients returned to the OR for infection
(11%). One patient required revision surgery for instrumenta-
tion malposition and neurologic deficit (3.5%). No patients
required return to the OR for revision due to failure of
instrumentation or loss of correction. The average length of
surgery was 3.9 hours and estimated blood loss was 192 mL.
The average transfusion requirement was 2.2 units of packed
red blood cells and the majority of patients were mobilized at
postoperative day 4. There were no mortalities.

Conclusion: This is currently the largest series of high
energy complex sacral fractures treated with minimally inva-

sive LPF. The results demonstrate reliable maintenance of
reduction with a low complication rate.

GO074. Non-contiguous Cervical Spine Injury in a 14-month
old Child; Case Report and Review of the Literature
Ahmed Shawky1,2, Ali Ezzati1
1Spine Center, Helios Klinikum Erfurt, Erfurt, Germany
2Assiut University Hospitals, Assiut, Egypt

Introduction: Cervical spine injuries in children are
relatively rare. Pattern, severity and level of these injuries are
age dependant. Most of the available literature differentiates
between two age groups, younger and older than 8 years. The
incidence of upper cervical injuries is higher among children
younger than 8 years. Most of the available literature is
retrospective analysis of databases or case reports.

Patients and Methods: a 14-month old child was
presented to our emergency unit after involvement in a
road-traffic accident. A stiff neck cervical collar was applied
at the accident scene. The child was conscious, oriented. He
had tendency to move the right upper and lower limb better
than the left side. He had torticollis with the head rotated to
the left side. Neurological examination revealed a left-sided
hemiparesis. He had no other injuries. Under general anes-
thesia CT and MRI of the skull and the cervical spine were
done. These investigations showed a fracture of the axiswith a
rotary subluxation of C1/2, cord edema at the level of C1
predominantly on the left side and a disco-ligamentous injury
at the level of C3/4. Controlled closed reduction under image
intensifier andMinerva cast was applied for 3weeks, and then
replaced with a modified Minerva-Hartmann orthosis for
another 3 weeks. A review of the literature for patients below
the age of 3 years with cervical spine injuries was done in a
trial to define an algorithm to clear the cervical spine and to
outline the management of this age group.

Results: The patient was followed for one year with
normal MRI findings at 6 months and normal clinical findings
at one year follow-up with complete improvement of the
neurological deficits.

Conclusion: Clearance of the cervical spine after trau-
ma in children below the age of 3 is challenging. Articulation
and cooperation during clinical examination and imaging
investigation is limited. Imaging should be done under general
anesthesia. Immobilisation is also demanding and definitive
immobilisation for conservative treatment is usually using
custom-made orthoses. results of conservative treatment are
excellent if closed reduction and immobilisation were
achieved.

GO075. Surgical Protocol Based on Radiological Patterns in
Osteoporotic Fractures (OPF) with Neurology
Mihir Bapat1, Amandeep Gujral1, Susmit Naskar1
1Department of Orthopaedics, Kokilaben Dhirubhai Ambani Hospital,
Mumbai, Maharashtra, India

Introduction: Neurological affection in OPF depicts
dynamic instability in the fractured vertebral body. Surgical
treatment favors posterior instrumentation in most reports,
while hinting toward anterior decompression in selected
cases. Guidelines for radiology-based selection of surgical
protocol is lacking in literature. We propose a radiological
classification and results of surgical treatment of OPFs.

Study: Prospective, clinical case series (Level 3).
Material and Methods: 50 consecutive patients (M: F

21:29, average age 69.8) were grouped into 5 radiological
patterns. Average BMD was -2.7 (-1.8 to -3.4). Radiological
assessment was X-rays, MRI and CT scan. 1. Burst Fracture
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with retropulsion (23). 2. Tri-columnar instability (13). 3.
Circumferential stenosis (9). 4. Intra-vertebral instability
post vertebroplasty (2). 5. Unstable disc adjacent to OPF (2).
6. Progressive deformity (1). Average duration of fracture was
2.3 months (0.5 – 6) and neuro-deficit was 0.98months (0.25-
3). Fracture distribution (53 OPF) was D5 (2), D7 (1), D10 (4),
D11 (5), D12 (18), L1 (11), L2 (4), L3 (5), and L4 (3). Surgical
Protocol was: Pattern 4: Only Posterior stabilization (PS);
Pattern 2: PS and VP; Pattern 1: PS and Vertebroplasty (VP)
in 17. Posterior decompression (PD) 6; Pattern 3: PS, PD, VP
(9), Inter-body cage (4); Pattern 5: PS, TLIF; Pattern 6: PSO.

Result:Average follow-upwas 2 years (2008–2014). 47
completed study. Average pre & post treatment and final
kyphosis was 27.8 degrees (10- 62), 15.7 degrees and 20.9
(loss of correction 5.2) degrees. Average Pre & post procedure
and 2 year VAS pain scores were 8.2, 3.5 and 5.2 respectively.
The pre-op ASIA grades were B (4), C (13), D (27). Final ASIA
grades were A (1), B (1), C (9), D (32), E (4). Fracture above
fixation caused paraplegia in one patient that did not improve.
Implant loosening was seen in 19 (40.42%) and 7 (12.76%)
required revision. Proximal junctional kyphosis occurred in 2.
Pattern 1–4, PS & VP provided stability and clinical improve-
ment. PD was required in 10 (21.27%) only (Specific root
decompression in 4). Inter-body cage was used in 6 (early
part of series). Authors believe vertebroplasty restores anteri-
or stability and cage should be carefully selected. Pattern 3 is
seen with severe degenerative or inflammatory arthropathy.
PD sufficed and anterior approach was never preferred.
Pattern 5 has not been described in literature. In 2 cases,
the disc adjacent to the fractured end plate herniated 3
months after the fracture pain had resolved. Authors hypoth-
esize that impairment of nutrition and stability both contrib-
uted to herniation and is a complication of OPF. Pattern 6was a
progressive lumbar kyphosis due to L3 and L4 collapse leading
to posterior element failure. Pattern 4 is persistent intra-
vertebral instability after vertebroplasty. The posterior os-
teo-ligamentous complex remained normal. Neurological
deficit occurred 6 weeks after vertebroplasty. In contrast
Pattern 2 was a combination of Pattern 1 with posterior
element injury.

Conclusion: Identifying radiological pattern helps un-
derstanding mechanism of injury and formulates a simplistic
surgical protocol that alleviates pain and helps neurological
recovery.

Deformity Cervical

GO076. The Pathoanatomy of Congenital Cervical Stenosis:
The Triangle Model
Harry Mai1, Tyler Jenkins1, Wellington Hsu1
1Department of Orthopaedic Surgery, Northwestern Feinberg School
of Medicine, Chicago, Illinois, United States

Introduction: Congenital cervical stenosis (CCS) de-
scribes a patient with a decreased spinal canal diameter at
multiple levels of the cervical spine in the absence of degen-
erative changes. Despite recognition of CCS throughout the
literature, the anatomical features that lead to this condition
have not been established. Knowledge of the pathoanatomy
behind CCS may lead to alterations in surgical technique for
this patient population that may improve outcomes.

Methods: From 1,000 cervical MRIs between January
2000 to Dec 2014, CCS was identified in 68 patients using a
strict definition of age less than 50 years with mid-sagittal
canal diameters (<10 mm) at multiple sub-axial cervical
levels (C3-C7). A total of 68 patients met the inclusion criteria
for this group. Fourteen controls with normal SCDs (>14mm)
at all cervical levels were used for comparison. Anatomic

measurements obtained at each level (C3-C7) included: coro-
nal vertebral body, AP vertebral body, pedicle width, pedicle
length, laminar length, AP lateral mass, posterior canal dis-
tance, lamina-pedicle angle and lamina-disc angle. Statistical
significance was defined as p < 0.01.

Results: CCS patients demonstrated significantly dif-
ferent anatomical measurements when compared with con-
trols. Significantly smaller lateral masses, lamina lengths,
lamina-pedicle angles and larger lamina-disc angles were
identified at levels C3-C7 in the CCS group (p < 0.01). These
anatomic components form a right triangle that illustrates the
cumulative narrowing effect on space for the spinal cord.

Conclusions: The pathoanatomy of CCS is associated
with a decrease in the lamina-pedicle angle and an increase in
the lamina-disc angle. These changes in the alignment of the
bony posterior elements lead to decrease in lamina length and
ultimately to a smaller cross sectional area for the spinal cord.
The global changes in CCS are best illustrated by this triangle
model and driven by the posterior elements of the cervical
spine.

GO077. Prospective Multicenter Assessment of Early
Complication Rates Associated with Adult Cervical
Deformity (ACD) Surgery in 78 Patients
Justin Smith1, Virginie Lafage2, Christopher Shaffrey1,
Themistocles Protopsaltis3, Peter Passias3, Frank Schwab2,
Michael O'Brien4, Munish Chandra Gupta5, Gregory Mundis6,
Robert Hart7, Han Jo Kim2, Eric Klineberg5, K. Daniel Riew8,
Christopher Ames9, International Spine Study Group10
1Department of Neurosurgery, University of Virginia Medical Center,
Charlottesville, Virginia, United States
2Department of Spine Research, Hospital for Special Surgery, New
York, New York, United States
3Department of Orthopedics, NYU Langone Medical Center's Hospital
for Joint Diseases, New York, New York, United States
4Department of Orthopedic Surgery, Baylor Scoliosis Center, Plano,
Texas, United States
5Department of Orthopedic Surgery, University of California, Davis,
Sacramento, California, United States
6San Diego Center for Spinal Disorders, La Jolla, California, United
States
7Department of Orthopedic Surgery, Oregon Health and Science
University, Portland, Oregon, United States
8Department of Orthopedic Surgery, Columbia University, New York,
New York, United States
9Department of Neurosurgery, University of California, San Francisco,
San Francisco, California, United States
10International Spine Study Group, Brighton, Colorado, United States

Introduction: Although adult cervical deformity (ACD)
can have profound impact, few reports have focused on the
treatment of these patients. We present early complication
rates associated with surgical treatment for ACD based on a
prospective multicenter cohort.

Material and Methods: Prospective multicenter data-
base of consecutive operative ACD patients was reviewed for
early (<30 days from surgery) complications. Enrollment
required at least one of the following: cervical kyphosis > 10°,
cervical scoliosis > 10°, C2–7 SVA > 4cm or chin-brown ver-
tical angle > 25°.

Results: 78 patients (59% women) underwent surgical
treatment for ACD and had a mean age of 60.7 years and
previous surgery in 52%. Surgical approaches included anteri-
or-only (A, 14%), posterior-only (P, 49%), anterior-posterior
(AP, 35%) and posterior-anterior-posterior (PAP, 3%). Mean
numbers of fused anterior and posterior vertebral levels
were 4.7 and 9.4, respectively. A total of 52 early complications
(Figure) were reported, including 26 minor and 26 major
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(Table) for an overall complication rate of 66.7%. 22 (28.2%)
patients had at least one minor complication, and 19 (24.4%)
had at least one major complication. Overall, 45 (57.7%)
patients had at least one complication. The most common
complications included dysphagia (11.5%), deep wound infec-
tion (6.4%), newC5motor deficit (6.4%) and respiratory failure
(5.1%). One mortality (1.3%) was reported. Overall early
complication rates were significantly different based on ap-
proach: A (27.3%), P (68.4%) and AP/PAP (79.3%) (p ¼ 0.007).

Conclusion: Among 78 patients treated for ACD and
prospectively followed, a total of 52 early complications were
reported (26 minor, 26 major). Overall, 45 (57.7%) patients
had at least one complication and 24.4% of patients had at least
one major complication. Significantly higher rates of compli-
cations were associated with combined and posterior-only
approaches compared with anterior-only approaches. These
findings may prove useful in treatment planning and patient
counseling.

GO078. Six Different Vertebral Artery Configurations,in
Three Subjects Commanding Different Approaches for C1-C2
Distraction and Fixation in Cases of CVJ Anomaly: A Case
Series
Mahendra Singh Chouhan1, Vidhi Prasad2, Gargey Sutaria2
1Department of Neurosciences, Shalby Superspeciality Hospital
Ahmedabad, Ahmedabad, Gujrat, India
2Department of Radiology, Shalby Superspeciality Hospital
Ahmedabad, Ahmedabad, Gujrat, India

Introduction: There are various choices to fix up
Atlanto-Axial dislocation (AAD) and Basilar invagination
(BI), it may be Posterior only, Anterior only or Combined.
Many surgeons refrain from “posterior only” approach of C1-
C2distraction (as described byAtul Goel and Lahiri) because of
the fear of Vertebral artery (VA) injury and it’s poorly under-
stood course between C1, C2, and Occipital condyles. We
describe details of preoperative work and subsequently
adopted, customized surgical plans, as per VA configuration
to distract & fix the C1-C2 joint to achieve reduction in AAD
and BI without harming the Vertebral artery. This case series
covers most of the variations of VA around C1-C2 for learning
purpose. After seeing this work up, many surgeons may allay
their anxieties and take up this single stage corrective mea-
sure to achieve correction of deformities in cases of AAD & BI.
In the due course author will also explain different variations
of Vertebral artery not only in different individuals, but also in
same subject on either sides. We describe the adaptive surgi-
cal methods taken based on these data to avoid injury to VA,
and still achieve a firm distraction and fixation at C1-C2 with
this single stage. The technique can thus be extrapolated in
various other cases of AAD and BI with hardly any exception.

Material and Methods: Three serial patients with an
established diagnosis of Atlanto-axial dislocation and Basilar
invagination are described. All three were evaluated with 3-D
MPR CTwith vertebral artery angiography (CTA-VA), and MRI
at Cervico-medullary junction (MRI-CMJ). The VA in one
subject was going through pedicle on one side and in another
subject, it was going around the C1-C2 facet joint, while in
another case it was entirely intra-spinal. The radiological
evaluation was done in both pre and post operative period
to describe anomalies of CVJ, different courses of VA and
vectors thus used for potential instrumentation. Postoperative
scans were used to see adequacy of fixation.

Results: There was a clear evidence of highly variable
course in VA of all three subjects. There were different courses
in right and left VAs as well, commanding different choices of
instrumentation on both sides in a single individual. All
patients achieved reduction of AAD & BI and there was no

injury to the vascular structure in question. They all improved
in clinical signs and symptoms in the due course.

Conclusion: Authors conclude that it’s mandatory to
subject all patients to CT angiography in an order to view the
Vertebral artery course wrt C1-C2 facets, which is not only
variable in different individuals but also, on both sides in same
individual, hence even in a single patient we may need
different instrumentation to achieve the same goal. The
authors also conclude that instrumentation at C1-C2 without
CTA-VA is not only dangerous but can be fatal as well, hence
instrumentation done without the above mentioned study
should be considered a mandatory practice in the safest
interest of patients and to achieve optimum and customized
instrumentation.

GO079. Berry’s Ligament and the Inferior Thyroid Artery as
Reliable Anatomical Landmarks For The Recurrent Laryngeal
Nerve (RLN) - A Fresh Cadaveric Study Relevant to the
Cervical Spine
Ali Rajabian1, Nasir Quraishi2
1Nottingham Spine Centre, Queen's Medical Centre, Nottingham
University Hospitals, Nottingham, United Kingdom
2Centre for Spinal Studies and Surgery, Nottingham, United Kingdom

Introduction While most cadaveric studies of the
Recurrent Laryngeal Nerve (RLN) have focused on course
variations as a suitable guide for Right versus Left RLN, they
have mostly been done on preserved (fixed) cadavers which
renders the RLN immobile. Our aim was to perform anterior
cervical exposures from C2 toT2/3with particular attention to
the course of the RLN on right and left sided exposures in fresh
cadaveric specimens. In addition, we aimed to expose the
entire course of the RLN. Finally, we wanted to show the
position of the RLN in relation to the trachea-oesophageal
groove, inferior thyroid artery and Berry’s ligament.

Methods: Eight fresh cadavers had extensive layer by
layer dissections performed by 2 surgeons (one of whom has
extensive experience as an anatomy demonstrator and dis-
sector). The RLNs were exposed in their entire length and
relationship to different landmarks recorded. Photographs
were taken at each stage of the exposure.

Results: In all specimens, wewere able to demonstrate
the entire course of both RLNs from origin to insertion. The
RLNs were consistently associated with the inferior thyroid
artery and Berry’s ligament bilaterally with the RLNs passing
at almost perpendicular to these structures.

Conclusion: The near horizontal direction of the
Berry’s Ligament in the cervical tissue planes exposed during
anterior cervical exposures enables the surgeon to reliably
identify the expected position of RLN at its medial end and
hence avoid it prior to visual observation of the nerve on
either side. We found that the most reliable anatomical
landmark bilaterally for the RLN was the inferior thyroid
artery and Berry’s ligament both of which would be encoun-
tered in anterior surgical exposure prior to the nerve itself.We
believe that this will help spinal surgeons refine their surgical
technique to identify this nerve where necessary and thus
reduce the incidence of iatrogenic injury.
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Figure 2
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GO080. Distraction Arthrodesis of the Atlantoaxial Facet
Joint with Preservation of the C2 Root for the Management
of Intractable Occipital Neuralgia Caused by C2 Root
Compression
Ho Sung Han1, Sung Shik Kang1, K. Daniel Riew2, Jemin Yi3, Gun
Woo Lee4, Arim Yeom1, Bong-Soon Chang5, Choon-Ki Lee5, Ho-
Joong Kim1, Jin S. Yeom1

1Department of Orthopaedic Surgery, Seoul National University
Bundang Hospital, Sungnam, Republic of Korea
2Department of Orthopaedic Surgery, Washington University in St.
Louis Hospital, St. Louis, Missouri, United States
3Department of Orthopaedic Surgery, Kangwon National University
Hospital, Chuncheon, Republic of Korea
4Department of Orthopaedic Surgery, Armed Forces Yangju Hospital,
Yangju, Republic of Korea
5Department of Orthopaedic Surgery, Seoul National University
Hospital, Seoul, Republic of Korea

Introduction: Vertical collapse of the C1-C2 facet joint
may cause narrowing of the C2 root foramen with root
compression, resulting in severe occipital neuralgia. The pur-
pose of this study was to evaluate the prospectively collected
outcomes data of a distraction arthrodesis surgical group
(Study group) in comparison to a Control group in a non-
randomized design.

Material and Methods: The Study group underwent
intraoperative skeletal traction, preservation of the C2 nerve
roots, facet joint distraction and insertion of a bone block and
cancellous bone into the joint along with posterior fusion, and
segmental screw fixation using posterior C1 arch screws
instead of lateral mass screws. The Control group had C2
root transection with C1-C2 segmental screw fixation and
arthrodesis. Inclusion criteria for both groups were (1) occipi-
tal neuralgia caused by C2 root compression confirmed by
clinical manifestation and imaging studies including radio-
graphs, CT scan, and MRI, (2) intractable pain (VAS�7) unre-
sponsive to nonoperative treatment, and (3) follow-up period
�12 months. We compared the preoperative and postopera-
tive 10-point VAS scores for occipital neuralgia and neck pain;
NDI; and JOA scores and recovery rates.

Results: Therewere 15 patients in the Study group and
8 in the Control group. All had facet joint destruction and/or
collapse caused byunderlyingdisorders including rheumatoid

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS74



arthritis (Study group: 5 ; Control group: 3), rheumatoid
arthritis with odontoid nonunion (2, 0), odontoid nonunion
(3, 1), unifacet spondylosis (3, 2), os odontoideum (2, 1), and
cerebral palsy (0, 1). There was no significant difference in age
(61 � 6, 62 � 9), gender (4 and 3 men, respectively), and the
number of cases with accompanying myelopathy (5, 2) be-
tween the 2 groups. The follow-up period averaged 21 � 12
versus 33 � 25 months, respectively. There was no significant
difference in the VAS score for the preoperative occipital
neuralgia (8.2 � 0.9, 7.9 � 0.6, p ¼ 0.39). However, it was
significantly lower in the Study group at 1, 3, 6, and 12months
postoperatively (p ¼ <0.01, respectively). At 12 months, the
VAS was 0.4 � 0.6 versus 2.5 � 2.6 (p ¼ 0.01). In the Study
group, all patients had little or no pain (VAS �2) while 2
patients (25%) in the Control group were still on medication
(Gabapentin) with moderate to severe pain (VAS 4 and 8
respectively). There was no significant difference in preoper-
ative and postoperative VAS scores for neck pain, NDI, and JOA
scores and recovery rate, since these values are minimally
influenced by occipital neuralgia.

Conclusion: Our results suggest that our novel tech-
nique of distraction arthrodesis can be an effective option for
the management of intractable occipital neuralgia caused by
C2 root compression. Prospective randomized studies are
required for better evaluation.

GO081. Cervical-thoracic Spine Inclination (CTSI): Anatomy
Peculiarities and Surgical Options
Alexander Mushkin1, Sergey Ryabykh2, Alexander Gubin2,
Sergey Kolesov3, Sergey Vissarionov4, Victor Snischuk5, Ulrikh
Eduard6
1Pediatric Surgery Clinic, Science-Reseach Institute of
Phthisiopulmonology, St. Petersburg, Russian Federation
2Division Axial of Skeletal Pathology and Neurosurgery, Russian
Ilizarov Scientific Centre “Restorative Traumatology and
Orthopaedics”, Kurgan, Russian Federation
3Department of Spinal Surgery, Central Institute of Traumatology and
Orthopedia, Moslow, Russian Federation
4Department of Spinal Pathology and Neurosurgery, Turener's Science
Research Children’s Orthopedic Instituite, St. Petersburg, Russian
Federation
5Department of Traumatology and Neurosurgery, Leningrad Region
Children’s Hospital, St. Petersburg, Russian Federation
6Pediatric Medicine Academy, St. Petersburg, Russian Federation

Introduction: The bayonet congenital abnormality of
cervical-thoracic spine was previously described as a rarest
clinical case under the title “congenital upper spine spondy-
lolisthesis ” (Tokgozoglu AM et all., 1994) or “congenital
dislocation of the cervical spine” (Shintaki M et all., 2013)
without detailed description of anatomy and principles of
surgical treatment. Our series include analysis of 10 CTSI cases
from 4 clinics.

Material and Methods: Clinical, X-ray, CT and MRI
peculiarities of 10 patients aged from 1 year 8 mns till 15
years were analyzed. The repeated cervical-thoracic abnor-
mality included antero-posterior and cranial-caudad shift of
the spine into the cervical spinal canal. All patients had arcs
dysplasia, but any case has a complete posterior segmental
defects, MMC or split spinal cord syndrome.

Results: According to Frankel scale the neurological
status was estimated as a type E in one patient, type D – in 4,
type C - in 4 and type B in one, incl. two paraparesis and 7
tetraparesis cases. Cranial spine was formed by 4 till 8 verte-
brae (max – 6 vertebrae in 5 cases). Abnormality was accom-
panied by Sprengel disease in 2, by neurofibromatosis type I in
one, by failure of segmentation (Klippel-Feil syndrome) in 5
and neural arc dysplasia in 10 cases. 9/10 patients were

operated. The operations included circular decompression of
spinal cord and posterior instrumentation; 8 operations were
done from posterior approach only, 1 - from anterior and
posterior approaches. Four procedures were done with Halo-
cast fixation to produce pre-surgical local spinal stability. The
post-op follow up floated from 7 month till 5 years. 6/9
patients demonstrated significant improvement in neurolog-
ical sighs (one or more steps in Frankel scale) ; the neurologi-
cal deterioration was occur in 2/9 cases, followed by a partial
recovery in one and complete in another.

Conclusion: Our 10 cases series demonstrates a ex-
tremely rare type of the cervical-thoracic spinal abnormality.
We the term “the cervical-thoracic spine inclination (CTSI)”
because it reminiscent the cranial-vertebral pathology known
as “the inclination of dens of C2 into foramen magnum.” From
our point of view the inclination is a combined type of
pathology which included an anterior-posterior and cranial
displacement of caudal spinal segment(s); this pathology
typical for transitional spinal zones and looks like spinal
segmental dysgenesis but differ due to the absence of circular
spinal column defect despite the combination of different
types of vertebral abnormalities. CTSI is a repeated spinal
syndromewhich has a high risk of neurological complications.
The spinal cord decompression and instrumentation are
mandatory for this abnormality; the surgery could be done
from the posterior approach only.

Imaging 1

GO082. Dedicated Spine Measurement Software Quantifies
Key Spino-Pelvic Parameters More Reliably Than Traditional
PACS
Munish Gupta1, Jensen K. Henry2, Frank Schwab2, Eric
Klineberg1, Justin Smith3, Jeffrey Gum4, Jr.David W. Polly5,
Barthélemy Liabaud2, Bassel Diebo2, D. Kojo Hamilton6, Robert
Eastlack7, Peter Passias2, Douglas Burton8, Themistocles
Protopsaltis2, Virginie Lafage2, International Spine Study
Group9
1Department of Orthopaedic Surgery, University of California, Davis,
Sacramento, California, United States
2NYU Hospital for Joint Diseases, New York, New York, United States
3Department of Neurosurgery, University of Virginia, Charlottesville,
Virginia, United States
4Norton Leatherman Spine Center, Louisville, Kentucky, United States
5Department of Orthopaedic Surgery, University of Minnesota Medical
Center, Minneapolis, Minnesota, United States
6Department of Neurological Surgery, University of PittsburghMedical
Center, Pittsburgh, Pennsylvania, United States
7Division of Orthopaedic Surgery, Scripps Clinic, La Jolla, California,
United States
8Department of Orthopaedic Surgery, University of Kansas Medical
Center, Kansas City, Kansas, United States
9International Spine Study Group, Brighton, Colorado, United States

Introduction: Accurate radiographic measurement of
sagittal alignment is essential for evaluating adult spinal
deformity (ASD) and pre-operative planning. However, the
limited capabilities of traditional picture archiving and com-
munication systems (PACS) often necessitate rudimentary
techniques and estimations of anatomic landmarks and an-
gles. Though dedicated spine measurement software (SMS)
has been studied and validated, there are no direct compar-
isons PACS to SMS.

Material and Methods: Eleven independent observers
(7 surgeons, 4 researchers) with varying levels of experience
digitally measured 20 primary and revision ASD patient
radiographs for pelvic incidence (PI), pelvic tilt (PT), lumbar
lordosis (LL), PI-LL mismatch, thoracic kyphosis (TK), and
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sagittal vertical axis (SVA) in 2 rounds. Round 1 used basic line
and angle tools in traditional PACS; Round 2 used the sagittal
alignment tool in a validated software dedicated to spine
measurement and operative planning. SMS automatically
calculates spino-pelvic parameters from 6 user-identified
anatomic landmarks, including outlines of femoral heads
and vertebral endplates. Results were analyzed for means,
standard deviations, coefficient of variation (CV), and intra-
class correlation (ICC).

Results: Mean values for PACS measurements were
significantly greater than SMS for PI, PT, PI-LL, and TK (all
P < 0.010), though differences were within previously de-
scribed margins of error. The standard deviations were also
significantly larger for the PACS measurements in all param-
eters (P < 0.012 for all) except TK. Excluding TK, the variation
in measurement was significantly greater for PACS (CV=14–
34%) versus SMS (CV=11–23%). The ICC values for all param-
eters were greater than 0.64, and when PI was excluded, all
were greater than 0.92. Inter-rater reliability was greater in
SMS compared with PACS for nearly all measurements: PI, PT,
PI-LL, LL, and SVA. For both SMS and PACS, the lowest ICC was
observed in PI, and the highest ICC was seen in SVA. The
parameters with the greatest differences in inter-rater reli-
ability between PACS and SMSwere PI (PACS ICC: 0.647 vs SMS
ICC: 0.810) and PI-LL (PACS ICC: 0.921 vs SMS ICC: 0.970). TK
had the most similar ICC values between PACS (0.955) and
SMS (0.945), and was the only parameter for which the PACS
ICC was greater than the SMS ICC. When only the surgeons’
measurements were considered, the differences between
PACS and SMS ICC were substantially greater. Among the
surgeons, SMS had higher ICC than PACS for all parameters
(ex. PI-LL: 0.957 vs 0.896). PI still had the lowest inter-rater
reliability (PACS ICC: 0.505 vs SMS ICC: 0.752) and SVA had the
highest (PACS ICC: 0.985 vs SMS ICC: 0.994).

Conclusion: SMS measurements provide significantly
more accurate and reliable measurements with less variation
than PACS. The greater reliability of SMS is amplified in
surgeon-only analyses, demonstrating the clinical utility of
SMS versus traditional PACS. Accurate interpretations of sag-
ittal alignment are critical because poor measurements may
lead to insufficient or overly aggressive operative plans, and
thus undesirable clinical results. Consistent use of SMS in the
clinical evaluation and operative planning of ASD patients
would be advantageous given the significant differences in
values, variance, and reliability between PACS and SMS.

GO083. Validity and Reliability of Spine Raster-stereography
in Adolescent Idiopathic Scoliosis Patients
Anne Tabard1, Alice Bonnefoy-Mazure1, Pierre Lascombes2,
Stéphane Armand1, Romain Dayer2
1Willy Taillard Laboratory of Kinesiology, Geneva University Hospitals
and Geneva University, Geneva, Switzerland
2Division of Peadiatric Orthopaedics, Geneva University Hospitals,
Faculty of Medicine, Geneva, Switzerland

Introduction: Previous studies have evaluated the va-
lidity and reliability of the Formetric-4D system. They con-
cluded to a good accuracy compared with radiographs and a
high intra- and inter-day reliability in healthy volunteer
patients. However, to the best of our knowledge, the validity
and reliability were not assessed on patients with Adolescent
Idiopathic Scoliosis (AIS). Therefore, the aim of this study was
to evaluate the validity and reliability of the Formetric 4D
systemonAIS adolescent patientswith Cobb between 10¡ and
40¡ in terms of sagittal, frontal and transverse parameters.

Materials and Methods: This study included 35 AIS
adolescents (male=13) aged 13.1 � 2.0 years. To evaluate the
validity of scoliosis angle (SA) provided by the Formetric-4D

System, a comparison was performed with the Cobb Angle of
major curve (CA) on a 2D EOS¨ radiography (XR). Mean
differences of measurements computed by each system
were evaluated using paired Student t-test and Pearson
correlation coefficient. To evaluate interrater reliability three
repeated-measurements were independently performed in a
neutral orthostatic position using the Formetric-4D System by
two operators the same day. To evaluate the intrarater reli-
ability three more repeated-measurements were performed
by thefirst operator oneweek later. The parametersmeasured
were vertebra surface rotation, thoracic kyphosis, lumbar
lordosis, pelvic obliquity, trunk length and the scoliosis angle.
The data analyses used were Intraclasse Correlation Coeffi-
cients (ICC).

Results: The 2D radiographic Cobb Angle (CA) and its
rasterstereographic equivalent Scoliosis Angle (SA) were
strongly correlated (R ¼ 0,70) with a non-significant differ-
ence. The ICC for intrarater (same day: ICC (1, 1), n ¼ 35, one
week later: ICC (1, 3), n ¼ 29) as interrater reliability coef-
ficients (ICC (3, 3), n ¼ 16) were excellent (ICC > 0.75) for all
variables except for pelvic obliquity with the highest for
sagittal and rotation parameters and lowest for the pelvis
obliquity.

Conclusion: This study showed that the Formetric 4D
system allows evaluating AIS patients with a good validity and
an overall excellent intra- and interrater reliability. Based on
these results, this automatic, fast and non-invasive systemwill
not replace XR clinical analysis but it can reduce the exposure
to radiation for the patients and can improve the monitoring
of scoliosis evolutionwith no limits of use, no risks for patients
and at lower price than XR.

Keywords: rasterstereography, formetric 4D, intra and
interrater reliability, adolescent idiopathic scoliosis

GO084. Anatomic Guideline for Approach to Lateral Thoraco-
Lumbar Interbody Fusion
Woojin Cho1
1Albert Einstein College of Medicine/Montefiore Medical Center, New
York, New York, United States

Summary: The decision making process for incision
location during the course of lateral thoraco-lumbar inter-
body fusion (LLIF) at 857 levels was evaluated retrospectively,
in an attempt to develop a clinically robust anatomic
guideline.

Introduction: Theminimally invasive technique of LLIF
has shown powerful segmental deformity correction, with
excellent fusion rates and minimal morbidity. However, in
certain settings, adequate lateral access to permit a proper
working angle into the disc space may be difficult to achieve.
The purpose of this investigation was to establish a clinically
robust anatomic guideline for incision location, with respect
to laterality and level.

Methods: The operative reports and plain films of the
thoraco-lumbar spine of 512 consecutive patients undergoing
LLIF at our institute between 2009 and 2011 by the mini-open
transpsoas method were reviewed.

Results: Distribution of operative levels is depicted in
Table 1.
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Table 1

T9–10 1

T10–11 2

T11–12 3

T12-L1 8

L1–2 80

L2–3 214

L3–4 286

L4–5 262

L5-S1 1

Total 857

Level of approach:T11–12 and above: transthoracic
approach.T12-L1: 10th intercostal space (retropleural/
retroperitoneal approach).L1–2: 11th intercostal space
(retropleural/retroperitoneal approach).L2–3: below 12th

rib (retroperitoneal approach).L3–4: midway between cos-
tal margin and iliac crest (retroperitoneal approach).L4–5:
above iliac crest (retroperitoneal approach).L5-S1: not rec-
ommended, even when accessible.

The primary determinant of laterality (side) of opera-
tive approach involving the L4–5 disk space was coronal
angulation of the L4–5 disk space, as depicted on 15° up-tilt
view. A secondary determinant of feasibility of accessing the
L4–5 disk space is a line drawn through the center of the L4
vertebra, parallel to the inferior end plate of L4. Extension of
this line cephalad to the ipsilateral iliac crest indicates that this
level will be surgically accessible. In the absence of segmental
coronal angulation, the symptomatic side was chosen. In the
setting of regional scoliosis, the concavity was the preferred
side of approach, as up to three levels can be reached through a
single small incision. There were no instances of approach
failure using the method outlined above.

Conclusion: A clinically robust and worthwhile ana-
tomic guideline to LLIF, with respect to level and laterality of
incision placement, is presented.

GO085. Measuring Cobb’s Angle in Scoliosis: Can
Smartphones Match Manual Methods and Software Based
Analysis? A Three Way Crossover Study
Pramod Sudarshan1, Aditya Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Apollo Hospitals, Chennai, Tamil Nadu, India

Introduction: Cobb’s angle in scoliosis has beenwidely
accepted to analyze the extent of deformities and can be used
as an indicator of the degree of correction obtained following a
corrective surgery. Measurement has traditionally been man-
ual using a pencil and protractor on radiographs. Smart-
phones have changed the way we live in every field of life.
Use of apps in smartphones with accelerometers aids to
measure the angle quickly. This study analyzes the accuracy
and efficiency of the inclinometer app in smartphones to
measure cobb’s angle in scoliosis.

Material and Methods: We analyzed cobb’s angle in
scoliotic patients who underwent robotic guided corrective
surgery at our center over the past 2 years. The Cobb angle
measure tool in the software used in robotic surgery (Renais-
sance, Mazor robotics) was used as the gold standard (GS) as it
was software based analysis. Clinometer app was used in the
smartphone by the primary observer over the computer
screen to measure the cobb angle and then manual method
was used. Time taken to measure using both the techniques

was noted by other observers. Another two observers then
independently measured the angle using their smartphones
to assess the interobserver variability. Data was tabulated and
analyzed by a biostatistician.

Results: Cobb angle of 25 patients with mean age of
14.1 years were analyzed for primary and secondary curves
separately. The mean Cobb angle of all measured X-rays was
48.9 degrees in the manual set and 47.9 degrees in the
smartphone set as compared with 48.2 degrees as per GS.
The mean time consumed was 13.5 seconds for the smart-
phone set, significantly shorter than that of the manual set
which was 36.2 seconds (statistically significant – p < 0.05).
95% confidence intervals for inter-observer variability using
smartphones were �1.5degrees.

Conclusion: Cobb anglemeasurement using the smart-
phones was more accurate than the manual methods in our
study. With significant time difference between the methods
indicating the simplicity of the use of apps in our daily use and
the minimal interobserver variability, smartphones indeed
can replace the manual methods and can be a reliable tool in
the hands of spinal deformity surgeons.

GO086. Case Series of First Trolley Gliding Vehicle Device
used in Patients with Early Onset Scoliosis as a Growth
Guiding System
Ahmed Aoude1, Leonardo Simoes2, Sultan Aldebeyan1, Jean
Ouellet3
1Department of Orthopedics, McGill University, Montreal, Canada
2Spine Fellow, McGill University, Montreal, Canada
3McGill University, Montreal, Canada

Introduction: Current surgical treatment modalities
available for the treatment of early onset scoliosis, either spine
based Duel Growing Rods, or rib based VEPTR construct,
require repetitive lengthening surgerieswith no apical control
of the deformity. The overall results of these techniques have
shown to provide some benefits. However they remain with a
high rate of complications, in part related to frequent repeti-
tive surgeries. A new gliding spinal anchor know as Trolley
Gliding Vehicle (TGV) and a new surgical technique has been
developed with the hope to address some of these short
coming. Here we present this innovative device and the
new surgical technique.

Material and Methods: Six patients with Early Onset
Scoliosis were treated with TGV by a single surgeon at three
institutions. The implant was made available via a special
access program from Health Canada, as the implant is only
available in Europe (CE mark). Patient perioperative data was
collected for all patients. Any intra-operative or immediate
post-operative complications were also documented.

Results: The average age of the patientswas 8.3 years of
age. The pre-operative diagnoses included congenital myopa-
thy, congenital idiopathic scoliosis, Padder Willi syndrome,
cerebral palsy, “cri du chat” syndrome, and idiopathic early
onset scoliosis. The average age of the patients at time of
surgery was 8.3 years of age (5–14 years old). The average
follow-up was 6 months. The average pre-operative Cobb
angle was 71.33 degrees with average correction at last follow
up equal to 29.66 degrees. No intra-operative complications
were noted. One patient required one revision surgery con-
sisting of adding TGV for fluctuating bursa over distal fixation
due to excessive motion.

Conclusion: We present early results of a new spinal
gliding implant in six patients. The Trolley Gliding Vehicle
showed good correction of spinal deformity with low short-
term complications rate. Results cannot provide any long term
conclusion. A prospective clinical study has been started in
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Europe and will be undertake in Canada once Health Canada
approves the implant.

GO087. Morphometric Study of Lumbar Vertebrae Pedicle
through Tomographic Exams of Outpatients from a Brazilian
University Hospital Center
Luiz Henrique Sandon1, Roger Schmidt Brock1, Manoel Jacobsen
Teixeira1
1Department of Neurosurgery, Hospital das Clinicas da Universidade
de Sao Paulo, Sao Paulo, Brazil

Introduction: The knowledge of the pedicle size in the
lumbar vertebrae is important for safe and effective placement
of screws in cases of instrumentation in this region. This
importance is even more relevant when it is about fixing
through a minimally invasive way. Most of the minimally
invasive techniques for lumbar spine instrumentation is de-
scribed recommending parameters for introduction of pedicle
screws (25mm) based on measurement of the pedicle length
in model populations (North American / European mostly). It
is our purpose in this work to establish the morphometric
parameters of the lumbar vertebrae pedicles in the Brazilian
population, which has no such parameters well studied yet.

Material and Methods: Cross-sectional study of 100
adult patients (between 26 and 90 years old), 50 males and 50
females (all without trauma, tumor, inflammatory / infectious
diseases or post-surgical condition) who underwent simple
tomography of the lumbar spine from January to December
2012 at the Institute of Radiology of the Hospital of São Paulo
in Brazil, 1000 pedicles of lumbar vertebrae were evaluated.
And Literature Review conducted by PUBMED by Keyword:
Lumbar Spine pedicles

Results:We describe for each lumbar level (L1 through
L5) two measure: (Measurements made for both sides (left /
right) of each pedicle): Measure A (length of the longitudinal
axis of the pedicle base to the intersection of 90 ° with the
imaginary line that goes from the anterior border of the spinal
foramen) / Measure B (length of the longest longitudinal axis
of the pedicle, the base to the junctionwith the anterior cortex
of the vertebral body, line tangential to the spinal foramen and
without crossing the midline). Measurements were obtained
by electronic measurement system in iSITE Radiology in the
axial plane of the major axis of each pedicle on CT scans
without contrast cut standard 0.5mm Based on this assess-
ment, we noticed that the average measure (to measure A) of
the pedicles in the studied population was 17,12mm to L1, L2
to 16,22mm, 15,40mm to L3, 14,83mm to L4, L5 to 14,64mm

Conclusion: Thus the measure advocated for introduc-
tion of pedicle screws in minimally invasive techniques is
appropriate for this population

Novel Technologies 2

GO088. PEEK Rods for Posterior Lumbar Fixation: Pros and
Cons: The First French Series
Thierry Desjardins1
1Department of Neurosurgery, Polyclinique Saint Jean, Cagnes sur
Mer, France

Introduction: The ideal lumbar spine fixation system
should provide sufficient stability while preserving natural
posturing and spinal alignment with limited risk of adjacent
level degeneration. While rigid fixation systems may contrib-
ute to stress shielding in anterior column increasing consecu-
tively adjacent segment degeneration, Polyetherethrketone
(PEEK) Rods provide amodulus of elasticity close to cancellous
bone that may decrease these risks. Biomechanical studies

comparing rigid fixation using titanium Rods with PEEK Rods
posterior systems have shown a comparable intervertebral
stability with the two systems nevertheless PEEKwas associ-
ated with a lower risk of screw mobilization in poor bone, an
increased anterior physiological load and a reduced stress on
bone-screw interface that may predict lower risk of adjacent
level degeneration. We performed a retrospective study in a
french cohort of patients who underwent posterior lumbar
fixation using PEEK Rods to investigate clinical indications and
clinical outcomes in real life settings.

Material and Methods: Between June 2011 and July
2014, 48 patients who underwent posterior lumbar fixation
using PEEK Rods were included in our study for retrospective
review. Surgery was performed using 5,5mm pre-bent PEEK
Rodswith Titaniummonoaxial screws for 1 to 4 level posterior
lumbar fixation with a maximum length of 160 mm. Clinical
outcomes were assessed using Oswestry Disability Index
(ODI), reoperation rate, complications, radiographs and MRI.
The patients satisfaction was also evaluated using the Patient
Satisfaction Index (PSI).

Results: The population included 28 males and 20
females with an average age of 61 years. The main indication
for surgery was spinal decompression with stabilization
(44,6%). A majority of patients (29/60,4%) presented surgical
antecedents including recurrent disc herniation, posterior
decompression, posterior fusion with instrumentation and
stabilization with interspinous devices. Patients underwent
surgery on one (18/37,5%) or multiple levels (30/62,5%).
Patients had surgery with anterior cages for fusion (PLIF),
posterior dynamic fixation or hybrid systems combining
fusion and non-fusion. The most frequent surgeries were
performed on L4L5S1 as hybrid systems. At 2 years follow-
up, the mean ODI score was improved by 29% (from 67% to
38%) and the mean PSI was 1,8 on a scale ranging from 1 to 4
(1: completely satisfied . 4: same or worse condition than
before surgery). There was no reoperation for 89,7% patients,
nomigration for 94,7%, no screw breakage for 84,2% (never for
one single level fixation) and no rod breakage. We reported
15% patients with post-operative adjacent level degeneration.
For 21% patients with pre-operative signs, the degeneration
was nomore observed on the lastMRI evaluation after 2 years.

Conclusion: PEEK Rods provide a safe and effective
system that can be either used as a fusion system promoting
anterior fusion with decreased risk of implant failure, as
dynamic system protecting adjacent levels, or as hybrid
system combining both advantages, with a stability compara-
ble toTitanium rods. Further studies on larger populations and
longer term follow-up are needed to confirm these data.

GO089. Informed Consent for Lumbar Fusion Aided by
Tablet-PC: A Prospective, Randomized, Controlled, and
Blinded Comparison
Philipp Schleicher1, Matti Scholz1, Frank Kandziora1
1Department of Spinal Srugery and Neurotraumatology, BG
Unfallklinik Frankfurt, Frankfurt, Germany

Introduction: With increasing work load and medico-
legal obligations for documentation, an increased efficiency of
recurrent tasks, like the informed consent of a surgical patient,
is essential. The better the preoperative knowledge about the
procedure, the higher the satisfaction will be. The complexity
of today’s surgical procedures is continuously increasing.
These procedures are therefore difficult to explain to the
patient during the informed consent process. Tablet-PCs are
a widespread medium, which make it possible to present
multimedia content at the point-of-care. So these devices are
ideal for aiding the explanation of complex procedures. The
aim of this study was to investigate, whether an informed
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consent aided by a multimedia app on the tablet-PC could
increase the process efficiency and if this app was able to
influence the patients’ satisfaction in spinal surgery.

Material and Methods: We conducted a prospective,
randomized, blinded pilot trial. Elective spine surgery pa-
tients, whichwere scheduled for either mono- or bisegmental
TPLIF surgery, were randomized to one of the two groups
“TABLET” (study group) or “PAPER” (control group). Patients
in the control group received a standard informed consent
process based on a conventional premanufactured paper form
(Thieme compliance, Thieme GmbH, Stuttgart) and an indi-
vidual interviewwith a spinal surgeon. In the TABLET group, a
special multimedia informed consent app (iSpine Operations;
AnatomateApps, Australia), was additionally demonstrated to
the patients. This included a computer animation of goals and
technique of the TLIF procedure as well as information on
therapeutic alternatives and possible complications. The fur-
ther consent process was identical to that of the control group
(paper form and interview). The interviewing surgeon was
blinded to the group allocation, to prevent an intentional
influence on the interview duration. Primary endpoint was
the duration of the interview (min). Secondary endpoints
were the number of questions, which remained after the
interview, patients’ satisfaction with the informed consent
process in total and with the interview itself.

Results: We could include 40 Patients (23 female, 17
male) with an average age of 62 (27–79) years in this study.
The median duration of the interview was 18 minutes (IQR
13–22 minute). The difference between the groups was
statistically significant: TABLET 15 (11–20) minutes, PAPER
20 (14–25) minutes, p ¼ 0,041 (Mann-Whitney-U). Patient
satisfaction with the informed consent process in total was
high (VAS: 9,75/10) and was nearly identical in both groups
PAPER (VAS: 9,75/10) and TABLET (9,75/10; p ¼ 0,9). The
satisfaction with the doctor's interview itself was 9.5/10 in
the PAPER group and 10/10 in the TABLET group (p ¼ 0,74).
The mean number of remaining questions was 3.1 in the
PAPER group and 1.4 in the TABLET group (p ¼ 0,16).

Conclusion: These data show, that by the aid of a special
animated app the efficiency of the informed consent process
for mono- and bisegmental TPLIF surgery can be enhanced,
even if the interviewing surgeon is blinded to the use of this
aid.

GO090. A Novel Quantitative Automated Measurement of
CSF Area for the Diagnosis of Lumbar Spinal Stenosis
Lin Pei-Ching1, Lin Jiann-Her1, Chiang Yung-Hsiao1, Wu Chao-
Cheng2
1Department of Neurosurgery, Taipei, Taiwan, Province of China
2Department of Electrical Engineering, National Taipei University of
Technology, Taipei, Taiwan, Province of China

Introduction: A grading system for LSS is needed to
allow precise communication between clinicians and for
assessment of treatment responses. At present, there are
two categories of grading systems- qualitative and quantita-
tive. However, there are always individual subjectivity of
radiologists in those qualitative classifications systems. The
quantitative classifications systems are time-consuming and
not relevant to clinical symptoms even with the same values
for DSCSA or DSAPD. Herein, we propose a novel quantitative
automated method to measure the cross-section area of the
CSF. This study is to introduce this novel quantitative auto-
matedmethod, evaluate its reliability, and compare it to other
two semiquantitative CSF-based classification systems.

Methods: All lumbar MRI studies were selected at
random. Each study included T1/T2-weighted axial and sagit-
tal images taken between April 2012 and July 2013. Two

practicing neurosurgeons with spine specialty participated
in this study and did the reviews of the grading for each disc
level. Each of two neurosurgeons independently measured
DSCSA (dural sac cross-sectional area, mm2) on T2-weighted
axial images manually. The final DSCSA were the average of
two results at each disc level of the lumbar spine. They also
graded each disc level according to the qualitative grading
system- the Lee’s and Schizas’ grading systems. The final
grading of each disc level of the lumbar spinewas determined
by the most consistent grade out of the four results obtained
from the two trials of twoneurosurgeons. CSF area of each disc
level (ACSFA) was calculated automatedly by the algorithmwe
developed. For each disc level, linear regressions were per-
formed between DSCSA and ACSFA, and ACSFA was catego-
rized based on the final grading of Lee’s and Schizas’ grades.

Results: Seventeen female and six male patients were
studied (mean age, 65.21 � 12.1years). The inter-reader
reliability of Lee’s and Schiza’s grading systems were “moder-
ate” and “good” (o.437 and 0.739), respectively. ACSFA was
correlated well with DSCSA linearly (r=.8988,p,.001)(Fig. 1).
Using one-way ANOVA, ACSFA was able to differentiate each
grade of Lee’s or Schizas’ systems (p < .0001 and p < .0001)
(Fig. 2 & 3).

Conclusion: This novel automated quantitative mea-
surement of CSF area can provide at least the some diagnostic
value for the diagnosis of LSS, and, at the same time, it avoids
the variability of the quantitative system between readers and
overcomes the disadvantages of the present qualitative system
(DSCSA). This method can serve as a useful diagnostic tool for
the clinicians.

GO091. Treatment of Osteoporotic Vertebral Fractures with
Elastoplasty: 1-year Results
Michael Eichler1
1Department of Neurosurgery, Herz Jesu Krankenhaus Fulda, Fulda,
Germany

Introduction: Vertebral compression fractures (VCF)
are an increasing problem. Common surgical treatments are
vertebroplasty and kyphoplasty. Both are mainly performed
with PMMA bone cement. Recently a new elastomer (VK100)
was developed as optional material for kyphoplasty instead of
PMMA. This study investigated the outcome and safety of
balloon kyphoplasty performed with the VK100 Vertebral
Augmentation System over a follow-up period of 12 months.

Material and Methods: The study includes patients
with osteoporotic fractures of one or two vertebrae. All
patients were treated with balloon kyphoplasty using
VK100 (Bonwrx, Lansing, Michigan, USA) instead of PMMA.
VK100 is a radio opaque, bone adherent, non-exotermic
elastomer, which is less stiff as PMMA and therefore more
comparable to the natural bone. VAS and ODI of all patients
was measured preoperative, postoperative, at 12 months.
Additional cement leakage and additional fractures were
documented.

Results: 82 patients were included in the study (age:
63.69 � 7.54). VAS improved significantly from preoperative
82.9 � 10 mm to postoperative 18.3 � 10.2 mm (p ¼ 0.0015)
and improved significantly from postoperative to 8.92 � 11.5
mm at the 12 months follow up (p ¼ 0.0163). ODI improved
significantly frompreoperative 72.92�14.6% topostoperative
47.08 � 16.35% (p ¼ 0.0015) and from postoperative to 20.15
� 7.56 at 12 months (p ¼ 0.0022). There were no complica-
tions due to leakage. Patients showed no additional fractures
within the follow up period.

Conclusion: VK100 showed good results in terms of
VAS and ODI improvement and occurrence of adverse events.
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VK100 is an alternative to PMMA bone cement augmentation.
Further studies are needed for longer implantation years.

GO092. Development and Implantation of an Individualized
3D Printed Titanium Cage for Cervical Fusion
Uwe Spetzger1
1Department of Neurosurgery, Klinikum Karlsruhe and Karlsruhe
Institute of Technology, Karlsruhe, Germany

Introduction: At present, all available cervical fusion
cages have standardized sizes and mimic the anatomy of the
intervertebral disc space more or less. Usually, the patient’s
anatomy is adapted during the surgery to the cage. Our idea
was to respect the individual patient’s anatomical situation
and manufacture an individual cage with a perfect fitting
accuracy. The production of individualized cages might be the
next step for further improvement of spinal implants due to
their perfect fit and improved load bearing surface.

Material and Methods: The computer-assisted plan-
ning, manufacturing, and implantation of the individualized
cervical cage was performed in close co-operation with 3D-
Systems Corporation, Rock Hill, SC 29730, USA and EIT Emerg-
ing Implant Technologies GmbH, Tuttlingen, Germany. A 3D
model of the patient´s cervical spine obtained from CT data
was rendered. This model is the basis for the exact simulation
of the operation. The newly developed 3D planning algo-
rithms and special reconstruction software implemented in a
high-end image-processing computer allow a virtual surgical
procedure. The correction of degenerative deformities by
repositioning of vertebrae and also the virtual resection of
osteophytes is possible. The cage implantation can be simu-
lated to check the accuracy of fit. These data are the basis for
the production of the cage. This custom-made cage is man-
ufactured of trabecular titanium by selective lasermelting (3D
printing procedure).

Results: The pilot project of thefirst implantation of an
individualized cervical cage ever resulted in a high accuracy of
fit of the implant. During surgery the cage ’found’ its correct
position after suspending disctraction due to its unique
endplate design. Furthermore, it was impossible to move
the cage in any direction. Thus, it can be assumed that the
individualized cervical implant provides excellent primary
fitting accuracy and stability.

Conclusion: Preconditions for the manufacturing of
individualized cervical fusion cages using specific patient
data are given. The implantation is uncomplicated. The im-
proved load-bearing surface will lower the rate of implant
dislocation and subsidence. The next essential steps will be to
improve the workflow of the surgical simulation and shorten
the time of the overall production process. Themanufacturing
of individualized cages at a reasonable price has to be figured
out by spine surgeons and the industry.

GO093. Magnetically Controlled Growing Rods for the
Management of Early-onset Scoliosis: Results and
Complications at 3-year Follow-up
Guido La Rosa1, Laura Ruzzini1, Leonardo Oggiano1
1Department of Surgery, Ortopedic Unit, Bambino Gesù Children's
Hospital, Palidoro, Rome, Italy

Introduction: A new method for the management of
early-onset scoliosis (EOS) has been recently introduced: it
consists of a magnetically controlled growing rod (MCGR) that
allows gradual outpatient distractions under control of an
external remote device. We present a series of 14 patients
with EOS managed with MCGR (Ellipse TM MAGEC System,
Irvine, CA).

Material and Methods: We implanted MCGR in 14
patients affected by EOS with various etiology. Scoliosis and
kyphosis angles, T1-T12 and T1-S1 length were evaluated
preoperatively, postoperatively, and at the last follow-up. A
visual analogue scale score was used to evaluate pain during
outpatient rod distraction procedures. The mean follow-up is
34 months. All patients attended distractions of the magnetic
rod through an external remote control every 3 months. The
mean predicted distraction was 3 mm at each lengthening
session.

Results: The mean Cobb angle value was 64.7 � 17.4
degrees (range, 45 to 100 degrees) preoperatively and 28.5 �
13.9 degrees (range, 15 to 59 degrees) at the latest follow-up.
The mean T1-S1 length value was 27.1 � 5.4 cm (range, 16 to
34.8 cm) preoperatively and 32.8� 4 cm (range, 26.5 to 39 cm)
at the latest follow-up. ThemeanT1-T12 length valuewas 16.2
� 2.7 cm (range, 10 to 19 cm) preoperatively and 20.6� 2.9 cm
(range, 15.5 to 23.5 cm) at the latest follow-up. The average
monthly T1-T12 height increase was 0.8 mm, whereas the
average monthly T1-S1 increase was 0.9 mm. Two patients
experienced a rod breakage and 1 patient had a pull-out of the
apical hooks. In cases of rod breakage, the magnetic rod was
removed and replaced. In case of pull-out, apical pedicle
screws have been positioned in substitution of hooks.

Conclusion: Although implant-related complications
could occur, as in all EOS growing rods procedures, MCGR
can be effectively used in patients with EOS. This spinal
instrumentation can overcome many of the complications
related with the traditional growing rods implants. In our
experience, rod breakage occurred only in patients with a
single magnetic rod instrumentation. First case was a patient
with a severe thoracic kyphosis. In effect, the management of
kyphosis with the MCRG is quite challenging. Moreover, a
marked kyphosis was also the cause of pull-out of the apical
hooks. Instead, in the second case of rod breakage, we
reported a failure of the internal magnet of the rod. In
conclusion, this procedure can be effectively used in outpa-
tient settings, minimizing surgical scarring, surgical site infec-
tion, and psychological distress due to multiple surgeries
needed in the traditional growing rods system, improving
quality of life, and saving health care costs.

Imaging 2

GO094. Indications for Use of Dynamic Four-dimensional
Computed Tomography in Diagnosing Instability in Spinal
Cervical Conditions
Kai Zheong Lim1, John M. Troupis2, Christopher Daly3, David
Oehme4, Tony Goldschlager4
1Department of Neurosurgery, Monash Medical Centre, Clayton,
Australia
2Department of Diagnostic Imaging, Monash Cardiovascular Research
Centre, Monash Health, Monash University, Clayton, Australia
3Hudson Institute of Medical Research, Clayton, Australia
4Department of Surgery, Monash University, Department of
Neurosurgery, Monash Medical Centre, Clayton, Australia

Introduction: Cervical spinal instability is a pathologi-
cal consequence of a variety of spine disorders such as trauma,
malignancy and degenerative conditions. If left undiagnosed,
cervical spinal instability can lead to compressive cervical
myelopathy and devastating consequences such as quadriple-
gia and death. Although dynamic cervical X-ray is traditionally
used to detect cervical instability, it provides only two static
views and there is no gold standard in diagnosing such
condition. Dynamic four-dimensional computed tomography
(4DCT) is a non-invasive method that provides functional
assessment of cervical motion in high resolution, throughout
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the entire range of motion. It has been previously shown to be
clinically useful in assessing instability and impingement
evaluation of the shoulder and finger joint. This is the first
early case series utilizing dynamic 4DCT to assess cervical
instability in various spinal pathologies.

Material and Methods: Six elderly patients who pre-
sented with neck pain and suspected instability in cervical
spine from a major Australian academic hospital were includ-
ed. In addition to routine imagingmodalities, dynamic 4DCTof
cervical spine was performed using a 320 � 0.5mm detector
multislice-CT (Aquilion One, Toshiba Medical Systems, Japan)
with consent. With gantry rotation speed of 275milliseconds,
scans were conducted without table motion with patients in
the lateral-decubitus position, capturing approximately seven
volume datasets per second. Patients were instructed to
continuously move their necks between flexion and exten-
sion. Cine movie files were generated from the volume
datasets.

Results: The mean age of the cohort was 69 years old.
There was equal male:female ratio. All patients presented
with neck pain. Two presented acutely after trauma: one with
suspected ligamentous instability at C1/C2; the second pre-
sented after recurrent falls with suspected fracture of odon-
toid process. Four patients had neck pain of more than 6
months at presentation: one had severe rheumatoid arthritis
with suspected C1/C2 instability; three patients had cervical
spondylotic changes, with one having had a previous anterior
cervical discectomy and fusion(ACDF). Before employing
4DCT, MRI and static CT of occipito-cervical regions were
performed in five patients; dynamic X-ray of cervical spine at
flexion and extension were performed in four patients. Inter-
pretation of the imaging finding in all cases by neuroradiolo-
gist and neurosurgeon was found to be equivocal for stability.
Dynamic 4DCT confidently ruled in or ruled out cervical spinal
instability in all cases: one case was confirmed to have
instability; five cases were confirmed to be stable. The one
unstable case with severe cervical spondylosis was demon-
strated on 4DCT to have instability at C3/C4 level and incom-
plete fusion from previous ACDF at C5/C6 level and a cervical
stabilization procedure was offered. The remaining stable
cases included all the trauma cases with a case of os odontoi-
deum diagnosed on 4DCT. Conservative management was
prescribed confidently

Conclusion: Dynamic 4DCT can be used to detect and
confirm subtle cervical spinal instability (or lack thereof) with
relative ease in various cervical spinal pathologies such as
rheumatoid arthritis, cervical spondylosis, os odontoideum
and trauma.We propose that dynamic 4DCT has an important
role in detecting cervical spinal stability and further studies
using this technique are warranted.

GO095. Pendulum Rule versus Spinopelvic Parameters How
the Explain the Sagittal Shape of the Spine?
Gilles Norotte1
1Department of Spinal Surgery-Orthopedy and Traumatology, GAP,
France

Introduction:Usually, the analysis of the spinal sagittal
shape is based on a vertebral semantic, focusing on the curves
(lordosis, kyphosis) and the spinopelvic parameters (pelvic
incidence, sacral slope, pelvic tilt, sagittal balance). This
analysis failed in defining a normal shaped spine, and in
relating strictly the incidence to the lordosis. The author
proposes a very different analysis of the sagittal spinal shape,
named “ the Pendulum Law.” It enables to define an ideal
biomechanical shaped spine and classify the sagittal shape
precisely.

Material and Methods: 300 sagittal shapes have been
studied. Avertical analysis (according to gravity) is performed,
reintegrating the spine into an analysis of themuscular body’s
scheme and relating it to the respiration. The biomechanical
spine is assimilated to three intricatedMongol bows. Different
apex (contact between the vertebral body and the plumb line)
are defined. They are related to muscular tension lines or
attaches. The lungs apex are paramount to explain the spine.
The trunk is always swaying but lungs pressure (when breath-
ing in) stabilizes it either in an anteroposterior plan or in the
sagittal plane. The repartition of the apex has been assessed in
all the spine drawing specific lines.

Results: More than 95% of the studied spine abide by
the “Pendulum law”which states that: “whatever the spine is
(including the commonvariation or abnormalities), the stand-
ing position consists in placing the Superior Lung apex
according to the following rules: In the anteroposterior
view: the plumb line equidistant from the lung apex is
maintained above the sacral apex. In the sagittal view: the
plumb line from the superior lung apex is equidistant of the
thoracic apex and the lumbar apex. The two Pelvico-thoracic
lines (the line linking the sacrum apex to the antero-inferior
lung apex and the line linking the center of the femoral head to
the postero-inferior lung apex) cross each other in the point
“E,” exactly above the plumb line dropping from the superior
lung apex and in front of the lumbar apex. Therefore, the
Pendulum Law relates the sagittal shape to the gravity, the
muscular body’s scheme and the breathing. An ideal bio-
mechanical sagittal shape lines up the thoracic apex and the
sacral apex vertically. The alignment of the symphysis, the
lumbar apex and the thoracic apex cross the vertebral bodies
obliquely and harmoniously. The lumbar apex (in front of the
upper plate of L4) is placed above the center of the femoral
head.

Conclusion: The Pendulum Law relates the sagittal
shape to gravity, the muscular body’s scheme and respiration.
Most of the commons Abnormalities are integrated according
to this rule. The Pendulum is the “vertical tension” of the
body’s scheme that enables us to move harmoniously. (As the
length of the femur is strictly related to the ideal flexion/
extension of the Knee). Lordosis is related to pneumatic
stabilization of the trunk and definitively not to the pelvic
incidence.

GO096. An imaging Study of Partiallythreaded Screw
Fixation of C2 Pedicle Fracture
Qing Wang1, Shuang Xu1, Gaoju Wang1
1The Afliated Hospital of Luzhou Medical College, Luzhou, China

Introduction: The purpose of this study was to observe
the imaging features of partiallythreaded screw fixation using
in various kinds of C2 pedicel fracture.

Material and Methods: CT image materials of 160
Chinese Han patients who suffered from atlantoaxial injury
without vertebral body and pedicle fracture of C2 was includ-
ed in this study,including 120 males and 40 females.Pedical
trajectory selected according to Ebraheim method in three
dimensional CT reconstruction was analyzed in ADW 4.4
workstation.The posterior wall fracture of C2 vertebral
body,isthmus fracture and fractures under C2 laminar were
simulated according to clinical observation.The trajectory
length(partially threaded screw length)from entry point to
anterior cortical bone of C2,bolt shank length fromentry point
to fracture line simulated and fillet of screw length from
fracture line to anterior cortical bone of C2 were measured.
Relations between height gender and partiallythreaded screw
length bolt shank and fillet of screw length was evaluated.
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Results:Maleheight was 167.0� 7.9cmon average and
female was 156.0 � 6.6 cm.The length of partiallythreaded
screw was 29 mm in male and 25 mm in female on average.
Height and gender was positively correlated with partially-
threaded screw length.In posterior wall fracture of C2 verte-
bral body,length of bolt shank was an average of 17 mm in
male and 15mm in female,while fillet of screw length was 12
mm in male and 10 mm in female.The mean length of bolt
shank was 14mm in male and l 3 mm in female.while mean
fillet of screw lengthwas 15mm inmale and 12mm in female
in isthmus fracture.In fractures under C2 laminar,length of
bolt shankwas 10mm inmale and 9mm in female on average.
while mean fillet of screw length was 18 mm in male and
15mm in female.

Conclusion:The length of partiallythreaded screw used
in posterior axial pedicle fracturemay have a close correlation
to length and height.The length of bolt shank and fillet of
screw was different aecording to the position of the fracture.

GO097. Image of Slack Spinal Cord
Masaru Fujita1
1Department of Orthopaedics Surgery, JCHO Uwajima Hospital,
Uwajima, Japan

Introduction: In general, the spinal cord was con-
stricted at the level of spinal canal stenosis. Rarely, spinal
cord curved above the level of stenosis like the slack rope.
There was no report about this image we called slack spinal
cord.

Material and Methods: Slack spinal cord was shown in
7 patients. The average age was 70 years old. Multiple spinal
canal stenosis were shown at the junction of thoracolumbar
spine. The level of the most cranial stenosis was L1/2; 4
patients and Th12/L1; 3 patient. 5 patients of them presented
a symptom of lumbar spinal canal stenosis. 2 patients pre-
sented myelopathy.

Results: Laminectomy was performed for them. Slack
spinal cordwas improved after operation. The reasons of slack
spinal cord were considered as moving the spinal cord to the
cranial side or compressed by redundant spinal nerve roots.
The denticulate ligaments are fibrous spinal structures that
are generally believed to stabilize the spinal cord within the
vertebral canal. In anatomical study, the structures of these
ligaments were different in the spinal level. At the lower
thoracic level, the denticulate ligament is thin and long
band. Furthermore, the strength of this ligament is decreased
at the lower spinal levels. Considering these anatomical
characteristics and slack spinal cord is shown commonly at
the caudal site of spinal cord, we guess the conus medullaris
move to cranial side like redundant nerve root.

Conclusion: Slack spinal cord is rarely observed as the
secondary change with spinal canal stenosis.

GO098. Validity of CT Scan Measurements of Thoracic and
Lumbar Pedicle Dimensions
Thomas Apostolou1, Ioanna Chatziprodromidou2, Ioannis
Magras3, Nikos Foroglou3
1Department of Physiotherapy, School of Health Sciences, Alexander
Technological Institute of Thessaloniki, Thessaloniki, Greece
2Department of Public Health, Medical School, University of Patras,
Patras, Greece
3Neurosurgical Department of AHEPA University Clinic, Medical
School, Aristotle University of Thessaloniki, Thessaloniki, Greece

Introduction: The transverse and sagittal inner and
outer pedicle diameter of thoracic and lumbar vertebrae were
measured with an electronic caliper and with CT scan. To

determine the validity of CT scan measurements, comparing
with those taken by an electronic caliper.

Material and Methods: A total of 12 anatomic skeletal
specimenswere acquired fromT1 to L5 in themean age of 69.6
years. Each vertebral pediclewasmeasuredwith an electronic
caliper and CT scan. A total of 1632 measurements of 408
pedicles were taken. The data were collected and analyzed
using the t-test. The comparison of the measurements be-
tween left and right pedicle, males and females, as well as
between electronic caliper and CT scan was evaluated.

Results: The sagittal diameter of the pediclewas always
bigger than 7mm. In the mid-thoracic area (T3-T8), the trans-
verse outer diameter could be less than 4mm, so there is need
of use of pediatric screws (<4mm). In the opposite, caudally of
T11, the transverse outer diameter was at least 7mm.

Conclusion: Significant statistically difference was
found between the two genders, while pedicles from male
spines were bigger. Additionally, the CT scanwas proved to be
precise and valid for the measurement of the transverse outer
diameter of the pedicle. For this reason, this method becomes
valuable for the preoperative evaluation of the pedicle dimen-
sion, especially in scoliosis surgery, helping the surgeon to
choose the appropriate size of the screws.

GO099. InterspinousMotionAssessment inAnterior Cervical
Discectomy and Fusion: Anterior Plate versus Zero Profile
Implant
Vicente Ballesteros1, Aleksandar Munjin1, Javier Lecaros1, Juán
José Zamorano1, Miguel Angel Lecaros1, Cristián Larraín1
1Department of Orthopaedic Surgery, Hospital del Trabajador,
Santiago, Chile

Introduction:Anterior cervical discectomyand fusion’s
(ACDF) reported pseudarthrosis rate rises up to 20% for single-
level and 50% for multi-level procedures. Interspinous motion
based on functional cervical spine X-rays analysis has been
proposed as tool for assessing spine fusion. Previous studies
comparing this assessment with direct intra operative visual-
ization during ACDF revision surgery in patients treated with
an anterior plate report that an interspinous motion of less
than 1mmcorrelateswith complete fusion. To our knowledge,
there is no literature regarding this assessment in patients
undergoing an ACDF using zero profile implants. The purpose
of this study is to compare interspinous motion in patients
treated with an ACDF using zero profile implants to those
operated with an anterior plate, after complete spinal fusion
confirmation with a computed tomography (CT).

Material and Methods: Cross-sectional study of 22
patients with a CT-confirmed spinal fusion after ACDF. Twelve
patients (16 levels) were treated with an anterior plate, while
a zero profile implant was used in the remaining ten patients
(17 levels). Interspinous motion at the instrumented levels
was evaluated in functional cervical spine X-rays for both
groups, stratified by fused level (Student’s t-test, ANOVA, Stata
12). Motion values were obtained independently by a radiol-
ogist and an orthopedic surgeon, following Song’s guidelines
(Song et al. J Bone Joint Surg Am 2014;96:557–63).

Results: Patients treated with an anterior plate had an
interspinousmotion of less than 1mm,while those patients in
which a zero profile implant was used presented a statistically
significant greater motion at the fused level (p ¼ 0.0082). The
instrumented level did not affect interspinous motion
(p > 0.05).

Conclusion: Patients treatedwith an anterior plate had
an interspinous motion of less than 1 mm, while those
patients in which a zero profile implant was used presented
a statistically significant greater motion at the fused level
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(p ¼ 0.0082). The instrumented level did not affect interspi-
nous motion (p > 0.05).

Minimally Invasive Spine Surgery 1

GO100. Chronic Painful Osteoporotic Vertebral Compression
Fractures (OVCFs) of Thoracolumbar Spine: Percutaneous
Vertebroplasty versus Conservative Management among
Egyptian Patients
Khaled Hasan1, Mohammad El-Sharkawi1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt

Introduction: Vertebral augmentation procedures are
widely used today in treatingOsteoporotic vertebral compres-
sion fractures (OVCFs) especially in acute and subacute frac-
tures. However, percutaneous vertebroplasty for patientswith
chronic painful OVCFs has been less well studied. The purpose
of this study is to compare the efficacy and safety of percuta-
neous vertebroplasty with conservative management for the
treatment of chronic painful OVCFs in the thoracolumbar
spine among Egyptian patients.

Patients and Methods: This prospective cohort study
included 60 patients with chronic OVCFs (38 females, 22
males, mean age: 65.42 � 8.63) who presented with severe
back pain to the outpatient clinic during the period from
October 2005 to December 2011. Twenty-eight patients were
treated with percutaneous vertebroplasty (vertebroplasty
group). Thirty two patients refused surgical treatment and
constituted the control group (Conservative group). The in-
clusion criteria included: Chronic painful OVCFs (at least 3
months), at least 50 years old, T5 to L5, osteoporosis (T-score
-2.5 or lower), Visual Analogue Scale (VAS) at least 5, and
absence of neurological deficits. At presentation, all patients of
both groups received back brace, analgesics, anti-osteoporosis
therapy. All patients were evaluated with X-rays and CT scan,
where Cobb angle and the anteroposterior height comparison
(APHC) were measured. Overall pain and quality of life were
assessed with the Visual Analogue Scale (VAS) and Oswestry
Disability Index (ODI).

Results: All patients were followed for at least 12
months (range, 12 to 28). Statistical analysis of the demo-
graphic data of the two groups could not reveal any significant
differences. At latest follow up, therewas significant improve-
ment in Cobb angle and APHC in vertebroplasty group com-
pared with conservative group (p < 0.05). Twenty nine
patients (90.63%) showed complete union in the conservative
groupwhile all patients (100%) showed complete union in the
vertebroplasty group at latest follow up. VAS and ODI were
significantly better in vertebroplasty group than conservative
group (p < 0.05) at latest followup. Cement extravasation into
the disc occurred in 2 patients (5.41%), and into the para-
vertebral tissue in 3 (8.11%); none was associated with
neurological symptoms, cement embolism, or infection. Re-
cent fracture occurred adjacent to the formerly cemented ones
in 2 patients (7.14%) and in non-adjacent level in one (3.57%).
In conservative group, 3 patients (9.37%) presented with new
osteoporotic vertebral fractures in adjacent levels and 2
(6.25%) in non adjacent levels. Three patients (9.37%) showed
non union.

Conclusion: Percutaneous vertebroplasty is safe and
effective in treatment of symptomatic chronic osteoporotic
vertebral compression fractures with significantly better clin-
ical and radiological outcomes when compared with conser-
vative management.

GO101. Does Level of Response to SI Joint Block Predict
Response to SI Joint Fusion?
DavidW. Polly1, Daniel Cher2, Peter Whang3, Clay Frank4, Harry
Lockstadt5, Charles Harvey6, Jonathan Sembrano1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
2SI-Bone, Inc., San Jose, California, United States
3Department of Orthopaedics and Rehabilitation, Yale University, New
Haven, Connecticut, United States
4Integrated Spine Care, Milwaukee, Wisconsin, United States
5Bluegrass Orthopaedics, Lexington, Kentucky, United States
6Riverside Healthcare, Kankakee, Illinois, United States

Introduction: The threshold percent pain relief re-
quired to diagnose sacroiliac joint (SIJ) dysfunction during a
diagnostic SIJ block (SIJB) is not known. Although there is no
gold standard, one reference standard is response to definitive
treatment.

Methods: Subgroup analysis of 320 subjects in two
prospective trials of SIJ fusion: INSITE (NCT01681004) a
randomized trial versus nonsurgical management (NSM)
and SIFI (NCT01640353), a singlearm study. All participants
were diagnosed with SIJ dysfunction via history (buttocks/leg
pain and a positive Fortin finger test), at least 3 positive
provocative physical examination signs, and a standardized
diagnostic SIJB using fluoroscopically guided injection of local
anesthetics in the target joint with a reduction of at least 50%
in pain at 30 or 60 minutes after SIJB. The degree of improve-
ment in VAS SIJ pain and Oswestry Disability Index (ODI)
scores, expressed as absolute or percentage improvement
frombaseline, was correlatedwith the average acute improve-
ment in SIJ pain during the SIJB, calculated as per Cohen et al.

Results: The average pain reduction during the first
hour after SIJB was 79.3%. Pain reduction during block was
unrelated to standard demographic predictors. Six months
after SIJ fusion, themeanVAS SIJ pain reductionwas 50.9 (28.6)
points and the mean ODI reduction was 24.6 (20.5) points. SIJ
pain and ODI reductions at 12 months in the SIJ fusion group
were 50.8 (29.2) and 25.8 (20.5) points, respectively. Therewas
little correlation in 6 or 12month improvements in SIJ pain or
ODI with average reduction in pain during SIJB. In the SIJF
group, the proportion of subjects achieving meaningful reduc-
tions in SIJ pain and ODI scores did not vary by average
response during SIJB (p ¼ 0.8407 and 0.3069, respectively
for 6 month changes, and p ¼ 0.6368 and 0.5913). Similarly,
response during SIJB did not predict the proportion of patients
with followup pain scores < 30 or ODI < 20.

Conclusions. In this study of > 300 patients with care-
fully diagnosed with SIJ dysfunction, the degree of improve-
ment in acute pain during an SIJB did not predict 6month
improvements in VAS SIJ pain or ODI score. Based on our study,
a 50% acute pain reduction threshold during SIJB was resulted
in excellent postsurgical results. The use of overly stringent
selection criteria for determining which patients should un-
dergo SIJFmay serve towithhold a beneficial procedure from a
substantial number of patients with SIJ dysfunction.

GO102. Treatment of Thoracolumbar Osteoporotic Vertebral
Compression Fractures with Vertebral Body Stenting: A
Prospective Study
Abdulrazzaq Alobaid1, Eslam Shehata1, Abdulaziz Almutair1
1Alrazi Orthopedic Hospital, Kuwait, Kuwait

Introduction: Balloon kyphoplasty is a procedure to
stabilize osteoporotic and/or cancer related VCFs. However,
there is a technique inherent problem with the amount of
reduction; when filling the balloons, an acceptable reduction
is achieved . However, the resulting final reduction after
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cementing is ~25% lower due to the partial collapse after
balloons deflation. To avoid loss of reduction, a newer tech-
nique has been introduced, based on the principles of balloon
kyphoplasty and vascular stenting.

Methods: A prospective cohort study of clinical and
radiographic results after vertebral body stenting(VBS) for
treatment of vertebral compression fractures(VCFs). To evalu-
ate effectiveness of VBS as a new technique to treat symptom-
atic VCFs. A total of 33 patients with 52 symptomatic VCFs
were enrolled in a prospective study of VBS. Clinical outcomes
were measured pre- and postoperatively using the visual
analogue scale (VAS), Oswestry Disability Index (ODI) and
ambulatory status (AS). All outcomeswere assessed before the
procedure, and at 1, 12, 24, and 36 weeks after the procedure .

Results: The median VAS scores went from 10.0 pre-
operatively to 1.0 at last follow-up. The pre-operative ODI
score was 80 preoperatively, improved to 18 at last follow up.
The ability to move independently and ease of ambulation
significantly improved after the procedure (P 0.001). The
median kyphosis angle was 15.0 degrees preoperatively and
decreased by a median of 4.5 degrees postoperatively .

Conclusions: Patients with symptomatic VCFs had
significant improvements in back pain, function, and quality
of life following VBS. The results of percutaneous vertebral
body stenting in osteoporotic fractures may encourage sur-
geons in future to widen the indications and use these
techniques to successfully restore anterior column in trau-
matic non-osteoporotic fractures in conjunction with poste-
rior instrumentation.

GO103. Combined Endovascular and Surgical Treatment of
Spinal Dural Arteriovenous Fistulas
Miroslav Vukic1, David Ozretic2, Marko Rados2, Sergej
Marasanov1, Marjan Rozankovic1
1Department of Neurosurgery, Clinical Medical Centre Zagreb, Zagreb,
Croatia
2Department of Radiology and Interventional Radiology, Clinical
Medical Centre Zagreb, Zagreb, Croatia

Introduction: Type I spinal dural arteriovenous fistulas
(SDAVFs) are the most common form of spinal vascular
malformations. Even so, they are rare and still underdiag-
nosed. They are low-flow vascular shunts fed by radicular
arteries in patients who most often present with myelopathy.
Left untreated, they can lead to progressive neurological
decline and considerate morbidity. We present our experi-
ences and results in combined endovascular and surgical
treatment of such lesions.

Material and Methods: We conducted a retrospective
review of data from 14 adult patients with the diagnosis of
SDAVFs who underwent treatment at University Hospital
Center Rebro Zagreb between January 2012 and June 2014.
We compared complication rates, recurrence rates anddata on
clinical and imaging follow up in these patients.

Results: 12 out of 14 patients underwent endovascular
embolization (Onyx was used in 1 patients and NBCA in 11
patients) as the first line therapy. Two patients underwent
surgical ligation as initial therapeutic modality. Patients in
both groups showed significant improvement in clinical status
after treatment (using the Aminoff-Logue Scale score). One
patient in endovascular group developed spinal infarction due
to accidental embolization of posterior spinal artery. Six
patients in embolization group had recurrence of fistula
during the course of follow up requiring surgical ligation.
Two patients in surgical group had recurrence of fistula during
the course of follow- up and were reoperated.

Conclusion: Despite most fistulas are amenable to
endovascular embolization, microsurgical obliteration is the

treatment of choice in specific anatomic situations and usually
the only solution in recurrent cases. A combined approach
offers the best results after careful selection of patients based
on imaging.

GO104. “Capac Ñan” Stairway Fashion Hemilaminectomy: A
New Minimally Invasive Multilevel Option to Treatment of
Cervical Stenosis. A Study with 24 Months of Follow-Up
Carlos Fernando Arias Pesantez1
1Department of Spinal Surgery, Del Rio University Hospital, Cuenca,
Ecuador

Introduction: There are many options to decompress
the cervical spine on posterior way in multilevel disease,
however the muscular injury and instrumentation is a big
problem in traditional surgery, the minimally invasive proce-
dures can achieve optimal decompression without muscle
injury, preserving the posterior ligamentous tension band
with less pain, bleeding and hospitalization, providing im-
provement in short time.

Materials And Methods: We present an study with 15
patients with symptoms of multilevel cervical stenosis and
MRI showsmultilevel stenosis too, All the patients underwent
minimally invasive uniportal multilevel decompression. We
use VAS, Neck Disability index and Nurick clinical scale with
followupof 24months.Wemade POP early (2weeks)MRI and
dynamics rx.

Results: The Vas preopwas mean 9 and 2 on 24monts.
Neck Disability index was 20 preop and 10 POP 24 months.
The Nurick clinical scale shows improvement of one time line.
The surgical time was mean 22 minute(mean) each level,
blood lose 11cc (mean) each level, hospital discharge on 23
hours after surgery and return to daily activitiesmean 10 days.

Conclusions: The “Capac Ñan” starway fashion mini-
mally invasive hemilaminectomy procedure can be safe and
efective to decompress a cervical spinal cord on multilevel
disease without instability, muscular injury and let a better
time to recovery and return to daily activities. We need more
experience to make a final conclusions.

GO105. Vertebroplasty Injections Using High Viscosity
Cement: a Cadaveric Study
Waleed Awwad1, Amna Baljoun1, Yasir Alabdulkarim1, Chung-
Hwan Kim2, Demitri Giannitsios3, Lorne Beckman3, Jean
Ouellet4, Thomas Steffen3
1Department of Orthopaedic Surgery, King Saud University, Riyadh,
Saudi Arabia
2Department of Orthopaedic Surgery, Gangneung Asan Hospital,
University of Ulsan College of Medicine, Gangneung, Republic of Korea
3Orthopaedic Research Laboratory, McGill University, Montreal,
Canada
4McGill Scoliosis and Spinal Research Chair, McGill University, McGill
University Health Centre, Montreal, Canada

Introduction: Vertebral compression fracture (VCF) is a
unique type of fractures involving the body of vertebrae. It is
associated with a significant decline in functionality and poor
quality of life. Osteoporosis, or decreased bone density, is one
of the leading causes of VCF. It is commonly seen amongst
elderly, especially in post-menopausalwomen. Vertebroplasty
(VP) is a minimally invasive percutaneous technique that
involves injecting cement into a pathologic vertebral body,
with the aim of pain relief and deformity correction. It is
considered the best next line of management when conser-
vative management fails to control symptoms. Although
consideredminimally invasive, VPhas ~1 to5% riskof clinically
evident complications. Where, cement extravasation is the
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most commonly reported in the literature. Cement viscosity is
considered the single most important predictor of the risk of
extravasation. Unfortunately, injecting high viscosity cement
is difficult to utilize in real practice.We invented a new device
capable of injecting high viscosity with ease and at a distance
to avoid radiation. The aim of this study is to confirm the
efficacy and safety of the new device on cadaveric vertebrae.

Materials and Methods For this prospective case-con-
trol cohort study, 126 osteoporotic vertebral bodies were
harvested form 14 fresh whole human cadavers. DEXA scan
and simple X-rays were performed on all specimens to
confirm the diagnosis of osteoporosis, and to rule out any
pre-existing fractures. A total of 80 vertebral were included in
the study. Computer-randomization software was used to
allocate specimens over two main groups, Conventional VP
and New Device. Both groups were further subdivided into
two subgroups, High-Viscosity and Low-Viscosity. A custom
device was used on each vertebra to induce a compression
fracture. All augmentations were done following the same
method commonly practiced in clinical treatment. X-ray
radiographs were used to measure and compare cement
distribution within the body between groups.

Results: Injecting high viscosity cement was associated
with a lower leakage volume compared with low viscosity
cement, with a mean of 0.06cc for the Conventional VP and
0.08cc with the New Device. High viscosity cement was
associated with no leakage into the spinal canal. It was also
associated with a low incidence of vascular extravasation
(p < 0.001). The mean volume of cement leakage in the low
viscosity groupwas 0.23cc and 0.15cc, for the Conventional VP
and New Device respectively. In both groups, the most com-
mon site for leakage was the vertebral end plate, which was
exhibited more in the low viscosity group (71.5%) compared
with the high viscosity group (42.5%). The preset target
amount of cement to be injected was reached in 99% of the
time when injecting high viscosity cement with the New
Device, compared with 62% using the Conventional VP. In
both groups, there was no correlation between the amount of
cement injected and the amount of leakage.

Conclusion: The newdevice is capable of injecting high
viscosity cement easily, with a lower incidence of cement
leakage. It alsominimized the risk of radiation exposure to the
surgeon.

Trauma Thoracolumbar 3

GO106. Double Blind Placebo-controlled Trial of
Percutaneous Vertebroplasty (VOPE)
Emil Jesper Hansen1, Ane Simony1, Rikke Rousing1, Leah Y.
Carreon2, Hans Tropp3, Mikkel Ø. Andersen1
1Center for Spine Surgery and Research, Middelfart, Denmark
2Norton Leatherman Spine Center, Louisville, Kentucky, United States
3Rygkirurgisk Afdeling IKE, Linköping, Sweden

Introduction:Osteoporotic vertebral compression frac-
tures (VCF) affect ~20% of postmenopausal women and can
lead to long-term disability. Since two double-blind RCTs in
2009, there has been a debate, whether Percutaneous Verte-
broplasty (PVP) has any beneficial effects in treating acute
osteoporotic VCFs. The two studies have been criticized in
order of design and possible bias in results. PVP is a minimally
invasive procedure, primarily used in patients with severe
pain after VCF. Our objective was to investigate the clinical
effects of PVP compared with a SHAM procedure when
treating acute osteoporotic VCFs, with intense focus on VAS-
activity and the first 3 months postoperative.

Material and Methods: Study Design - Double-blind
randomized controlled trial. 52 patients were included in the

study, and they were randomized to either PVP or SHAM, at
the Center for Spine Surgery and Research, Middelfart Hospi-
tal. During the trial period 4 patients were excluded due to
need for further spine surgery, and 2 patients excluded due to
malignancy in peroperative biopsy. During the trial patients,
investigators collecting data, and the statisticians were
blinded.

Results: 46 patients were eligible for statistical analy-
sis, 22 patients in the PVP group and 24 patients in the SHAM
group. In both groups the VAS-scores, and health related
Quality of life scores (SF-36; PCS-score and Eq. 5D-scores)
improved significantly from baseline values (p < 0.05). There
was a statistical significant higher VAS-score in the SHAM-
group throughout the trial period (p ¼ 0.001), with the main
contribution from the VAS-activity.

Conclusion: Our study shows a statistical significant
higher VAS-score in the SHAM group during the trial period,
both groups improved significantly in all clinical parameters.
Focus in the future of PVP and acute OVCFs must be on the 3
months convalescence period and the cost benefit analysis of
early mobilization.

GO107. Results of Ballon Kyphoplasty in Osteoporotic
Fractures with Posterior Wall Injury
Ahmed Shawky1,2, Branko Krajnovic1, Ali Ezzati1
1Spine Center, Helios Klinikum Erfurt, Erfurt, Germany
2Assiut University Hospitals, Assiut, Egypt

Introduction: Cement augmentation techniques are
standard treatment for cases of osteoporotic vertebral frac-
tures. Compared with vertebroplasty, kyphoplasty is associ-
atedwith decreased rates of cement leak. Cases with posterior
wall fractures are relative contraindications for both techni-
ques. The aim of this study was to evaluate the results of
balloon kyphoplasty in cases of osteoporotic fractures with
posterior wall involvement

Patients and Methods: Forty-eight patients with oste-
oporotic fractures with injury of the posterior vertebral wall
were included. Fractures between T4 and L5 were included.
Cases with posterior ligamentous complex injury were ex-
cluded. Preoperative evaluation included plain X-rays, CT,
MRI, and laboratory diagnosis of osteoporosis. All cases
were operated upon with balloon kyphoplasty. Bilateral (bi-
pedicular) approach was used in all cases. Injected cement
volume and incidence of cement leak were evaluated. The
minimum follow-up period was 6 months.

Results: 18 males and 30 females were operated upon.
The average age was 72.4 years. The most common affected
vertebra was T12 in 19 patients. The average volume of
injected cement was 6.2 ml. Posterior cement leak (in spinal
canal) occurred in 2 cases and was asymptomatic. There were
no neurologic or embolic complications.

Conclusion: Balloon kyphoplasty is safe in cases of
osteoporotic fractures with posterior wall fractures. Type A3
and A4 fractures (according to AO classification) were not
associated with increased incidence of cement leak in spinal
canal. The volume of injected cement should not exceed the
volume injected to inflate the ballon.
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GO108. Influence of PMMA Screw Augmentation on the
Primary Stability of an Anterolateral Plating System in
Osteoporotic Vertebrae
Matthias Rüger1, Christian von Rüden2
1Department of Reconstructive Orthopaedics, Trauma Center
Murnau, Murnau, Germany
2Institute of Biomechanics, Trauma Center Murnau, Germany, and
Paracelsus Medical University Salzburg, Austria

Introduction: Expandable anterolateral plates facilitate
the reduction of posttraumatic deformities of thoracolumbar
spine injuries and are commonly used in cases of unstable
injuries or compromised bone quality. In this human cadaver
study, the craniocaudal yield load of the bony fixation of an
anterior angle stable plating system and the influence of
Polymethyl Methacrylate (PMMA) augmentation on the pri-
mary stability of the screw–bone interface during kyphosis
reduction was evaluated in twelve osteoporotic thoracolum-
bar vertebrae.

Material and Methods: The anterolateral stabilization
device used for this study is comprised of two swiveling
flanges and an expandable midsection. It facilitates the con-
trolled reduction of kyphotic deformities in situ with a geared
distractor. Single flanges were attached to twelve thoraco-
lumbar vertebrae. Six specimens were augmented with
PMMA by means of cannulated bone screws. The constructs
were subjected to static, displacement controlled craniocau-
dal loading to failure in a servohydraulic testing machine.

Results: The uncemented screws cut out at a mean of
393 þ/� 66 N, whereas the cemented screws demonstrated
significantly higher yield load of 966þ/� 166 N (p < 0.02). No
significant correlation between bone mineral density and
yield load was detected in this setting.

Conclusion: The results of this study indicate that
PMMA augmentation is an effective method to increase
two- to 3-fold the primary stability of the screw–bone inter-
face of an anterolateral spine stabilization system in osteopo-
rotic bone. We recommend the system in cases of severely
compromised bone quality to reduce the risk of screw loos-
ening during initial kyphosis correction and to increase long-
term construct stability.

GO109. Treatment of Vertebral BodyMetastases in Palliative
Patients: Radiofrequency Ablation, a New and Secure
Treatment Option
Jacques Dominik Müller-Broich1, Tobias Kretschmar2, Marius
Porten1, Sadri Demukaj1, Guido Saxler1
1Department of Orthopedic Surgery, Hospital of Dormagen,
Dormagen, Germany
2Department of Oncology, Hospital of Dormagen, Dormagen,
Germany

Introduction: About a quarter of all people dying in
germany succumb to cancer. In 40%metastases of the spine are
present. Potentially vertebro- or kyphoplasty in combination
with a tumorablation may be a treatmentoption in painful
metastases or metastases with fractures. Cementing alone
leads to dislocation of metastases and scattering of tumoral
mass in the patient. (Principle of Archimedes) Therefore local
reduction of tumoral mass should be performed whenever
possible.The use of ablation systems in the vicinity of nervous
and vascular structures is potentially dangerous.The pre-
sented observational study is to assess the security and
effectivity of a new spinal intravertebral radiofrequency-
ablation sonde.

Materials and Methods: During the period from 11/
2013 until 6/2015 we treated 24 patients (14f, 10m) with 58
vertebral bodies with the radiofrequency-ablation system

followed by radiofrequency-kyphoplasty. The mean follow-
up was 7,04 months (total 169 mon.). Mean age 67 years
(Range 51–84 years). All vertebral bodies were treated uni-
pedicular. Cancers treated were breast cancer (8), multiple
myeloma (7), lung cancer (3), chondrosarcoma (1), prostate
(1), urothel (1), cancer of unknown primary (1), gastric cancer
(1) and fibrous dysplasia (1). In two patients this technique
was combinedwithminimal-invasive percutaneous osteosyn-
thesis. The ablationsystem contains a navigable, bipolar elec-
trodewith two temperature detection sondes,which allow for
real-time temperaturemonitoring at the proximal end of the
ablation zone. The ablation zones were planned preoperative-
ly via computertomography and mri. Patients were examined
for neurological or other deficits postopertively and during
follow-up outpatient clinic visits.

Results: The ablation of the preoperatively determined
areas were intraoperatively radiologically and via monitoring
of temperature securely performed. The maneuverability of
the ablation device allowed via unipedicular access the exact
positioning of the device in the planned ablation zone. No
patient presented neurological deficits or vascular lesions due
to radiofrequency-ablation. One cementextravasation, while
performing kyphoplasty at a site where the lateral wall of the
vertebral body had already been preoperatively destroyed by
the tumor, lead to affection of a peripheral nerve with
intercostal neuralgia (<7 days).

Conclusions: The treatment of 24 tumorpatients in the
advanced stadium of the cancer disease with percutaneous,
minimally-invasive radiofrequency-ablation followed by ce-
mentaugmentation could be verified as secure treatmentop-
tion for vertebral body metastases. The combination of a
unipedicular access for radiofrequency-ablation and –kypho-
plasty facilitates the careful and safe treatment of palliative
cancer patients.

GO110. Routine Bone Biopsy during Percutaneous
Vertebroplasty or Kyphoplasty in the Treatment of
Osteoporotic Vertebral Fractures. Does It Change the
Management Plan? Do We Know the Costs?
Majeed Shakokani1, Tom Robinson1, David Cummings1, Rob
Lovell1, Shaishav Bhagat1, John Powell1, Saajid Kaleel1
1Department of Orthopaedics, Spine Unit, Ipswich Hospital, Ipswich,
United Kingdom

Introduction: According to the WHO, osteoporosis
causes more than 8.9 million fractures annually worldwide.
The lifetime risk for a wrist, hip or vertebral compression
fracture (VCF) has been estimated to be in the order of 30% to
40% in developed countries. It is estimated that up to 2 people
per 100,000 in England are currently treated with percutane-
ous vertebroplasty and percutaneous balloon kyphoplasty.
There are other causes of vertebral compression fractures, and
therefore a bone biopsy is recommended to rule out patholo-
gies such asmalignancy. There is debate about the necessity of
routine biopsy and its cost- effectiveness.

Material and Methods: We conducted a retrospective
study on a cohort of consecutive patients undergoing verti-
broplasty/kyphoplasty and bone biopsy over a 2 year period
between 2013 and 2015 at The Ipswich Spinal Unit. Patient’s
demographics, indication for surgery, level of augmentation,
histopathology results, complications and outcomes were
extracted from electronic records. Patients were grouped in
to 2 major groups; suspected malignancy and unsuspected
malignancy group. Subgroups included non-biopsy group,
and routine biopsy group. The non-biopsy groupwas followed
up until last point of care. Cost of a routine biopsy was
calculated based on theater, surgeon, consumables and histo-
pathology costs.
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Results: 64 patients, Mean age of 64, 129 levels were
augmented, length of stay of 3 days, follow up of 22weeks, and
mean last point of care was 60 weeks . All underwent imaging
and were discussed in a multi-disciplinary meeting (MDT).
Out of the 64 patients, 22 malignancy group, 18 patients
underwent biopsy. Out of the 42patients inwhommalignancy
was not suspected, routine biopsy was performed in 17
patients. No malignancies (0%)found in the unsuspected ma-
lignancy group vs 5 positive samples in the suspected group.
Routine biopsy did not change themanagement plan. Average
Total cost of a routine biopsy was between £210 and £310.

Conclusion: Contrary to the previously published re-
ports, our study shows that there is no specific role for routine
biopsy during vertebroplasty procedure. This is a reflection of
our MRI reporting and MDT approach. Therefore, we believe
selective biopsy is more cost effective and value added ap-
proach in vertebral compression fractures.

GO111. Spinal Osteotomy for Sagittal Deformities using
“Posterior Only Approach”: A Novel Classification System
S. Rajasekaran1, Sreekanth Reddy1, Ajoy Prasad Shetty1, Rishi
Kanna1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, Tamil
Nadu, India

Introduction Numerous types of posterior approach
based osteotomies have been described but often there is a
loss of clarity on the best osteotomy for each patient. We have
proposed amorphological classification of sagittal deformities
based on the status of the anterior and posterior column, the
extent of column deficiency and the flexibility of the deformi-
ty. This classification will be useful as guideline for osteotomy
selection and for comparing the practice preferences and
outcomes between different institutions.

Methods: We analyzed retrospectively collected data
for 187 posterior based osteotomies for sagittal deformity. A
morphological classification of sagittal deformity was created
on basis of collected data. The deformities with intact anterior
and posterior column was Type I, where 1A had mobile disc
spaces and 1B ankylosed segments.Type II had deficiency of
any one column with IIA having a deficiency of posterior
column only and Type IIB of anterior column only. Type III had
an insufficiency of both columnswith Type IIIA being less than
60°, IIIB > 60° and IIIC having buckling collapse. We then
prospectively analyzed this morphological classifcation in
seventy-five patients with sagittal deformity who underwent
various osteotomy procedures for different pathologies. We
matched all the cases for six types of anatomical spinal
osteotomies and one salvage procedure (anterior strut fusion).
The osteotomy procedures considered were partial facetec-
tomy, Ponte’s osteotomy, pedicle substraction osteotomy, disc
bone osteotomy,single vertebrectomy, multilevel vertebrec-
tomy and salvage procedure in the form of anterior strut
grafting.

Results: Themean agewas 20.1years andmean sagittal
deformity was 67.70°(28–129°). An average correction of 41%
(11 to 78%) was achieved and an association of more complex
osteotomies for higher class of deformities was noted. The
inter-observer agreement for four spine surgeons classifying
the 75 deformities was noted to be high (agreement rate K-
0.83) using the above morphological classification. A chi-
square analysis performed to test the association between
the classification and the type of osteotomy, which showed an
observable trend with a highly significant association
(p < 0.001) showing that the type of osteotomy to be per-
formed could be predicted by the classification.

Conclusion: The proposed classification of the sagittal
deformity had ahigh inter-observer agreement andwas useful

in predicting the type of osteotomy. The classification would
be valuable in training and teaching purposes. This classifica-
tion could also be used for comparing the osteotomy selection
and outcomes between different institutions.

Best Papers: Degenerative

GO112. Does Age Affect Surgical Outcomes in Patients with
Degenerative Cervical Myelopathy?: Results from the
Prospective, Multicenter AOSpine International Study on
479 Patients
Hiroaki Nakashima1, Lindsay Tetreault1, Narihito Nagoshi1, Aria
Nouri1, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada

Introduction: Currently, the global population is
experiencing a shift in its age structure. With this aging of
the population, clinicians worldwide will be required to
manage an increasing number of patients with degenerative
cervical myelopathy (DCM). However, there is controversy
whether surgical decompression is equally effective and safe
in elderly patients as it is in younger patients. This study aims
to determinewhether age truly is an independent predictor of
surgical outcome and to provide evidence to guide practice
and decision-making.

Material and Methods: A total of 479 symptomatic
DCM patients were prospectively enrolled in the CSM-Inter-
national study at 16 centers. Our sample was divided into a
younger (<65years) and elderly (�65years) group. Each sub-
ject was neurologically examined at baseline and 24-months
postoperatively and evaluated using a variety of functional
outcomemeasures, including the Neck Disability Index (NDI),
SF-36 physical component summary (PCS) and mental com-
ponent summary (MCS), and the modified Japanese Ortho-
paedic Association scale (mJOA). A mixed model analytic
approach was used to evaluate differences in these outcome
measures between groups. We first created an unadjusted
model between age and surgical outcome and then developed
two adjusted models that accounted for variations in 1)
baseline characteristics and 2) both baseline and surgical
factors.

Results: Of the 479 patients, 360 (75.16%) were < 65
years and 119 (24.84%) were �65 years. There were no
significant differences in gender (p ¼ 0.82) or duration of
symptoms (p ¼ 0.82) between the two age groups. However,
elderly patients had a significantly higher number of co-
morbidities (p < 0.0001). In addition, elderly patients were
functionallymore impaired preoperatively based on themJOA
(p < 0.0001) and Nurick (p < 0.0001) scales and had a lower
SF-36 PCS (p ¼ 0.048). The majority of younger patients
(64.96%) underwent anterior surgery, whereas the preferred
approach in the elderly group was posterior (58.62%)
(p < 0.0001). Elderly patients had a greater number of decom-
pressed levels (4.14 � 1.30) than younger patients (3.50 �
1.23) (p < 0.0001). Three hundred and eight-nine patients
(81.21%) attended their 24-month follow-up appointment.
Younger patients achieved a higher postoperative mJOA
(p < 0.0001) and a lower Nurick score (p < 0.0001) than
elderly patients. SF-36 PCS scores were also significantly
higher in the younger group (p ¼ 0.033). There were no
significant differences in postoperative NDI or SF-36 MCS
between age groups. After adjustments for patient and surgi-
cal characteristics, these differences in postoperative outcome
scores decreased but remained significant. On average, elderly
patients had a significantly longer length of postoperative
hospital stay (12.99� 13.56 days) than younger patients (9.53
� 8.67 days) (p ¼ 0.0086). There were no significant

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S87



differences between the two age groups with respect to rates
of perioperative complications (p ¼ 0.47).

Conclusion: Older age is an independent predictor of
functional status in patients with DCM. However, patients
over 65 with DCM still achieve functionally significant im-
provement after surgical decompression. Potential explana-
tions for this lower functional outcomes in older patients
include that the elderly 1) increased degenerative pathology,
including a decrease in number of anterior horn cells and
number of myelinated fibers 2) co-morbidities, 3) reduced
physiological reserves and 4) age-related changes to the spinal
cord.

GO113. Is Preoperative Duration of Symptoms a Significant
Predictor of Functional Status and Quality of Life Outcomes
in Patients Undergoing Surgery for the Treatment of
Degenerative Cervical Myelopathy?
Lindsay Tetreault1, Branko Kopjar2, Jefferson Wilson1, Paul
Arnold3, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Department of Health Services, University of Washington, Seattle,
Washington, United States
3Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States

Introduction: Longstanding compression of the spinal
cord in patientswith degenerative cervicalmyelopathy (DCM)
may result in irreversible neural tissue damage. This study
aims to analyze whether a longer duration of symptoms is
associated with poor surgical outcomes and to determine the
optimal timing for decompressive surgery.

Material and Methods: Three hundred and fifty pa-
tients with symptomatic DCM were prospectively enrolled in
either the CSM-North America or International study at 12
sites in North America. For each patient, extensive demo-
graphic information was collected, including age, co-morbid-
ities, and a self-reported estimate of preoperative duration of
symptoms. Postoperative functional status and quality of life
were evaluated at 6-, 12- and 24-months using the modified
Japanese Orthopaedic Association (mJOA), Nurick grade, Neck
Disability Index (NDI) and Short-Form-36 (SF-36) Physical
(PCS) and Mental (MCS) Component Scores. Change scores
between baseline and 12-month follow-upwere computed for
each outcome measure. Duration of symptoms was dichoto-
mized into a “short” and “long” group at several cut-offs. An
iterative mixed model analytic approach procedure was used
to evaluate differences in change scores on the mJOA, Nurick,
SF-36 MCS and PCS and NDI between duration groups in 1-
month increments. Two models were constructed: 1) an
unadjusted model between duration of symptoms and surgi-
cal outcome and 2) a model adjusting for significant indepen-
dent covariates identified through stepwise regression
analysis.

Results: Our cohort consisted of 201 (57.43%) men and
149 (42.57%) women, with a mean age of 57.49 � 11.77 years
(range: 29–87 years). The mean duration of symptoms was
25.71 � 36.68 months (range: 1–240 months). In unadjusted
analysis, patients with a duration of symptoms shorter than 4
months had significantly better functional outcomes based on
the mJOA (p ¼ 0.04) than patients with a longer duration of
symptoms (>4 months). On average, patients with a shorter
duration of symptom improved by 3.71 on themJOA, whereas
thosewith a duration 4months or longer only exhibited a 2.96
mean gain. Twelve months was identified as the next impor-
tant cut-off beyond which patients had a significantly worse
outcomes on the mJOA; however, this difference was smaller.
Following adjusted analysis, cut-offs of 4 and 12 months

remained significant. Duration of symptoms was not associ-
atedwith Nurick or SF-36 PCS or MCS in either the unadjusted
or adjusted models.

Conclusion: Patients who are operated on within 4
months of symptompresentation havebettermJOAoutcomes.
It is recommended that patients with DCM are diagnosed in a
timely fashion and referred early for surgical consultation. Our
study does not support the traditional conservative “watchful
waiting” approach to symptomatic patients with DCM.

GO114. Lumbar Spondylolisthesis: Radiographic Criteria of
Instability
Rabih Hajj1, Yara Assaf1, Jean-claude Lahoud1, Fadi Hoyek1
1Department of Orthopaedic Surgery, Notre Dame De Secours
University Hospital, Byblos, Lebanon

Introduction: The goal of this studywas to compare the
radiographic criterias of “static” and “dynamic” lumbar de-
generative spondylolisthesis. The sensitivity of standing later-
al flexion/extension (SLFE) radiographs and magnetic
resonance imaging (MRI) was used to categorize the spondy-
lolisthesis to provide the patient with the ideal treatment.

Material and Methods: Prospective study where pa-
tients were screened using standing lumbar spine SLFE radio-
graphs and MRI. They had their plain films assessed for the
degree of spondylolisthesis andwere designated “dynamic” or
“static” based on the current literature criteria. Axial and
sagittal T2 MRIs were evaluated for associated facet fluid
(FF) and interspinous fluid (ISF). We compared then the
radiographic results with our per-op findings and studied
the sensitivity of SLFE radiographs and MRIs.

Results: 22 patients were included and evaluated for
the presence of spondylolisthesis. Patients with greater than
3mm of instability on SLFE films were more likely to have FF
(p ¼ 0.026) and ISF (p ¼ 0.027). If ISF was present on MRI,
there was a positive predictive value (PPV) of 83.3% that there
would be greater than 3mm instability on plain films. Absence
of FF onMRI has a PPVof 75% for instability less than 3mm on
plain films. If ISF is present on MRI, the likelihood ratio of
finding greater than 3mm instability on plain films was 3.45.
The presence of FF on MRI had a likelihood ratio of 2.53 for
instability. The presence of both parameters FF and ISF in-
creased the likelihood ration to 5.08.

Conclusion: The presence of FF and/or ISF on MRI is
associated with instability greater than 3mm on SLFE films.
The presence of 1 or more of the following criteria: slip
distance greater than 3mm, FF greater than 3mm and positive
ISF permit us to consider the spondylolisthesis as dynamic and
allow us to perform a posterior spinal fusion.

GO115. Computational Anatomyof C2BasedonQuantitative
Computed Tomography and its Implications for Screw
Positioning
Dominic Gehweiler1,2, Dirk Wähnert2, Michael J. Raschke2,
Robert Geoff Richards1, Hansrudi Noser1, Lukas Kamer1
1AO Research Institute Davos, Davos, Switzerland
2Department of Trauma, Hand and Reconstructive Surgery, University
Hospital Münster, Münster, Germany

Introduction: Surgical fixation of the axis (C2) includes
screw positioning through bony corridors close to vital struc-
tures. However, human bones exhibit large variations in size
and shape across individuals and populations. A 3D statistical
model of C2 using Quantitative Computed Tomography (QCT)
was created to analyze the anatomical variations and to
understand their implications for screw positioning.
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Material andMethods: 106 standard clinical QCTs from
46 adult female and 60 male European patients, aged 52.0
years � 19.9 years, with intact C2s have been included in this
study. Themean image resolutionwas 0.5mm� 0.5mm in the
axial plane and 0.6mm in craniocaudally direction. After
anonymization 3D statistical modeling of C2 was performed.
This included the computation of averaged 3D surface and
volumetric bone mineral density (vBMD) models and princi-
pal component analysis (PCA). Transpedicular and odontoid
screw templates were virtually implanted and their corridors
were analyzed.

Results: PCA revealed a highly variable anatomy of C2
in which size was the predominant variation in the 1st

principal component (PC), whereas shape changes were pri-
marily described by the remaining PCs. The largest shape
variationwas observed at the spinous and transverse process-
es and the transverse foramina. Comparison of the averaged
3D surface models of C2 for men and women separately
revealed mainly a difference in size: The model for males
was ~7% larger in the axial plane (anterior-posterior and left-
right directions) and ~9% in craniocaudal direction. 3.5mm
odontoid screw templates could be virtually implanted in all
C2. The average corridor lengthwas 39.2mm� 2.8mmand the
median screw length 38mm. The average corridor length
difference between the genders was ~8%. The corridor ex-
hibited the lowest average vBMD value (199.0 mgCaHA/ml)
underneath the basis of the odontoid process and amaximum
value (911.2 mgCaHA/ml) at its upper part near the cortical
shell. Virtual implantation of a 3.5mm C2 pedicle screw with
1mm safety zonewas not possible in 31.1% due to interference
with the vertebral artery. In 26.4% a 3.5mm screwand in 42.5%
a 4.5mm screw could be positioned. The median screw length
was 32mm. The average pedicle corridor length was 28.7mm
� 1.9mm with an average convergence of 21.0° � 3.6° to the
sagittal plane and an average ascent of 18.7° � 3.5° in cranial
direction. The lowest average vBMD value for the corridor was
located in the trabecular bone of the vertebral body (314.8
mgCaHA/ml) whereas the maximum value (689.2 mgCaHA/
ml) was measured near the anterior cortical shell of the
vertebral body. The average entry point was ~5mm lateral
from the medial border of the inferior articular process and
~10mm cranial from its caudal border.

Conclusion:Weestablished a 3D statisticalmodel of C2
using QCTs. It revealed largely variable surfaces, bone quality
and corridor dimensions and allowed the efficient 3D assess-
ment of parameters relevant for screw positioning. There are
anatomical conditions that allowed/not allowed for screw
positioning. Surgical decision making must rely on both, a
thorough anatomical understanding and the given individual
situation.
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GO116. Posterior Only Vertebral Column Resection (PVCR)
for Fixed Angular Kyphosis (FAK)
Mohammad El-Sharkawi1, Wael Koptan2, Essam Elmorshidy1,
Hamdy Tammam1, Khaled Hasan1, Yaser El Miligui2
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Orthopaedic Surgery, Cairo University, Cairo, Egypt

Introduction: VCR is the most suitable osteotomy for
rigid angular kyphosis especially if the correction needed is
high. The prospective cohort study assessed the efficacy of

Posterior Vertebral Column Resection (PVCR) in management
of Fixed Angular Kyphosis (FAK).

Patients and Methods: Thirteen cases of FAK managed
by PVCR in Assiut University Hospital and followed up for a
mean of 20.31 (12–48) months. Seven cases (53.8%) were
females and six cases were males, the mean age was 13.77
years. Eleven cases were congenital (84.6%) and two cases
were post tuberculous. Five cases (38.5%) affected the thoracic
region, six cases (46.2%) affected thoracolumbar region and
two cases (15.4%) affected lumbar region. VAS, ODI, SRS-22,
and neurology together with local kyphotic angle were com-
pared pre, post and at last follow up visit. One case suffered
progressive paraplegia.

Results: Five osteotomies were at L1; four at D11, and
one osteotomy at D10, D12, L2 and L3. The VAS improved from
6.57 � 2.14 to 1.29 � 0.75 (p ¼ 0.001). The mean ODI
improved from 56.22 � 20.59 to 22.81 � 11.33 (p ¼ 0.001).
Total SRS-22 score improved from 2.11 � 0.60 to 3.35 � 0.65
(p ¼ 0.002). The mean local kyphotic angle improved from
65.38°�29.95 to 14.69°�19.78 (p ¼ 0.001), the mean opera-
tive time was 465.38 � 76.44 (320–600) minutes and the
mean blood loss was 3323 � 934.6 (1600–4500) cc. The
preoperatively neurologically impaired case recovered
completely. Four cases suffered complications (30%), one
case suffered postoperative weakness of quadriceps which
improved with physiotherapy, two cases suffered asymptom-
atic proximal junctional kyphosis and one case experienced
pull out screws which was revised.

Conclusion: PVCR seems to be highly effective tool for
correction of fixed angular kyphosis avoiding themorbidity of
anterior or combined approaches.

GO117. Long Term Experience with Reduction Technique in
High Grade Spondylolisthesis in the Young
Pramod Sudarshan1, Aditya Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Apollo Hospitals, Chennai, Tamil Nadu, India

Introduction: Surgical management of high grade
spondylolisthesis in the young is not only challenging but
also controversial, from in-situ fusion to complete reduction.
It is fraught with dangers such as neurological injury, pseu-
doarthrosis and progressive deformitywith subsequent global
sagittal imbalance. We describe our experience of progressive
reduction technique and restoration of lumbosacral
alignment.

Material and Methods: A retrospective review of pa-
tients who underwent surgery between 1998 and 2012. The
surgical technique involved positioning the hips in extension
with traction, pedicle screw fixation, correction of lumbosa-
cral kyphosis with a specific distraction maneuver, wide
decompression, and gradual reduction of the deformity and
maintenance of reduction with interbody fusion. All patients
were serially assessed at 1, 3, 6 months and yearly thereafter
with clinical, radiological and outcome measures (ODI and
VAS).

Results: 27 patients with high grade spondylolisthesis
at L5-S1 (3 cases Grade 3, 7 Grade 4, 17 Grade 5) with an
average age of 13.9 years were reviewed. Mean follow-upwas
120 months (range 24–192). All patients presented a solid
fusion at the 6month visit; mean slip percentagewas reduced
from 89% to 23%, with all cases reduced to grade 2 or less. The
slip angle improved from 45° to 3° postoperatively, with
improvement in sacral slope from 13° to 35°. 4 spondyloptosis
patients had concomitant scoliosis which corrected sponta-
neously after the surgery and did not need further interven-
tion. All but one patient (96.2%) had good functional outcomes
and returned to their full normal activities. One patient
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developed a deep infection necessitating implant removal,
with eventual deformity progression leading to a poor out-
come. Three patients (11.1%) suffered partial drop foot that
resolved in full by 12 weeks.

Conclusion: Our technique demonstrated a significant
reduction of high grade spondylolisthesis, with restoration of
global sagittal balance via correction of the lumbosacral
kyphosis. Though surgically demanding, it is safe, reproduc-
ible and gives satisfying outcomes.

GO118. The Correlation of Anchor Density and the Curve
Correction of Adolescent Idiopathic Scoliosis Surgery
Yu-Cheng Yeh1, Po-Liang Lai1, Wen-Jer Chen1, Chi-Chien Niu1,
Lih-Huei Chen1
1Department of Orthopaedic Surgery, Chang Gung Memorial
Hospital, Taiwan, Province of China

Introduction: Pedicle screw instrumentation has been
shown to provide better curve correction with solid three-
column fixation in adolescent idiopathic scoliosis (AIS) sur-
gery. The levels of spinal segments to be fused are based on
Lenke classification. However, the optimal anchor density of
fixation points in AIS surgery to achieve cost effective curve
correction remains unclear. The purpose of the study is to
analyze the correlation between curve correction and anchor
density in pedicle screw based posterior fusion of AIS.

Material and Methods: From Jan. 2003 to Dec. 2008,
121 consecutive AIS patients underwent primary posterior
fusionwith pedicle screw based fixation and followed up for a
minimum of 24 months were reviewed. Anchor density was
defined as the number of screws per fused spinal segment.
Radiographswere assessed at preoperative, postoperative 0, 3,
6, 12 and every 12 months until last follow up. The relation
between anchor density and correction rate in Lenke sub-
groups were analyzed.

Results: There were 14 male and 107 female patients
enrolled and aged 14.1 years old at the time of surgery. The
number of Lenke type 1, 2, 3, 4, 5 and 6 curve patientswere 67,
22, 9, 2, 14 and 7 respectively. For all patients, the mean
correction rate was 63.1 � 15.8% in all structural curves and
67.0 � 12.0% in major curves only. The mean anchor density
was 1.30 � 0.18. There was no correlation between anchor
density and major curve correction rate (r=0.24, p ¼ 0.01).
Patients of anchor density >1.30 (=mean anchor density of all
patients) had similar correction rate with patients of anchor
density <=1.30 in the major curves (67.9 � 13.2% vs 66.0 �
10.4%, p ¼ 0.38). For Lenke type 1, 2 and3 curves, therewas no
correlation between major curve correction rate and anchor
density (Lenke 1: r=0.02, p ¼ 0.88; Lenke 2: r=0.30, p ¼ 0.18;
Lenke 3: r ¼ �0.20, p ¼ 0.60) with mean anchor density of
1.29� 0.15, 1.23� 0.17 and 1.23�0.10 respectively. For Lenke
type 5 curves, the major curve correction rate was positively
correlated with anchor density (r=0.61, p ¼ 0.02) with mean
anchor density of 1.51 � 0.23.

Conclusion: There was no significant correlation be-
tween curves correction rate and anchor density in pedicle
screw based instrumentation of adolescent idiopathic scolio-
sis surgery. Although for major thoracolumbar/lumbar curves,
anchor density may play a role in curve correction, further
investigation is still needed.

GO119. VEPTR: Single Centre Experience of 9 Years
Cornelius Wimmer1, Ahmed Ezzat Siam1, Thomas
Pfandlsteiner1
1Schön Klinik Vogtareuth, Vogtareuth, Germany

Introduction: The operative treatment of scoliosis with
vertical expandable prosthetic titanium rib (VEPTR) implants
has been established in Europe since 2002. Between 2005 and
2014, we have treated 72 scoliosis patients with VEPTR
implants.

Methods: This is a prospective uncontrolled study in a
single scoliosis center. Of 72 cases; 51 were females and 21
males, with a mean age of 7.5 years (3–13 years). The
underlying pathology was congenital scoliosis in 39 cases,
neuromuscular scoliosis in 21 and early-onset scoliosis in 12.
The grade of the deformity has been measured according to
Cobb method of anteroposterior radiographs; pre- and post-
operatively, and after every distraction of the rods. This took
place every 6–9 months until post-pubertal end-fusion oper-
ation. The evaluation included patient (or parents’) satisfac-
tion score, complication rate and growth of the patient. Of 72
children, 10 have been already operated before.

Results: The primary deformity ranged from 45° to
130° with a mean of 65°. After the first correction, the mean
Cobb angle was 32° (25°- 75°). No complications occurred
during the instrumentation surgery. Themean operative time
was: 95 minute. (65–175 minute.), with a mean blood loss of
125 ml. In all cases, intraoperative neuromonitoring with SEP
and MEP has been performed. In 29 cases, a “rib-to-lumbar
spine-hybrid” has been used, and combined with a “rib-to-
rib” in 32 cases. In the other 11 cases, a “rib-to-pelvis”
construct has been used. Delayed wound healing occurred
in 4 patients, another patient had pneumonia, that was
successfully treated. Proximal hook dislocation occurred in
14 cases after distraction. Skin perforation complicated 10
cases and needed partial removal of implant. No neurological
complications or deep spinal infection occurred. The mean
hospital staywas 18 days after first implantation (14–31). One
to 12 distraction operations have been done in 52 patients. A
deformity correction with a mean of 15,7° grades have been
achieved (19.8%). In 20 cases, the secondary scoliosis have
been later instrumented. In 12 cases, the implant has been
removed and replaced by pedicular-screw growing rod sys-
tem. The end-fusion operation has been already performed in
12 cases.

Conclusion: The early results have been considerable.
Yet after 9 years of experience with the VEPTR systems, some
major problems occurred with the proximal junctional ky-
phosis and with implant-related complications. Like other
growth-sparing systems, the VEPTR implant showed a com-
plication-rate of 29%

GO120. Health-related Quality-of-life in Adolescent
Idiopathic Scoliosis Patients 25 years after Treatment
Ane Simony1, Leah Y. Carreon1, Steen Bach Christensen1, Mikkel
Osterheden Andersen1
1Center for Spine Surgery and Research, Middelfart Hospital,
Middelfart, Denmark

Introduction: The purpose of this studywas to evaluate
the long-term clinical outcomes using validated measures of
health-related quality of life (HRQOL), 25 years after termina-
tion of scoliosis treatment, in a cohort of Adolescent Idioapthic
Scoliosis Patients.

Material and Methods: 219 consecutive patients
treated with Boston brace or posterior spinal fusion using
Harrington-DTT between1983–90,were invited toparticipate
in a long-term evaluation study. A validated Danish version of
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the Scoliosis Research Society 22R (SRS22R) and Short Form-
36 (SF36V1) were administered to the patients two weeks
before the clinical and radiological examination.

Results: 159 (72,6%) patients participated in the clini-
cal follow up and questionnaires, 11 patients participated only
in the questionnaires, 8 emigrated, 4 were excluded due to
progressive neurological disease and 2 were deceased. The
total follow up was 170 patients (83%), average follow up was
24,4 years (22–30 years). SRS 22-R domains scores were
within the range described as normal for the general popula-
tion with no statistical difference between the two treatment
groups except in the Satisfaction domain, were the PSF group
had better scores than the braced group. The SF 36 PCS and
MCS scores in both AIS cohorts were similar to the scores for
the general population.

Conclusion: HRQOL, as measured by the SRS 22-R and
SF-36, of adult AIS patients treated with Boston brace or PSF
during adolescents were similar to the general population. No
clinical progression of the deformity has been detected during
the 25-follow up period. The PSF group had a small but
statistical significant higher score in the Satisfaction domain
compared with the braced group.

GO121. Quality of Life after Scoliosis Surgery in Cerebral
Palsy
David Ian Wood1, George Cooke2, Antony Louis Rex Michael2,
Lee Mark Breakwell2, Ashley Antony Cole2
1Department of Trauma and Orthopaedics, Northern General
Hospital, Sheffield, United Kingdom
2Department of Trauma and Orthopaedics, Sheffield Children’s
Hospital, Sheffield, United Kingdom

Introduction: Radiological correction of scoliosis in
quadriplegic cerebral palsy (CP) after posterior instrumenta-
tion iswell established but patient and caregiver outcomes are
required to justify this high risk and high cost surgery. The
aims of surgical correction is to improve the patients sitting
postion and pain from costo-pelvic impingement by reducing
the spinal deformity and pelvic obliquity.

Material and Methods: To use the modified DuPont
Hospital questionnaire to evaluate the quality of life, physical
function and caring demands of patients who had undergone
instrumented scoliosis correction for CP. Patients were iden-
tified and after initial contact, the parent completed the
modified DuPont Questionnaire. The outcome measures
were DuPont Questionnaire, Cobb angle and pelvic obliquity
from radiographs before and after surgery.

Results: Between Jan 2003 – Sept 2013, 83 operations
were undertaken by 4 Spinal Surgeons at Sheffield Children’s
Hospital in patients with quadriplegic CP. Two died during
surgery (cardiac arrest) and two had died by follow-up from
causes unrelated to the surgery. 79 families were contacted
and 63 families agreed to be involved (80% return rate). 87%
felt that their child’s deformity was very much improved. 77%
felt that their child’s overall appearance was much improved.
60% felt it had improved their child’s ability to feed and
breathe. 64% felt that it was easier to bathe and dress their
child. 94% said they would recommend surgery to another
member of their family in similar situation. Cobb angle
improved from 70° to 30° (47%) and pelvic obliquity from
24° to 11° (46%).

Conclusion: Surgical correction is still reserved for
significant and progressive deformity with decreasing func-
tion. This remains a high risk intervention in patients at the
severe end of CP spectrum with an on table mortality of 2%.
Parental satisfaction scores were high and similar to currently
published literature. High Satifcaction levels were found in
those families who chose to undertake surgery.

GO122. Tranexamic Acid Administration in Adolescent
Idiopathic Scoliosis Surgery Reduces % Total Blood Volume
Loss
Elissa Butler1, Tara Garber1, Charles Ledonio1, David W. Polly1,
Claudia Cohn2
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
2Department of Lab Medicine and Pathology, University of Minnesota,
Minneapolis, Minnesota, United States

Introduction: Multilevel spinal fusion surgery for ado-
lescent idiopathic scoliosis (AIS) is typically associated with
significant blood loss. Antifibrinolytics such as tranexamic
acid (TXA) have been proposed to reduce both blood loss and
the need for transfusions. This study compares the blood loss
and % total blood volume loss of AIS surgery patients with or
without tranexamic acid.

Materials and Methods: A retrospective comparative
case-control study design was used to evaluate multilevel
spinal fusion operations for AIS by a single surgeon from
October 2011 toAugust 2014. Efficacyof TXAwas evaluated by
comparing mean estimated blood loss (EBL) and %TBV loss
(calculated by Nadler's formula: males ¼ 0.3669 * Ht m3 þ
0.03219 * Wt kg þ 0.6041; females ¼ 0.3561 * Ht m3 þ
0.03308 * Wt kg þ 0.1833). Clinical factors including number
of levels fused and length of operation were tested for
correlation with % TBV loss.

Results: From 2011 to 2014, 36 adolescents underwent
AIS surgery (18 with and 18 without TXA). Mean age was 16
(�3) years and 86% (31/36) were female (controls 15/18 and
TXA 16/18). There were no statistically significant mean
differences between the ()TXA and (þ)TXA groups in terms
of the following: BMI (20.2 vs 22.2); estimated blood volume
(3380 mL vs 3797 mL); levels fused (9.6 levels vs 10.5 levels);
EBL (583mL vs 474mL) (p ¼ 0.18); and EBL per level fused (61
mL/level vs 43mL/level). Percent total blood volume loss and %
TBV per level fused was significantly less in the TXA group
(12% and 1%) compared with control group (17% and 2%)
(p < 0.05). There was a moderate but significant direct corre-
lation between number of levels fused (p ¼ 0.024) and length
of operation (p ¼ 0.007) with % total blood volume loss.

Conclusions: Administration of TXA during pediatric
scoliosis surgery reduced % total blood volume loss by 30%
compared with no TXA.

GO123. Posterior Selective Fusion with Pedicle
Instrumented Correction in Thoracic and Thoracolumbar
Idiopathic Scoliosis
Jeffrey R. McConnell1, Ujjwal K. Debnath2
1Department of Spine Surgery, Leigh High Valley Hospital, Allentown,
Pennsylvania, United States
2Department of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain

Introduction: To evaluate clinical and radiological out-
come of selective fusion for adolescent idiopathic scoliosis
(AIS) in thoracic and thoraco-lumbar curves i.e., Lenke 1C and
5C curves.

Material and Methods: 32 consecutive patients (22
females, 10 males) with 20 Lenke 1 C and 12 Lenke 5C were
operated through posterior approach for AIS . Risser stage at
the time of operation was 0–3 in 24patients and more than 3
in 4patients. Mean agewas 13.5 years. Not every vertebrawas
instrumentedwith pedicle screws. Apical vertebral derotation
and translation on the concave side were performed for
correction. All patients underwent a selective fusion (1C
only thoracic curve fused; 5C only thoracolumbar/lumbar
curve fused). The data were prospectively collected
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preoperatively and at 6 weeks, 1year and 2 years post-opera-
tively. Cobb angle, sagittal and coronal balance, and lowest
fused vertebral tilt were documented at all time-points.
Uninstrumented compensatory curves were measured at all
time points.

Results: Lowest instrumented vertebra (LIV) was distal
end vertebra in 15 patients and was one below distal end
vertebra in 3 patients in Lenke1C curves. The main thoracic
curve correction in Lenke1C was 66%, from 60° � 12° preop-
erative to 20°� 7° at 6weeks. The Cobb anglewas 20°� 10° at
1 years and 24° � 10° at 2 years. The apical vertebral rotation
improved by 38%, the non-instrumented lumbar curves im-
proved 50%. The last instrumented vertebral tilt decreased
from 22° � 8° preoperatively to 5° � 5° postoperatively. The
average thoracolumbar/lumbar (TL/L) preoperative Cobb an-
gle in Lenke5C curveswas 46°� 8°whichwas corrected to 14°
� 7° (70% correction) at a 2-year follow-up. 25% of the
uninstrumented thoracic curve had spontaneous correction.
The coronal balance improved significantly (p < 0.05) and
remained stable from thefirst postoperative visit to the 2-year
follow-up visit. The SRS-22 total scores improved significantly
from before surgery to 2years after surgery (p < 0.0001). No
pseudarthrosis or reoperation was observed. One 12 girl with
Lenke1C (65°) had intra-operative loss of neural monitoring
signals who was paralysed postoperatively for a period of 2
weeks. She recovered completely by 2 months.

Conclusion: Posterior correction of thoracic and thor-
acolumbar AISwith pedicle screw instrumentation is safe and
produces a long-term stable correction and high patient
satisfaction. In Lenke 1C and 5C AIS deformity patterns fused
selectively, the uninstrumented compensatory curves do not
seem to progress. Selective fusions, when successfully per-
formed, will optimize mobile segments of the spine in AIS
patients.

GO124. Treatment of Early Onset Scoliosis - An Early
Experience of Growing Rod Insertion and Lengthening
Ed Simor KhanMor Japar Khan1, Paul Ngalap Ayu2, Jin Hee Goh2,
Manmohan Singh2, Mohd Zakhiri Mohd Rashid2, Dzulkarnain
Amir2, Fazir Mohamad2
1Department of Orthopaedic and Traumatology, International Islamic
University Malaysia, Pahang, Malaysia
2Department of Orthopaedic and Traumatology, KualaLumpur
General Hospital, Wilayah Persekutuan, Malaysia

Introduction: Early onset scoliosis normally found in
children from the age of birth till 10 years old with female
preponderance. Any lateral spinal curvature of 10 degrees or
more by reference to Cobb’s angle measurement is diagnosed
as scoliosis. The deformities is three dimensional thus affect-
ing spinal growth in multiple planes. Scoliosis has been
classified based on it’s underlying causes such as congenital,
idiopathic and also secondary causes as neuromuscular scoli-
osis or syndromic scoliosis.

Material and Methods: A retrospective study of pa-
tients seen in Orthopedic and Traumatology department of
Hospital Kuala Lumpur. The age of patients ranges from8 to 13
years old and are diagnosed with scoliosis regardless of the
etiology. Twenty two patient (nine males, thirteen females)
whom underwent surgical intervention are the subjects of
this study. Spine correction details includes Cobb’sangle, T1-
S1 length, Coracoid Height Difference (CHD), Clavicle Ribcage
intersection point Difference(CRID), Clavicular Tilt Angle Dif-
ference(CTAD), Vertebral height, Apex distance fromCSVL and
rate of lengtheningwere collected. Datawere then statistically
analyzed.

Results: The results obtained after data analysis were
as followes: Mean age of surgery is 11.1(between 13 and 7.7).

Improvement of Cobb’s angle immediately post op is 33.71%
(between 54.55 and 15.56). Final improvement is 48.66
(between 69.09% and 27.59%). T1S1 length improved imme-
diately post operatively by 12.28% and at final lengthening
was 26.41%. An improvement of shoulder CHD immediately
post op by38.33% and atfinal by51.96%was observed. Balance
CRID improve post operatively 35.21% and final 31.86%.
Balance CTAD showed improvement post operatively by
24.38% and final by 23.64%. Overall shoulder balance im-
proved post operatively by 32.64% and final was 35.72%.
Reduction of coronal distance immediate postoperatively by
36.30% and final at 54.89%.

Conclusion: Growing rod is not only one of the best
option to prevent the progression of curvature, it is also a good
method in correcting the co-existing curvature. With a good
correction of curvature, it will facilitate in achieving the
maximal correction for definitive fusion later. The outcome
ofour center is comparablewith the results published byother
international studies. Treatment of Early Onset Scoliosis with
growing rod technique is safe and effective.

Degenerative Cervical

GO125. A Clinical Prediction Rule for Functional Outcomes in
Patients Undergoing Surgery for Severe Degenerative
Cervical Myelopathy: Analysis of an International AOSpine
Prospective Multicentre Dataset of 254 Subjects
Lindsay Tetreault1, Branko Kopjar2, Pierre Cote3, Paul Arnold4,
Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Department of Health Services, University of Washington, Seattle,
Washington, United States
3University of Ontario Institute of Technology (UOIT) Director, UOIT-
CMCC Centre for the Study of Disability Prevention and Rehabilitation,
Oshawa, Canada
4Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States

Introduction: Patients with cervical spondylotic mye-
lopathy (CSM)may be severely impaired, have reduced quality
of life and present with deleterious signs and symptoms.
Patients with severe myelopathy (mJOA < 12) often improve
following surgery; however, some may not achieve a mini-
mum clinically important difference (MCID), whereas others
may have exceptional outcomes. Due to varying prognoses
among this group, it is important to predict outcome in these
patients and use this knowledge tomanage expectations. This
study aims to determine the most important clinical predic-
tors of surgical outcome in patients with severe CSM.

Material and Methods: Of the 757 patients enrolled in
the CSM-North America or International studies, 254 (33.55%)
presented with severe myelopathy as classified by a mJOA
< 12 points. A prediction model was developed to distinguish
between patients who improve to mild or moderate myelop-
athy postoperatively (mJOA�12) and those who remain sig-
nificantly impaired (mJOA < 12). Univariate analyses
evaluated the relationship between this outcome and various
clinical predictors. Multivariate Poisson regression was used
to formulate the final prediction model and to compute the
relative risks. A secondary model was constructed to predict
which patients would achieve aMCID on themJOA, defined as
a change score of three or more points in patients with severe
disease.

Results: Our cohort consisted of 153 men and 101
womenwith ages ranging from 28 to 86 (mean: 60.09� 12.06
years). The mean preoperative mJOA was 9.42 � 1.67. One
hundred and fifty-four (60.63%) patients improved to a score
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�12 at 1-year postoperative, whereas 145 (57.09%) achieved a
MCID on the mJOA. Baseline severity score (RR: 1.07, 95%C.I.:
1.02–1.13), hyperreflexia (RR: 0.83, 95%C.I.: 0.72–0.96), lower
limb spasticity (RR: 0.75, 95%C.I.: 0.65–0.86), and age (RR:
0.97, 95%C.I.: 0.95–0.99) were significant predictors of a
mJOA�12 following univariate analysis. The final model con-
sisted of three statistically significant variables and one
clinically relevant predictor: baseline severity score (RR:
1.09, 95%C.I.: 1.03–1.15), duration of symptoms (RR: 0.94,
95%C.I.: 0.89–0.99), co-morbidity score (RR: 0.96, 95%C.I.:
0.91–1.00) and the sign lower limb spasticity (RR: 0.76, 95%
C.I.: 0.66–0.87). The AUC for thismodelwas 0.75 (95%C.I.: 0.67,
0.83). Improvement by the MCID could not be effectively
predicted by a combination of clinical variables.

Conclusion: Severe patients were more likely to
achieve a score �12 on the mJOA if they had a higher
preoperativemJOA score and a shorter duration of symptoms;
a lower co-morbidity score (fewer and less severe concomitant
disease); and did not have lower limb spasticity.

GO126. The Relationship between Preoperative Clinical
Presentation andQuantitativeMRI Features in Patientswith
Degenerative Cervical Myelopathy
Aria Nouri1, Lindsay Tetreault1, Kristian Dalzell2, Juan Jose
Zamorano3, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Christchurch Public Hospital and Burwood Spinal Unit, Christchurch,
New Zealand
3Spine Surgery Unit, Hospital del Trabajador, Santiago, Chile

Introduction: Degenerative Cervical Myelopathy
(DCM) encompasses a group of degenerative conditions of
the cervical spine, including cervical spondylotic myelopathy
(CSM) and ossification of the posterior longitudinal ligament
(OPLL), that result in spinal cord pathology through static and
dynamic injury mechanisms. While there are a constellation
of degenerative findings that present in patients with DCM on
MRI, large studies have shown that cervical cord compression
and signal changes on MRI can present in asymptomatic or
population based cohorts as well. It is therefore the objective
of the present research to investigate the correlations between
clinical andMRI findings and address this area of controversy.

Material and Methods: One hundred and fourteen
patients enrolled in the prospective and multicenter AOSpine
CSM North American study with complete MRI and clinical
data were evaluated. Patients were enrolled if they had �1
clinical signs of myelopathy. Mid-sagittal MRIs were assessed
for maximum spinal cord compression (MSCC) andmaximum
cord compromise (MCC). Additionally, the presence of T1 and
T2 signal changes assessed, and the degree of T2 signal
hyperintensity deviationwas evaluated by computing a signal
change ratio (SCR). MRI featureswere then statistically related
with the presence of upper and lower limb neurological
symptoms as well as generalized neurological dysfunction
using t-tests. The relationship between duration of symptoms
and quantitative MRI features was assessed using Spearman's
rank correlation coefficient.

Results: The average T2 signal change ratio at the
region of interest was 1.31, and the mean MCC and MSCC
were ~49% and 34%, respectively. Numb hands (p ¼ 0.01) and
Hoffmann’s sign (p ¼ 0.003) were associated with greater
MSCC; broad-based, unstable gait (p ¼ 0.042), impairment
of gait (p ¼ 0.008) and Hoffmann’s sign (p ¼ 0.013) were
associated with greater MCC; Numb hands (p ¼ 0.037), Hoff-
mann’s sign (p ¼ 0.017), Babinski sign (p ¼ 0.002), lower limb
spasticity (p ¼ 0.011), L’Hermitte’s phenomena (p ¼ 0.045),
hyperreflexia (p ¼ 0.004), and presence of T1 hypointensity

were associated with a greater deviation of signal intensity on
T2MRI. Patients with the presence of T2 signal hyperintensity
also had greater MSCC (p < 0.001) and MCC (p < 0.001).
Patients with L’Hermitte’s phenomenon had a statistically
significant lower SCR (p ¼ 0.045), indicating that they more
commonly presented with diffuse and faint, or absence of T2
signal hyperintensities.

Conclusion: MSCC and MCC were predominately asso-
ciatedwith upper limb and lower limbmanifestations, respec-
tively. SCR was associated with upper limb, lower limb and
general neurological deficits. Hoffmann’s sign was the only
clinical parameter which occurred more commonly in pa-
tients with a greater MSCC, MCC and SCR, supporting its role
as a sensitive diagnostic tool. L’Hermitte’s phenomenon pre-
sented more commonly in patients with a lower SCR and thus
may serve to indicatemild pathology and potential for revers-
ibility. Going forward, it would be interesting to investigate
these correlations over multiple preoperative time periods to
evaluate the validity and evolution of these relationships.
Ultimately, the culmination of such research may serve as a
prelude to the construction of an evidence based prediction
model that may help to differentiate between patients that
remain stable and identify those who are likely to deteriorate
without surgical intervention.

GO127. CT-Myelogram Predictors of Outcome in Patients
with Cervical Spondylotic Myelopathy: Results of a
Systematic Review
Feras Waly1,2, Fahad Abduljabbar3, Maryse Fortin1, Michael
Weber1
1McGill Scoliosis and Spine Centre, McGill University Health Centre,
Montreal, Canada
2Department of Orthopedic Surgery, University of Tabuk, Tabuk,
Saudi Arabia
3Department of Orthopedic Surgery, King Abdulaziz University,
Jeddah, Saudi Arabia

Introduction: Magnetic resonance imaging (MRI) is
used routinely to diagnose cervical spondylotic myelopathy
(CSM). However, in cases where MRI is contraindicated, CT
myelogram remains the preferable imaging modality for the
diagnosis of CSM. There remains no confirmed consensus on
the use of specific CT myelogram parameters and their
relationship with regards to CSM disease severity, clinical
presentation and prognosis after surgical treatment. The
purpose of this study is to determine the CT myelogram
imaging parameters in patients diagnosed with CSM that
correlate with severity of CSM and predict postoperative
patient outcome

Materials and Methods: An electronic database search
was performed usingOvidMedline and Embase. CTmylogram
studies investigating the correlation between imaging char-
acteristics and CSM severity or postoperative outcomes were
included. Two independent reviewers performed citation
screening, selection, qualitative assessment and data extrac-
tion using an objective and blinded protocol. All authors
involved in the study have no disclosures related to present
study. No funding was needed for this study.

Results: We found no studies investigating the corre-
lation between CTmyelogramparameters and CSM severity. A
total of 5 studies (402 patients) were included in this review
and investigated the role of CT myelogram parameters in
predicting outcome after surgical treatment. All studies
were retrospective cohort studies. CT mylogram character-
istics included the transverse area of the spinal cord at
maximum level of compression, spinal canal narrowing, num-
ber of blocks, spinal canal diameter and flattening ratio. There
is lowevidence suggesting that patientswith a transverse area
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of the spinal cord >30 mm2 at the level of maximum
compressionhavebetter postoperative recovery and outcome.

Conclusion: Patients with greater transverse area of
spinal cord at the level of maximum compression on CT
myelogram are more likely to have better neurological out-
come after surgery. There is insufficient evidence to suggest
that anyof the other CTmylogramparameters investigated are
predictors of postoperative outcomes in patients with CSM.

GO128. C5 Palsy after ACDF: Topographic Correlation with
Chassaigne’s Tubercle (C6)? A Fresh Cadaveric Study
Ali Rajabian1, Nasir A. Quraishi1
1Nottingham Spine Centre, Queen’s Medical Centre, Nottingham
University Hospitals, Nottingham, United Kingdom

Introduction Our aim was to explore the possible
topographic correlation of C5 nerve root with regards to its
course and regional relation to C6 tubercle. We hypothesized
that etiologic mechanisms proposed thus far in the current
literature although may have some plausible explanation,
however they still cannot explain why C5 and not any other
adjacent level suffer a post-operative palsy.

Materials and Methods Fresh cadaver had extensive
layer by layer dissection performed by 2 surgeons (one of
whom has extensive experience as an anatomy demonstrator
and dissector). Roots of Brachial plexus were exposed in
relationship cervical transverse processes. Photographs
were taken at each stage of the exposure.

Results:We observed a close relation of path of C5 root
with the C6 tubercle bilaterally, moreover we noted a sharper
decent of C5 in comparison with the other adjacent roots.

Conclusion: Sharper angle of C5 nerve root, variations
in intra-operative neck position and shoulder pull may play a
role in predisposing the nerve root to neuropraxia against this
most prominent lateral cervical boney element. We speculate
that C5 nerve palsy may be related to the close association of
the C5 nerve with Chassaigne’s tubercle (C6). We would
suggest a closer analysis of the C5 nerve in this region using
finite element analysis with emphasis on the close proximity
of the nerve and changes due to cervical motion.

Figure 1

Figure 2

Figure 3

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS94



Figure 4

Photograph copyright reserved.

GO129. Do Racial Differences Affect Surgical Outcomes in
Patients with Degenerative Cervical Myelopathy?: Results
from the Prospective Multicenter AOSpine International
Study on 479 Patients
Narihito Nagoshi1, Lindsay Tetreault1, Hiroaki Nakashima1, Aria
Nouri1, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada

Introduction: Degenerative cervical myelopathy
(DCM) is the most common disease of the cervical spine in
the elderly worldwide, and surgical decompression is awidely
accepted procedure to prevent neurological deterioration.
Although racial background affects clinical outcomes in vari-
ous medical conditions and diseases, few studies have evalu-
ated the impact of racial differences on surgical outcome after
DCM. The purpose of this study is to comprehensively evaluate
whether racial background is an independent predictor of
surgical outcomes for DCM.

Material and Methods: A total of 479 patients with
symptomaticDCMwere prospectivelyenrolled in theAOSpine
CSM-International study at 16 global sites. Patients’ functional
status were evaluated using the modified Japanese Orthope-
dic Assessment scale, the Nurick score, the Neck Disability
Index, and the Short- Form36 (SF-36)Health Survey. Improve-
ments in functional status and QOL were assessed between
baseline and 24-months follow-up. A mixed model analytic
approachwas used to evaluate differences in surgical outcome
between races, while controlling for relevant baseline charac-
teristics and surgical factors.

Results: Of the 479 DCM patients, 324 (67.64%) and
106 (22.13%) were Caucasians and East Asians, respectively.
Other races were excluded as there were too few patients to
conduct separate analyses. There was no difference in the
incidence of ossification of the posterior longitudinal ligament
(OPLL) between the two races; however a greater percentage
of Caucasians in India (46.15%) and Turkey (41.38%) exhibited
OPLL than Caucasians at sites in other regions. The frequency
of spondylosis was significantly higher in Caucasians
(p < 0.0001). Caucasians had a significantly longer duration
of symptoms (p ¼ 0.0002), a greater number of co-morbidities
(p ¼ 0.0288), and a lower preoperative score on the SF-36

Physical Component Score (p ¼ 0.0002) than East Asians. At
24-months postoperative, there were no significant differ-
ences in functional status or QOL between East Asian and
Caucasian patients, after adjusting for variations in baseline
characteristics, surgical preferences and disease causation. In
addition, rates of perioperative complications were not sig-
nificantly difference between the races (p ¼ 0.261).

Conclusion:Although the frequencyof subcategories of
DCM differs between racial backgrounds, this does not affect
surgical outcomes for DCM. Decompressive surgery for DCM is
equally safe, and provides comparable functional gains both in
Caucasians and East Asians. Although the prevalence of OPLL
in East Asians has generally been thought to be higher than
amongst Caucasians, our findings indicate that individuals
from India and Turkey may also be at a high risk of OPLL
development.

GO130. Clinical Outcome of Anterior vs Posterior Approach
for Cervical Spondylotic Myelopathy
Mario Cahueque1, Andres Cobar1, Alfredo Ortiz1, Gustavo
Caldera1
1Department of Orthopedics, Centro Medico Nacional de Occidente,
Guadalajara, Mexico

Introduction: Cervical spondylotic myelopathy is a
common cause of neurological morbidity. The decompression
of the neural elements is the gold standard procedure for this
pathology, but there is still a lot of controversy for the
selection of the approach, anterior, posterior or combined.

Methods: 42 patients were enrolledwith the diagnosis
of cervical spondyloticmyelopathy, the 42 underwent surgery
with either anterior or posterior approach at the hospital
Centro Médico Nacional de Occidente, Guadalajara, México, a
follow up for up to one year was made, comparing the results
with the modified score for the Japanese Association of
Orthopaedics (mJAO) and the Nurick score.

Results: Patients were divided into two groups. homo-
geneity analysis were made, finding similar results between
both groups (p < 0.05) Group A. 19(45%)patients received
surgery by an anterior approach (Corpectomy with expand-
able cage and anterior plate fixation) and group B. 23 (55%)
underwent posterior approach, from this 23 patients, 18(43%)
had a laminectomy with posterior instrumentation and fu-
sion, and 5 (12%) had a laminoplasty. 38% female patients and
62% male patients, median age was 75 years old. Functional
outcomes were measure with the modified score for the
Japanesse Association of Orthopaedics (mJAO) for up to one
year follow up. Group A had a lower score (x:15.52) compare
with group B (x:17.13) (15.52 versus 17.13, p < 0.05.While in
the Nurick score Group B got a higher score (x:0.73) compare
with group A (x:0.30) (0.73 vs 0.30, p < 0.05).

Conclusions: The election of the surgical approach in
the cervical spondylotic myelopathy should be individualize
according to the characteristics of the injured elements, it
should be focused in the decompression of the neural ele-
ments and the recovery to the sagittal balance. In this study a
statistical differencewas found according to themJAO and the
Nurick scale in favor of the posterior approach, but the
anterior decompression may also have good results according
to the one year follow up (p < 0.05). More studies should be
made with a bigger population and a longer follow up

Keywords: anterior approach, posterior approach, cer-
vical spondylotic myelopathy, cervical functional scales.
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GO131. The Minimum Clinically Important Difference of the
modified Japanese Orthopaedic Association Scale in Patients
with Degenerative Cervical Myelopathy
Lindsay Tetreault1, Branko Kopjar2, Pierre Cote3, Aria Nouri1,
Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Department of Health Services, University of Washington, Seattle,
Washington, United States
3University of Ontario Institute of Technology (UOIT) Director, UOIT-
CMCC Centre for the Study of Disability Prevention and Rehabilitation,
Oshawa, Canada

Introduction: The modified Japanese Orthopaedic As-
sociation (mJOA) score is the most frequently used clinician-
administered tool to assess functional status in patients with
degenerative cervical myelopathy (DCM). By defining the
minimum clinically important difference (MCID) for this scale,
clinicians can evaluate treatment outcomes for this condition
and better interpret evidence from clinical studies. This study
aims to establish the MCID of the mJOA in patients with CSM.

Material and Methods: Three different methods were
used to determine the MCID of the mJOA: 1) distribution-
based, 2) anchor-based and receiver operating characteristic
(ROC) analysis and 3) professional opinion. The first two
methods were accomplished using data from 517 patients
enrolled in the AOSpine CSM-North America or CSM-Interna-
tional studies. Distribution-based methods were used to
estimate the MCID by computing the half standard deviation
and standard error of measurement. Using anchor-based
methods, mJOA at 12-months after surgery was compared
between patients who “slightly improved” on the Neck Dis-
ability Index (NDI) and those who were “unchanged.” ROC
analysis was then performed to compute a discrete integer
value for the MCID that yielded the smallest difference
between sensitivity and specificity. Finally, MCID estimates
were obtained by surveyingmembers of AOSpine Internation-
al. We repeated the anchor-based methods for patients with
mild (mJOA: 15–17), moderate (mJOA: 12–14) and severe
disease (mJOA < 12).

Results: Our cohort consisted of 315 men and 202
women, with ages ranging from 21 to 86 years (mean age:
56.37 � 11.60). The mean baseline mJOA score was 12.48 �
2.71. One hundred and twenty-nine patients were classified
as mild (mJOA=15–17) preoperatively, 208 as moderate
(mJOA=12–14) and 180 as severe (mJOA < 12). Based on
the NDI at 12-months following surgery, 76 (14.70%) patients
worsened (NDI < �7.5), 130 (25.15%) were unchanged
(-7.5�NDI < 7.5), 87 (16.83%) slightly improved (7.5�NDI
< 15) and 224 (43.33) showed marked improvements
(15�NDI). The half standard deviation of the baseline mJOA
was 1.36 and the standard error of measurement was 1.21.
The difference in mJOA between patients who “slightly im-
proved” on the NDI and those who were “unchanged” was
1.11. ROC analysis yielded avalue of 2 for theMCID (Fig. 1). The
survey of 416 spine professionals confirmed these estimates:
The mean response was 1.65 � 0.66, although the most
commonly selected answer was 2 (39.42%). The MCID signifi-
cantly varied depending onmyelopathy severity: ROC analysis
yielded a threshold of 1 for mild patients, 2 for moderate
patients and 3 for severe patient.

Conclusion: The MCID of the mJOA is estimated to be
between 1 and 2 points and varies significantly with myelop-
athy severity. This knowledgewill enable clinicians to identify
meaningful functional improvements in surgically treated
CSM patients.

GO132. Spinal Cord Drift after Non Instrumented Posterior
Cervical Laminectomy
Khalil Kharrat1, Amer Sebaaly1, Ronald Moussa1
1Hotel Dieu de France, Beirut, Lebanon

Objective: To assess the mean value of spinal cord drift
after laminectomy for cervical spondylitic myelopathy and its
relation to preoperative alignment and postoperative neuro-
logic recovery rate.

Materials andMethods: 35 patients with amean age of
62 were operated for cervical spinal myelopathy (CSM) by
laminectomy with evaluation of preoperative and postopera-
tive MRI (Min 6 months). Functional outcome was measured
(Japanese Orthopedic Association score (JOA), Nurick score,
and recovery rate) and radiological analysis was also made
(Cobb angle and postoperative cord migration). The mean
follow up period was 58.7 months

Results: Themeanpreoperative JOA scorewas 11.3 and
the mean postoperative JOA score was 14.6 with a mean
recovery rate of 63%. The Nurick score went from 2.11 to
0.65 with a recovery rate of 69%. The postoperative cord
migration was 3.82 mm. Younger age, more than four level
laminectomy were correlated with better prognosis. While
spinal cord drift tomore than 3mmwas correlatedwith better
outcome and to the extent of the laminectomy

Conclusion: Cervical laminectomy is an indirect way of
relieving the anterior compression since it allows posterior
spinal cord displacement while widening of the canal. This
displacement is greater when lordosis rather than kyphosis is
present with positive correlation with neurological outcome.

GO133. Degenerative Changes in the Cervical Spine areMore
Common in Middle-aged Patients with Thalidomide
Embryopathy than in Healthy Individuals
Shadi Afarin Ghassemi Jahani1, Aina Daielsson1, Rana Ab-
Fawaz2, Hanna Hebelka3, Barbro Danielson3, Helena Brisby1
1Department of Orthopaedics, Institute of Clinical Sciences,
Sahlgrenska Academy, University of Gothenburg, Gothenburg,
Sweden
2Department of Radiology, Institute of Clinical Sciences, Sahlgrenska
Academy, University of Gothenburg, Gothenburg, Sweden
3

Introduction: The aim of the study was to compare the
degree of degenerative changes in the cervical spine of
thalidomide embryopathy (TE) patients�in whom upper
limb malformations often necessitate help with grip function
through the mouth or by head motion, and may thereby add
extra load to the spine�with that in a control group (CTR).

Material and Methods: Twenty-seven middle-aged TE
patients and 27 age- and gender-matched healthy CTR were
examined by cervical MRI. The presence of malformations,
disc herniations, osteophytes, nerves andmedullary compres-
sion, were evaluated. Disc degenerations (DD), were graded
according to the Pfirrmann classification.

Results: Similar frequencies of disc herniation and disc
space narrowing were observed in both groups, but there was
more foraminal narrowing in the TE group (ρ < 0.002). Sig-
nificantly more DD were seen in the TE group than in the
controls (ρ < 0.001). Evaluation of all discs (n ¼ 135 per
group) showed Pfirrmann grade I in 0% of the TE group and
2% of the controls. Grade II was found in 3% and 36%,
respectively, grade III in 46% and 50%, grade IV in 38% and
11%, andgrade V in 13% and 0% (ρ < 0.001). DDwere observed
frequently at all levels for the TE group, however mainly in the
two lower levels for the CTR.

Conclusion: The more frequently observed degenera-
tive changes of foraminal narrowing and disc signal changes in
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the TE group support the theory that a higher load on the
cervical spine leads to earlier development of DD.

Infections 2

GO134. Surgery for Spinal Tuberculosis: A Multi-Center
Experience of 582 Case
Shah Alam1, Kevin Phan2, Rezaul Karim1, Sharif Ahmed
Jonayed1, Hasan Khalid Md. Munir3, Shubhendu Chakraborty1,
Tashfique Alam1

1Department of Spine and Orthosurgery, NITOR, Dhaka, Bangladesh
2The NeuroSpine Surgery Research Group (NSURG), Sydney, Australia,
Spine and Orthosurgery, Sydney, ACT, Australia
3Department of Spine and Orthosurgery, BMCH, Dhaka, Bangladesh

Introduction: Tuberculosis of the spine is a common
form of TB infection for 50% to 60% of osseous tuberculosis.
Although uncommon, spinal TB still occurs in both developed
and developing countries. The diagnosis of spinal tuberculosis
is difficult and it commonly presents at an advanced stage.
Delays in establishing diagnosis and management result in
complications such as spinal cord compression and spinal
deformity.

Material and Methods: A total of 582 patients with
tuberculosis of the cervical, thoracic and lumbar spine with
moderate to severe cord compression were studied. Variable
degrees of neurological deficit with deformity were treated
from January, 2003 to July, 2014. Thoracotomy along with
anterolateral decompression and autogenous strut bone graft-
ing with simultaneous fixation by screws and rods were done
in 113 cases. Posterior decompression, posterior interbodyand
posterolateral fusion by bone graft with stabilization by trans-
pedicular screws and rods were done in the remaining 469
cases. Appropriate anti TB drugs were given to all patients for
18–24months. The follow-upperiodwas 3months to 10 years.

Results: The average age was 32.5 years. All patients
survived surgery. There were 7 cases of superficial infections
(1.2%) while there were 4 cases (0.7%) of deep infections.
Revision surgery was performed in 6 patients (1.0%). Implant
failure occurred in 4 cases (0.7%) while malposition of screws
occurred in 12 cases (2.1%). Perioperative bleeding complica-
tions were reported for 4 patients (0.7%). Neurological im-
provement occurred in all patients except for 2 cases (0.3%).
Preoperatively, the majority of patients (n ¼ 221, 38%) were
classified with Class A on the American Spinal Injury Associa-
tion (ASIS) neurological impairment scale. This was signifi-
cantly reduced postoperatively to 0.4%.

Conclusion: For patients with spinal tuberculosis ante-
rior debridement, auto graft bone fusion, anterior or posterior
fixation appears to be effective in arresting disease, correcting
kyphotic deformity and maintaining correction until solid
spinal fusion.

Keywords: thoracolumbar spinal tuberculosis debride-
ment, bone graft, stabilization

GO135. Spinal Osteomyelitis as a Manifestation of Neonatal
Sepsis: the Time Bomb
Andrey Pershin1, Alexander Mushkin1
1Department of Pediatric Orthopedics, State Institute of
Phthysiopulmonology, St. Petersburg, Russian Federation

Introduction: Infection of the spine complicates neo-
natal sepsis very rare; to date there are only fewcase reports of
this pathology. The purpose of the study is the analysis of non-
specific spondylitis as a manifestations of neonatal sepsis.

Material and Methods: 9 cases of neonatal sepsis,
operated for the kyphosis due to the spinal osteomyelitis.

Results:All patientswere admitted to thehospitalwith
the consequences of destructive lesions of the spine with no
signs of active infection according to clinical and laboratory
examinations. Sepsis occurred at the age of 5 days to 2.5
months. All cases had multiple foci of infection: pneumonia -
7/9, coxitis - 2/9, rib osteitis - 1/9, soft-tissue infection - 2/9,
intestinal infection - 2/9. In 2/9 cases themicrobiotawas found
- Staphylococcus sp. (from feces) and Klebsiella pneumonie
(from the tracheobronchial tree). All patients received paren-
teral antibiotics. Spondylitiswas diagnosed 3–12months after
the onset of the disease due to the progressive kyphotic spinal
deformity. All cases had paravertebral and epidural abscesses
with the compression of the dural sac, during prolonged
antibiotic treatment the abscesses significantly reduced (6/
9) or resolved (3/9). All children had total destruction of 2–3
vertebral bodies in the thoracic region (Th4 - Th11) that led to
the formation of sharp angular kyphosis ranged 44–80 de-
grees of Cobb angle. At the time of surgery childrenwere aged
7 to 19 months. All cases were neurologically intact. 8/9
patients had one-day surgical procedure - anterior fusion (4
using titanium mesh) and posterior instrumentation of the
spine (⅞ – anterior and posterior approaches; ⅛ – only
posterior), 1/9 had staged surgery (due to the cardiac prob-
lems – congenital heart defect). Postoperative neurologic
status was intact in all children. Histologic exam of pathologic
material showed signs of nonspecific inflammation of bone
tissue in all cases. No microbiota, including mycobacteria,
were found in the operating material (by microscopy and
cultural methods). The absence of Mycobacterium tuberculo-
sis DNA was confirmed by RT-PCR in 8/9 patients.

Conclusion: Infections of the spine as a manifestation
of neonatal sepsis are rare, and are diagnosed after the onset of
kyphosis. The disease is characterized by extensive destruc-
tion of the vertebral bodies and the formation of paravertebral
and epidural abscesses without neurologic complication de-
spite the pronounced compression of spinal cord in especially
vulnerable to ischemic complications area of mid-thoracic
spine. In the majority of patients verification of the causative
microbial agent of sepsis and spondylitis was not possible. The
angular deformity of the spine in young children due to the
destruction of the vertebraemakes it necessary to rule out the
spinal tuberculosis as the most common cause of acquired
kyphosis in children. Surgical treatment of spondylitis as a
sequela of neonatal sepsis is performed when the infection is
under control. The goals of surgery are the anterior column
reconstruction and kyphotic deformity correction.

GO136. Post-traumatic Spondylodiscitis. Update, Series of 17
Patients and Review of the Literature
Hamdan Abdelrahman1, Mootaz Shousha2, Heinrich Boehm2

1Assiut University Hospitals, Assiut, Egypt
2Zentralklinik, Bad Berka, Germany

Introduction: With increased risk and predisposing
factors, the incidence of pyogenic spondylitis is rising. The
term locus minoris resistentiae is defined as a place of less
resistance, any part or organ which is more susceptible than
others to the attack of a morbific agent. Hence the posttrau-
matic spondylodiscitis becomes not uncommonwith acute or
chronic presentation. In the literature only 17 publications
(1939–2012) are reporting on a total of 20 cases.

Material and Methods: A retrospective uncontrolled
clinical case-series in a single institution. Between January
2000 and May 2015, 17 patients were operated due to
vertebral osteomyelitis after spinal fracture.Wehave analyzed
the preoperative condition, risk factors, diagnostic findings,
time between fracture and presentation, causative organism,
treatment and outcome
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Results: Total of 17 patients; 9 males and 8 females
with mean age 68 years (44–81). High energy Trauma was
reported by 5 patients. The mean interval between the
fracture and spinal infection was 111.6 days (5 - 601). Twelve
patients presented within less than 3 months of the fracture,
whereas 5 presented later. Affected region was lumbar in 12,
thoracic in 4 and cervical in one patient. Comorbidities were
found in 94% of the patients: DM in 9 cases, renal insufficiency
in 6 and cardiac diseases in 8 cases. Associated infections had
been detected in 12 (71%). Mean CRP at time of presentation
was 115 mg/l, WBCs 11x103/mm3 and ESR 81 mm/hr. The
most common isolated organismwas Staph. aureus in 9 cases
(53%). Mean VAS after injury was 6.8/10 and at the time of
presentation with spinal infection was 7.8/10. The most
common presenting symptoms were increased local pain in
all patients, fever in 11 and neurological manifestations in 6
patients. All patients except 2 patients, who died preopera-
tively, had been treated surgically (anterior Debridement and
posterior stabilization).

Conclusion: Spinal osteomyelitis is commonly caused
by hematogenous seeding. Predisposing factors that compro-
mise the immune system render the host more susceptible to
spinal infection. The fracture hematoma represents a suitable
site for inoculation and development of infection and this can
explain the acute presentation. The altered local vascularity at
the fracture site can lead to blood stagnation and facilitate the
bacterial seeding. Inflammatory parameters can be mildly
elevated after trauma and should be differentiated from
increase due to infection.

GO137. Spondylodiscitis 10 Years Experience of 40 Cases in a
Third Level Hospital in Bogotá, Colombia
Constanza Bedoya1, Fernando Alvarado1, Luis Carlos Morales1,
Andres Rodriguez1, Miguel Farfan1, Andres Felipe Rodriguez1,
Daniela Tafur1
1Department of Orthopaedics, Fundacion Santa Fe de Bogota, Bogotá,
Colombia

Introduction: Spondylodiscitis is an infrequent pathol-
ogy and may be overlooked in clinical practice. Diagnosis
requires a high level of suspicion by physicians; a multidisci-
plinary approach is essential. The objectivewas to describe the
incidence, risk factors, clinical characteristics, management
and outcomes of patients with spontaneous spondylodiscitis.

Material and Methods: Medical records of patients
treated for infectious discitis at a third level hospital in Bogotá,
Colombia, between January 2003 and August 2014 were
reviewed. Postoperative infections and vertebral osteomyeli-
tis were excluded.

Results: Spontaneous spondylodiscitis was diagnosed
and treated in 40 patients (mean age 60,8 years, 60%male, 40%
female). Most patients presented with subacute pain, 25%
with fever, one patient with hypoesthesia in both legs, normal
physical examwas observed in 24% of patients and no patient
had paresis/paralysis. Among comorbid diseases, type 2 dia-
betes mellitus was the most relevant (20%). Concomitant
infection at diagnosis was present in 7.5% of patients. WBC
count and PCRwere themost frequent laboratory test andMRI
the most performed radiological test being positive in all
cases. Procalcitonine was assessed in 10% of patients. Lumbar
segments were involved in 62,5% of patients. S. Aureus and S.
Epidermidis were the most common isolated microorganism
(10% of patients) 55% of patients received I.V. inhospital
antibiotic for less than 1 month, followed by 2–6 weeks of
oral antibiotics in 75% of patients. Linezolid, Rifampicin and
Vancomycinewere themost frequently used antibiotics (alone
or in combination). 20% of patients underwent surgical treat-
ment. Abscess was observed in 7 patients (17,5%) all of whom

went to surgical treatment. 2 patients developed infectious
endocarditis and 1 patient died. 8 patients presented recur-
rence of the disease. Mean inhospital length was 30 days.

Conclusion: Spondylodiscitis diagnose must be sus-
pected in patients presented with persistent back pain and
specific risk factors (i.e., Diabetes Mellitus, Immunosuppres-
sion). Appropriate images and laboratory tests (MRI, WBC
count, PCR and procalcitonine) must be assessed to reach an
early diagnosis and antibiotic treatment guided by causative
organism. Surgical treatment must be considered in specific
cases. Recurrence is not common and must be prevented.

GO138. Demographics of Tuberculosis of Spine and Factors
Affecting Neurological Improvement in Patients Suffering
from Tuberculosis of Spine - A Retrospective Analysis of 312
Cases
Ayush Sharma1, Harvinder Chhabra2, Tarun Chabra3
1Department of Orthopaedic and Spine Services, Dr B R Ambedker
Central Railway Hospital, Mumbai, Maharashtra, India
2Department of Spine Services, Indian Spinal Injuries Center, Delhi,
India
3Department of Orthopaedics, Ganga Hospital, Coimbatore, Tamil
Nadu, India

Objective: The purpose of the study was to study
demographics of tuberculosis of Spine and analyze factors
that might affect neurological improvement in patients suf-
fering from tuberculosis of spine.

Materials: Of the 638 suspected cases of spinal tuber-
culosis, 312 cases with confirmed diagnosis with at least one
year follow up were selected for retrospective analysis. 200
cases that presented with neurological deficit were further
divided into three groups- completely improved, partially
improved, and no improvement according to AIS (American
Spinal Injury Association impairment scale) grading. All con-
tinuous variables and categorical variables were compared
across groups.

Results: 66.99% patients had typical clinical presenta-
tion. 84.62% had typicalMRI presentation. Thoracic levels (T1–
10) were most commonly affected in 45.78% followed by
thoracolumbar levels 27.52%(T11-L2). In 80.32% disease was
restricted to one or two adjoining vertebrae. At presentation
35.89% patients were neurologically intact whereas 31% were
AIS-D, 20.83% were AIS-C, 2.5% were AIS-B and 9.61% were
AIS-A. The three groups of patients with complete improve-
ment, partial improvement, and no improvement were sig-
nificantly different in their levels of vertebral involvement, AIS
grade at presentation, bladder and bowel involvement and its
duration on statistical analysis.

Conclusion: Age, sex, radiological presentation, co–
morbidities and presence of pulmonary tuberculosis has no
significant effect on neurological improvement. Levels of
vertebral involvement, AIS grade at presentation, bladder
and bowel involvement and its duration significantly effects
the final neurological improvement in cases of tuberculosis of
spine.

GO139. Anterior Coloumn Reconstruction with Stand Alone
Titanium Cage, without Anterior Plating in Tuberculosis
Cervical Spine. An Experience of 47 Patients
Qazi Muhammad Amin Qazi1, Muhammad Imran1, Rizwan
Akram1, Shahzad Javaid1, Naeem Ahmad1, Amer Aziz1
1Ghurki Trust Teaching Hospital Jallo Mor Lahore, Lahore, Pakistan

Introduction: Tuberculosis is a common problem spe-
cially in under developed countries. Tuberculosis of the verte-
bral column constitutes nearly 50% of all lesions of
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osteoarticular tuberculosis. The commonest site for the dis-
ease is in the peridiscal region. Treatment option usually is
anti tuberculous chemotherapy but in some patients usually
with severe pain and involving neurology, instability, large
abcess, surgery is recommended.To our knowledge there is
not a single publication in literature in which standalone
titanium cage and bone graft without anterior plating is
used in the treatment of TBS. The aim of this study is to
evaluate the efficacy of standalone titanium mesh cages in TB
cervical spine.

Material and Methods: A retrospective study of 47
patients with cervical tuberculous spondylitis (TBS) was
performed at Ghurki trust teaching hospital. This study ap-
proved by the Institutional Review board and the ethics
committee, included 47 patients with TBS of cervical spine
who gave their informed consent to be included in the
research. All patients had radical debridement, decompres-
sion, anterior coloumn reconstruction and instrumentation
with standalone titanium cage without anterior plating filled
with autologous iliac bone graft. The diagnosis of TBS was
based on clinical correlation including night fever, loss of
weight, fatigue and neck pain, laboratory investigations in-
cluding ESR, CRP and tuberculin test were done in all patients.
Visual analogue score (VAS) and frankel scoring system was
used to score pain severity and grade neurological status. ATT
was started preoperatively. The radiographic assessment in-
cluded preoperative standard anteroposterior and lateral
views. Cobbs methos was used to measure the sagittal profile.

Results: 61.6% patients fell in age group 3–35 years and
28.4% fell in group 36–70 years of age. 26 were men and 21
were women .Out of all patients 26 had pre op frankel grade E
and 4pts had grade D and 10 pts had grade C and 2 pts had
grade B and five pts had grade A preoperatively. Post opera-
tively one patient of grade A remained same while other four
improved to grade C in follow up and rest of all pts. improved
to grade E in two year follow up. Pre-op cob's angle was 39.06
� 10.92 (Mean�SD) which improved to -5.51 � 4.77
(Mean�SD). P value is < 0.05. In comparison of visual ana-
logue score there is also statistically significant difference in
pain improvement. All patients had single stage radical de-
bridement, decompression and instrumentation. Anterior
coloumn reconstruction was done in all patients using stand-
alone titanium cage.

Conclusion: The use of titanium cages effectively re-
stores the sagittal deformity in TB spine with no donor site
morbidity.

GO140. Anterior Column Reconstruction with Bundled
Autologous Rib Graft after Thoracic Spinal Tuberculosis
Debridement
Qing Wang1, Shuang Xu1, Gaoju Wang1
1The Affliated Hospital of Luzhou Medical College, Luzhou, China

Introduction:Vertebral defects are created after radical
debridement for spinal tuberculosis, which often require
anterior spinal column reconstruction with a strut graft.
Autologous rib can be harvested through the same skin
incision and can be exploited to reconstruct anterior column
defect for thoracic spinal tuberculosis. The purpose of this
studywas to assess the clinical efficacy of bundled autogenous
rib graft for anterior column reconstruction after thoracic
spinal tuberculosis debridement.

Material and Methods: Fifty-eight patients with a
confirmed diagnosis of thoracic vertebral tuberculosis (T4-
T11) between January 2008 and December 2013 were ana-
lyzed retrospectively. All patients underwent anterior radical
debridement and immediate reconstruction using bundled

autologous rib with anterior instrumentation. We retrospec-
tively analyze the clinical and radiographic data.

Results: All patients were followed 24–42 months and
achieved solid bony fusions. There was no slide, subsidence,
migration and breakage of bundled autogenous rib and screw-
rod system. No significant loss of deformity correction was
noted. Spinal cord function was effectively improved in all
patients who had incomplete paralysis before surgery. There
was no recurrence of tuberculosis. Pleural damage occurred in
10 ases while the rib was harvested. They were treated
successfully with repair and closed drainage after operation.
Two patients suffered from intercostal neuralgia postopera-
tive and were relieved using non-steroidal anti-inflammatory
(NSAID). The length of the rib harvested intraoperative was
15–22 cm with an average of 17.1 cm. Length of bundled
autologous rib was 1.5–4.6 cm with an average of 3.7 cm.
Cross-sectional area of bundled autologous rib accounted for
an average of 35% of the endplate area adjacently.

Conclusions: This case series demonstrates anterior
radical debridement, graft and instrumentation are safe and
effective methods for thoracic tuberculosis.The bundled au-
togenous rib graft and anterior instrumentation could work
effectively to provide immediate stabilization for reconstruc-
tion of anterior column defect created by radical debridement
for thoracic spine.

GO141. Classification of Dorso-lumbar Tuberculous Lesions.
Prospective Analysis of 270 Radiological Lesions
Susmit Naskar1, Mihir Bapat1, Amandeep Gujral1
1Department of Orthopaedics, Kokilaben Dhirubhai Ambani Hospital,
Mumbai, Maharashtra, India

Introduction: Classification systems allow categoriza-
tion of radiological similar lesions. Evaluation of differing
clinical treatmentmodalities, helps formulate protocols. How-
ever no classification systems exists for dorso-lumbar (DL)
tuberculous lesions, though surgeons continue to debate
treatment strategies.

Material and Methods: 270 dorso-lumbar tuberculous
lesions were surgically treated between 2001–2011. Pre-
operative radiology included X-rays (D1-S1), MRI and CT
scan in all patients. Cervico-dorsal lesions were excluded.
Categorization was based on anatomical location, extent of
anterior osseous disease (AD), posterior element disease (PD)
and site and matching of epidural disease (ED). Anatomical
location: 1. Dorsal between D1 and D12 (117); 2. Lumbar
between L1 and L5 (46); 3. Sacral: S1-S4 (6); 4. Cross over
lesions: (DL 48, LD 29, LS 15, SL 9). If major AD was in L1 and
lesser in D12 the lesions were called “Lumbo-Dorsal” cross
over and vice versa. The terminology changed accordingly at
Lumbo-sacral junction. Extent of Anterior Destruction: Dis-
tance between proximal and distal normal bone gave estimate
of anterior defect (AAD) that requires reconstruction. There
was statistically significant increase in AAD from Type 1 to 3.
Type 1 (n ¼ 37): Paradiscal erosion cavitation restricted to less
than 50% of body-height. AAD was 2.7cms (1.8–3.2). Type 2
(n ¼ 33): Central osseous destruction with cavitation reach-
ing both end plates. AAD was 3.34cms (2.8–4.0). Type 3 A
(n ¼ 82): Less than 50% destruction in one andmore than 50%
in the other body. Significant cavitation reaching far end plate.
Less than 50% circumference available for reconstruction. AAD
3.69cms (2.9 – 4.2). Type 3 B (n ¼ 79): More than 50%
destruction in both bodies. AAD 4.98cms (4.0 to 6.2 cms).
Type 4 (n ¼ 28): This includes types 1,2 and 3 with PD. Type 5
(n ¼ 11): AD affecting more than 2 bodies in continuity. PD
may or may not be present. AAD varies with each case and
should be studied on the CT scan picture. Site of ED: This was
predominantly anterior (152), posterior (21), hemispherical
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(42), circumferential (30) or mixed pattern (25). Matching ED
with AD: Matched ED (n ¼ 227) meant that the site of ED was
adjacent to osseous destruction; Un-matched ED (n ¼ 43);
Anterior unmatched compression (38). Anterior ED extended
proximal or distal to AD; Posterior un-matched compression
(6). ED was posterior when the lesion was anteriorly located.

Results: Inter-observer variability. 25 radiology sets
were distributed to 4 authors. All recorded type 1,2,4 and 5
correctly on X-ray and MRI. Statistically significant variation
was recorded between types 3A and B (7/15 type 3). CT scan,
reduced variation significantly (2/15) Better delineation of AD
aided decision-making. Variation in noting ED was insignifi-
cant. Four most common patterns were: 1. Dorsal, Type 3 A,
anterior matched ED (42); 2. Dorsal, Type 3 B, anterior
matched ED (30); 3. Dorso-Lumbar, Type 2, matched anterior
ED (22); 4. Lumbo-Dorsal, Type 4, anterior matched ED (18).

Conclusion: Classification allows categorization of le-
sions and comparison of treatment outcomes. Improvisation
in posterior surgery has intensified the on-going debate
between anterior and posterior surgical approaches. Irrespec-
tive of approach, classification defines AD and PD that allows
the surgeon to plan an approach that would provide a ade-
quate spinal cord decompression and stable construct. The
author’s recommendations are: 1. Type 1, 2, 3A: anterior
decompression and reconstruction; 2. Type 3 B and type 4
anterior reconstruction and posterior stabilization. CT scan is
a useful to assess AD and planning reconstruction. The new
classification is the first of its kind that promises comparison
of radiological data.

GO142. Single Stage Anterior Corpectomy and Posterior
Instrumentation in Tuberculous Spondylitis with Varying
Degrees of Neurological Deficit
Ujjwal K. Debnath1, Jeffrey R. McConnell2
1Department of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain
2Department of Spine Surgery, Leigh High Valley Hospital, Allentown,
Pennsylvania, United States

Introduction: The study is an outcome of patients with
tuberculous spondylitis, progressive neurologic deficit, and
kyphotic deformity, who underwent single stage anterior
corpectomy and posterior decompression with instrumented
fusion

Material and Methods: 20 (6M:14F) patients with
spinal TB and varying degrees of motor deficits underwent
surgery during the past 7 years. The range of agewas from 2 to
65 years old (mean age of 34.8 years).The average duration of
symptom was seven months (ranging from 3 months to 1
year). Anti-tuberculosis chemotherapy was initiated in all
patients and continued for more than four weeks until ESR
< 40mm/H before surgery. All had a minimum of 12 months
of follow up (mean follow-up period 16 months). One patient
had upper cervical disease, 10 patients had thoracic disease
and 8 patients had lumbar or lumbo sacral involvement. The
disease in 7 patients was characterized by Frankel Grade A/B
(Medical Research Council Grade 0/5), in 8 patients by Frankel
Grade C (unable towalk evenwith support) and 4 patients had
Frankel Grade D (walk with support but weak legs) on
admission. The kyphotic angle ranged from 5° to 40° before
operation, with an average of 18°� 12°. Three children below
10years of age underwent anterior corpectomy and debride-
ment with rib or fibular grafts and posterior instrumented
fusion. All the 17 patients underwent anterior corpectomy,
debridement with cage insertion and posterior instrumented
fusion. Physiotherapy was instituted in all patients.

Results: Local symptoms of pain were relieved signifi-
cantly by three weeks postoperatively (mean VAS scores

reduced from 6.8 to 2.7). 17/19 patients (89.4%) neurological
deficit had excellent or good clinical results (P > 0.05). 6/7
patients improved from Frankel A/B to Frankel E (normal
activity), ⅞ patients improved from Frankel C to Frankel E
and all 4 patients with Frankel D became normal to Frankel 5.
The average ESR was normal (10 � 5mm/h) within 6 months
in all patients. The averagekyphotic angle decreased to7 °� 5°
postoperatively. Solid fusion was achieved in all cases. No
significant loss of deformity correction was noted in these
patients. Only one patient with lumbo-sacral disease showed
recurrence after 18months of disease free interval.

Conclusion: Single stage anterior corpectomy with
autogenous rib grafts or cage insertion and posterior instru-
mentation are safe and effective methods in the surgical
management of spinal tuberculosis with neurological deficit.
Combined single stage surgery helps to correct and maintain
the deformity, foci clearance, spinal-cord decompression and
pain relief in the treatment of tuberculous spondylitis.

Arthroplasty Cervical

GO143. Determination of the Center of Rotation for Flexion/
Extension Before and after Insertion of 3 Different Types of
Disc Prostheses, and Comparison with In-Vivo MRI-Derived
Data from Healthy Volunteers
Manfred Muhlbauer1, Ernst Tomasch2, Wolfgang Sinz2,
Siegfried Trattnig3, Hermann Steffan2
1Department of Neurosurgery, Donauspital SMZ Ost, Vienna, Austria
2Vehcile Safety Institute, Technical University Graz, Graz, Austria
3High Field MR Center, Department of Biomedical Imaging and Image-
guided Therapy, Medical University of Vienna, Vienna, Austria

Introduction: An in-vivo biomechanical study is pre-
sented investigating the Center of Rotation (COR) for flexion/
extension before and after insertion of 3 different types of
cervical disc prostheses. The aim of the study was to investi-
gatewhether the pre-operative coordinates of the CORdeviate
from that of Healthy Volunteers (COR-HV), and further wheth-
er and how the COR-coordinates change after insertion of the
different disc prostheses.

Material and Methods: 15 healthy volunteers under-
went MRI-investigation of their cervical spines. Data for
flexion/extension were collected in 5 different positions
from maximum extension to maximum flexion for determi-
nation of the COR-HV. Further, from 30 patients with a one-
level cervical disc prosthesis (10 respective patients who
received a Bryan-, Discover- or Prestige-prosthesis) the rou-
tinely taken pre- and post-operative cervical flexion/exten-
sion X-rays underwent graphical analysis for determination of
the respective COR from C3/4 to C6/7. The pre- and post-
operative CORswere comparedwith the corresponding CORs-
HV.

Results: Concordant to the literature a different COR-
HV was determined for each respective level from C3/4 to C6/
7, and it could be demonstrated that the COR for flexion/
extension shows migration during motion. In the patient-
study, in all 3 subgroups (Bryan-, Discover-, Prestige-prosthe-
sis) the pre-operative COR for flexion/extension deviated
considerably from the COR-HV. After prosthesis insertion
the coordinates of the COR changed in all levels from C3/4
to C6/7 regardless of the operated segment; in the Bryan-
group the COR was shifted toward the COR-HV; in the
Discover-group it was shifted away from the COR-HV; and
in the Prestige-group it was shifted partly toward and partly
away from the COR-HV.

Conclusion: It must be presumed that in patients who
are candidates for cervical arthroplasty the COR is not con-
gruent anymore with the COR in healthy individuals. Further,
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the insertion of a disc prosthesis can change the position of the
COR in all levels of the lower cervical spine, irrespective from
the level of insertion. It seems that the biomechanical design
of the implant can considerably influence the way how the
COR changes its position: prosthesis with a simple ball-socket
design could shift the already abnormal COR to an even more
unphysiological position; devices with a more flexible bio-
mechanical design however can contribute to normalize the
COR toward the coordinates that were found in healthy
individuals. Further studies on this topic with higher numbers
of datasets should be undertaken to support the improvement
of the biomechanical design of cervical disc prostheses.

GO144. Early Clinical and Radiographical Results of Single
Level Cervical Arthroplasty with Discocerv®
Sung Kyun Oh1
1Department of Orthopedics, Wonkwang University Hospital, Gun po,
Republic of Korea

Introduction: Cervical disc arthroplasty has been
shown to be as effective as fusion in radiculopathy in appro-
priately selected patients. Discocerv(Alphatec Spine,Carlsbad,
USA) was introduced to reduce the difficulty of end plate
preparation. Aim of this study is to evaluate the early results of
clinical and radiographic outcome in patients implanted with
Discocerv, which is semiconstrained mobile prosthesis made
of ceramic bearings.

Material and Methods: From December 2008 to June
2012, 14 patients were enrolled in this retrospective study.
They all suffered from single level radiculopathy due to acute
disc rupture, and underwent total disc replacement with
Discocerv. The mean follow-up period was 28 months
(12~60 months). There were 8 males and 6 females and the
mean age was 46.9 years old (39–66). The clinical outcomes
were analyzed by using preoperative and postoperative follow
up Korean version of neck disability index(K-NDI) and visual
analogue scale(VAS). Also segmental motion was assessed by
using dynamic flexion –extension lateral view, and hetero-
topic ossification or other complications were assessed.

Results: The mean VAS score improved significantly
from 8 preoperatively to 0.3, 0.6 at one year, two years
respectively and mean NDI score also improved from 28
preoperatively to 9, 6.4, 8.75 at three months, one year, two
years respectively after operation. The mean segmental mo-
tion was 3.2 degree preoperatively and 4.7, 4.6, 6.6 degree at
postoperative sixmonths, one year, twoyears respectively and
after 3 years, mean segmental motion decreased to 3.1 degree
and to 1.9 degree at four years. Heterotrophic ossificationwas
not detected in all cases, but anterior osteophyte formation at
implanted segment was seen in 3 cases after three years.
There was no radiologic complication related to wear. But 2
patients complained subjective discomfort as if they felt
friction sound of their artificial joint.

Conclusion: Single level cervical arthorplasty with
Discocerv showed good clinical outcomes and motion preser-
vation sustained up to postoperative 3 years. Also, there were
no major complications or no heterotopic ossification. How-
ever, 14% of patients felt friction sound by themselves.

GO145. Hybrid Constructs in the Surgical Treatment of
Degenerative Cervical Disc Disease – Five-Year Clinical and
Radiological Follow Up
Balazs Szollosi1, Peter Paul Varga1
1National Center For Spinal Disorders, Budapest, Hungary

Introduction: In most of the patients with multiseg-
mental cervical degenerative disc disease the certain seg-

ments can show different stages of degeneration and
instability. This condition may require an individual surgical
strategy and the use of hybrid constructs with the combina-
tion of fusion andmotion presevation implants. Our studywas
designed to investigate the clinical and radiological outcome
of the combination of cervical fusion and arthroplasty in a
prospective cohort.

Material and Methods: 36 patients with symptomatic
cervical radiculopathy and/or myelopathy underwent hybrid
cervical surgery between 2007 and 2010 (14 two-level, 16
three-level and 6 four-level surgeries were performed). VAS
for pain, Neck Disability Index, neurologic function and the
radiographic parameters (range of motion at the level of
prosthesis and the cranial adjacent segment, the interverte-
bral disc height of the adjacent segment, cervical lordosis,
heterotopic ossification) were evaluated during the study
period.

Results: Improvement in pain was significant and
sustained 5 year after the surgery (dVAS= 5.0, p < 0.05).
The segment of the prosthesis ultimately showed the preser-
vation of motion when compared with preoperative values
(the preoperativemeanflexion/extension ROMwas 8.2°while
the postoperative ROM was 7.6°). The mean cervical spine
lordosis was preoperatively 1.7°, postoperatively 16.2°
(p < 0.05). None of the patients has required further surgery
because of symptomatic adjecent segment disease.

Conclusion: The results of the study support the theo-
retic advantage of the use of hybird constructs in selected
cases. In our cohort, the 5-year clinical and radiological
outcome of the multilevel cervical hybrid surgeries are prom-
ising. However, long-term follow up studies are required to
prove its role in the surgical treatment of the multisegmental
degenerative cases.

GO146. Adjacent Segment Degeneration and Adjacent
SegmentDisease in Patientswith Cervical Arthroplastywith
5 Years Follow-Up
Abraham Isais1, Amado Gonzalez-Moga1, Hugo Santos2
1Spine Group from Department of Orthopedics and Traumatology,
ISSEMyM, Ecatepec, Mexico
2Unit of the Cerebral and Spinal Neurosurgery, Hospital Ruber, Madrid,
Spain

Introduction: Among the practical advantages of the
cervical arthroplasty, the preservation of themovement could
reduce the presentation of cases of adjacent segment disease
and adjacent segment degeneration compared with anterior
cervical fusion. It is estimated that ~90% of patients managed
with anterior cervical fusion will present a new onset or
progression of a degenerative adjacent levels, exhibiting
symptoms during the first 10 years. Currently there are
reports of reoperation of cases treated with this technique
due to the presence of nonunion, bone collapse, migration of
the implants and the development of adjacent segment
disease.

Material and Methods: During the period between
January 2005 and July 2010 were included 153 patients
with an average age of 47.69 years (range 40–60 years, 56
men), who had a diagnosis of symptomatic cervical disc
disease of 1 or 2 levels. All were treated by cervical arthro-
plasty prosthesis using the Mobi-C, Activ-C and ProDisc-C
systems, searching for the presence of adjacent segment
disease or degeneration according to the classification of
Hillbrand. The monitoring was performed with clinical exam-
ination and radiological control in all patientswith visits at 15,
30 and 60 days and periodically thereafter 6 months.

Results: The follow-up time was 60 months and only
11 cases (9.40%) of the 117 patients who were managed with
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radiculopathy in 1 level showed adjacent segment degenera-
tion during the 5 years of follow up. The average time that the
degeneration was observed was 30 months, without observ-
ing changes in the first year of follow-up in any of the cases. In
patients where 2 levels were handled, we found 3 cases of
degeneration (8.33%), drawing attention that these were
presented earlier manner (12–18 months) compared with
only 1 level affected group. We found 7 cases (5.98%) in which
adjacent segment disease was presented in patients with 1
level affected and 4 cases (11.11%) of involvement in patients
with 2 levels affected. It was observed that 81.81% occurred in
the upper segment and 18.19% in the lower segment. All
patients who developed adjacent segment disease required
revision surgery (11 cases), showing a positive trend during
the monitoring period. No infections, spinal injuries or dural
tears occurred. We did not observed the presence of collapse
or migration of the implants. No mortality was documented
during the study.

Conclusion: Cervical arthroplasty is an excellent tool
for management of cervical radiculopathy, favoring the inter-
vertebral movement and reducing stress, whereby the occur-
rence of adjacent segment degeneration and adjacent
segment disease are diminished compared with anterior
cervical fusion according to that reported in the literature.

GO147. Clinical and Radiological Outcome at the 10 Year
Follow Up of Total Cervical Disc Replacement
Christoph Mehren1, Franziska Heider1, Bernhard Zillner1,
Christoph Siepe1, Andreas Korge1, Michael Mayer1
1Schön Klinik München Harlaching Spine Center, Munich, Germany

Introduction: There is still a lack of facts about long
term impacts after implantation of a total cervical disc re-
placement (cTDR). The aim of this current analysis was to
evaluate the long- term clinical results and efficacy, the
radiographic findings of the index level as well as the adjacent
level in a cohort of cTDR patients treated with ProDisc C
(Synthes, Paoli, USA) 10 years after surgery.

Material and Methods: Clinical outcome scores and
patient satisfaction rates were acquiredwithin the framework
of an ongoing single center prospective non randomized
clinical trial. The patient`s employment status, complications,
reoperations and further treatments due to symptomatic
adjacent segment disease (ASD) were recorded. X-ray evalua-
tion included the incidence of heterotopic ossifications (HO)
according aswell as the rates and timingof ASD. Followupwas
recorded 1, 5 und 10 years after surgery.

Results: 38 patients were available for final FU, resem-
bling a 80,8% FU rate after a mean FU of 122,9 months. The
overall results revealed a highly significant improvement from
baseline VAS and NDI levels at all postoperative FU stages
(p < 0,0001). VAS scores demonstrated a statistically signifi-
cant improvement (VAS neck 6.4 to 1.9; VAS arm 6.3 to 2.1 at
the last FU). The NDI baseline values showed a stable improve-
ment (21/50 to 6/50). Patient satisfaction rates remained
stable throughout the postoperative course, with 78.9% of
patients reporting a `highly statisfactory`or a `satisfactory´
outcome in 21,1%. The radiographic results demonstrated a
noteworthy incidence of HO as well as a progression of the HO
in process of time. HOGrade I appeared in 10%, Grade II in 10%,
Grade III in 32%, and Grade IV in 26%. The overall complication
rate (excluding HO) was 12%. The incidence of ASD was 32.3%.
70% of ASDwere asymptomatic, none of the ASDpatients need
further surgery.Within this group of patients with ASD 80% of
the patients presented with a high-grade HO with loss or
reduced function of the prosthesis in the 5 year FU.

Conclusion: The results demonstrate that cTDR is a
viable treatment option resulting in improved clinical out-

comes and low rates of subsequent surgical procedures. The
progression of HO with a high amount of non functional TDR
may leads to the high figures of ASD.

GO148. Revision Surgeries Following Artificial Disc
Replacement of Cervical Spine: Analysis of 21 Cases
Jong-Beom Park1, Han Chang2, Jin S. Yeom3, Kyung-Soo Suk4,
Dong-Ho Lee5, Jae-Chul Lee6
1The Catholic University of Korea, Seoul, Republic of Korea
2Korea Hospital, Seoul, Republic of Korea
3Seoul National University, Seoul, Republic of Korea
4Yonsei University, Seoul, Republic of Korea
5Asan Medical Center, Seoul, Republic of Korea
6SoonChunHyng University, Seoul, Republic of Korea

Introduction: The use of artificial disc replacement of
cervical spine (C-ADR) has been advocated to preserve seg-
mental motion and to prevent adjacent segment disease as an
alternative to anterior cervical discectomy fusion (ACDF).
Previous studies reported satisfactory clinical and radiological
outcomes of C-ADR compared with ACDF. However, some
patients with C-ADR undergo revision surgeries due to failure
of C-ADR, such as persistence or recurrence of symptoms and
complications. Therefore, we performed the current study to
investigate causes and results of revision surgeries following
C-ADR.

Material and Methods: Twenty-one patients (13 males
and 8 females) were treated with revision surgeries for failure
of C-ADR and had a minimum 2-year follow-up. Causes for
revision surgeries were at least one of the following: 17 poor
patient selections (severe spondylosis), 7 insufficient decom-
pressions, 7 malpositions, 6 subsidences, 3 osteolysis, and 1
infection. The mean age was 52.8 years (range, 43–63 years)
and mean time to revision surgery was 21 months (range, 4–
84 months). During their initial surgeries, 14 patients under-
went single-level C-ADR, 2 two-level C-ADR, and 5 two-level
hybrid surgery for 16 radiculopathy, 3 myelopathy, and 2
adjacent segment disease. Clinical evaluation was done by
neck and arm visual analog scales (VAS) and Neck Disability
Index (NDI) score. Fusion status was evaluated by plain radio-
graphs including flexion and extension lateral radiographs.
Follow-up measurements were taken before surgery and
postoperatively at 1, 3, 6, and 12 months, 24 months as well
as at last follow-up. At the 24-month fololow-up, patients‘
overall satiafaction and final fusion status were evaluated by
Odom’s criteria and CT scan, respectively.

Results: Sixteen patients underwent anterior removal
of C-ADR (8 MobiC, 4 Discovery, 2 Bryan, 1 Prodisc-C, and 1
Prestige LP), one-level discectomy and fusion with plate
(N ¼ 11), two-level discectomy and fusion with plate
(N ¼ 3) or corpectomy and two-level fusion with plate
(N ¼ 2). Three patients with keel types of C-ADR (2 Prodisc-
C and 1 Prestige LP) and extensive heterotopic ossification
were treated by laminoforaminotomy with posterior fusion.
Two patients (2 Discovery)with kyphosis and severe bone loss
due to infection or severe subsidence were treated by com-
bined anterior and posterior approaches. NDI score and neck
and arm VAS were improved after revision surgeries at each
time point of follow-up. At the 24 months of follow-up, 86%
(N ¼ 18) of the patients was satisfied and 91% (N ¼ 19)
achieved solid fusion. However, 2 patients with pseudoarth-
rosis did not have sufficient pain to warrant the operative
repair of the psuedoarthrosis. Nomajor neurologic andwound
complicationswere developed except transient dysphagia in 6
patients with mean recovery time of 1.7 months (range, 1–4
months).

Conclusion: Revision surgeries can provide successful
outcomes in failure of C-ADR without major neurologic and
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wound complications. Our results suggest that careful patient
selection and meticulous surgical techniques, such as ade-
quate decompression, proper positioning of C-ADR, and pres-
ervation of subchondral bone, are important to avoid revision
surgeries for failure of C-ADR.

GO149. Surgical Treatment for Cervical Dislocation with
Quadriplegia in a Young Child Aged 5 Years Old: a Case
Report and Review of the Literature
Essam Elmorshidy1
1Department of Orthopedics, Assiut University, Assiut, Egypt

Introduction: Cervical dislocations with quadriplegia
are extremely rare in young children (5 years and less) and
many surgeons have no experience with this type of injury.
Here we report on a case of a boy 5 years old with dislocated
C3/C4 with incomplete quadriplegia and its treatment.

Material and Methods: The clinical and radiological
findings were described. Because closed reduction failed, we
decided to perform open reduction and fixationwith a simple
wiring technique through a posterior approach. We also
reviewed the related literature.

Results: There was a significant improvement in neu-
rological function during the follow-up period, and no com-
plications developed. Theboywas able towalk supported after
3 month although there is some residual spasticity

Conclusion: Cervical dislocation with quadriplegia in
young children is a great challenge. Closed reduction and rigid
immobilization remains the 1st choice, however surgery may
be indicated in children if closed reduction fails, marked
instability or neurological deterioration.

GO150. Predictors of Extended Hospital Stay after Cervical
Disc replacement or Anterior Cervical Discectomy and
Fusion: Results from 1,004 Patients in an FDA Trial
Aaron Greenberg1, Praveen Mummaneni2, S. Tim Yoon1
1Department of Orthopedic Surgery, Emory University, Atlanta,
Georgia, United States
2Department of Neurosurgery, University of California San Francisco,
San Francisco, California, United States

Introduction: Extended hospital stay after surgery is
costly to the healthcare system and can be distressing to the
patient and family. While many studies have shown that the
type of surgery influences length of hospital stay, there is a
paucity of data on factors that extend hospital stay after single
level anterior cervical surgery. We used the data from a large
series of patients involved in two FDA Trials comparing one
level cervical disc replacement to one level ACDF to identify
factors that contribute to prolonged hospital stay.

Materials/Methods: Data from 1004 patients involved
in the Investigational arm (n ¼ 518) and Control arm
(n ¼ 486) of the Brian/Prestige CDR Trial were analyzed.
The dependent variable of this analysis was LOS (length of
hospital stay). The independent variables analyzed for their
affect on LOS after CDR/ACDF included the following: Demo-
graphic characteristics, Preoperative efficacy measurements
(NDI, SF-36, etc.) Preoperative medical conditions and medica-
tion, Preoperative Neurologic Status (motor function, Nurick-
Gait, etc.) and Intraoperative factors (Operative time, EBL, etc.)
Subjects with a LOS (defined as date of discharge - date of
initial surgery) of zero days (same day discharge) or one day
(over-night discharge) were compared with those with a
length of stay greater than one day.

Results: An initial logistic regression analysis was
performed. Treatment groupwas found not to be a significant
factor in length of hospital stay between CDR and ACDF.

Because of this, a second logistic regressionmodelwas created
using all-comers data and included eight independent varia-
bles (Race, Tobacco Used, Weak Narcotic Medications, Arm
Pain Score, SF-36 MCS, Preoperative Sensory, Gait and Opera-
tive Time) identified to be significant (p-value < 0.05) in the
preliminary analysis. A total of 912 (90.84%) patients had a
Length of stay less than or equal to one day (onemidnight) and
92 patients (9.16%) had an extended length of stay greater
than one day (two or more midnights). Three variables were
determined to have a significant affect on increasing the
length of hospital stay: Weak Narcotic Medications Usage
(P=.021, O.R. 1.72), Nurick-Gait (P=.019, O.R. 1.796), and
Operative Time. In particular, Operative Time is was found
to be highly significant with p-value < 0.0001. With a one-
hour increase in the operative time, the odds of longer
hospital stay increase by 2.062. Comorbid factors such as
Cardiac, DM, other diseases were found not to affect the
hospital length of stay after CDR and ACDF.

Conclusion:We used the high quality data from a large
cohort of patients involved in FDA trials and found Nurick-
Gait, Operative Time, andHistory ofWeakNarcotic Usage to be
drivers of extended hospital stay. Importantly, we also found
that there is no correlation between comorbidities such as
Cardiac, DM, other diseases with length of hospital length of
stay after CDR and ACDF. These data may be useful in preop-
eratively counseling patients, developing quality metrics for
hospitals, and to help create financial models for cost/DRG
reimbursement for single level anterior cervical surgery.

GO151. A Five-year Prospective Clinical and Radiological
Review of a Semi-constrained Ceramic-Ceramic Cervical Disc
Replacement
Girish Swamy1, Konstantinos Mitsiou1, Filip Burget1, Shashi
Nanjayan1, Rajendranath Bommireddy1, Zdenek Klezl1
1Royal Derby Hospital, Derby, United Kingdom

Introduction:Artificial cervical disc replacement [CDR]
has emerged as a viable treatment alternative to fusion for the
management of symptomatic compressive radiculopathy and
/ or myelopathy. This paper evaluates the clinical and radio-
logical outcomes of patients treated with a second generation
semi-constrained CDR with a ceramic-ceramic articulation.

Material and Methods: We conducted a prospective
cohort study of all patients undergoing a cervical disc replace-
ment for cervical disc pathology, during the period from April
2007 to April 2010 using the Discocerv ceramic disc replace-
ment. 42 patients were available for final clinical and radio-
logical follow-up. Both, clinical and radiological evaluation
was performed at each clinical visit at 6 weeks, 6 months, 12
months and 2 years and 5 years.

Results: Three patients were lost for follow-up. C5-C6
was the commonest level. Therewere 34 single level cases and
8 two level cases. The NDI improved significantly (p < 0.05)
fromameanpreoperative score of 56% to a score of 20% atfinal
follow-up. The mean preoperative mobility at the index level
unit was 12.2 � 4.5°, this decreased to 7.9 � 3.2° at six weeks,
but slightly increased to 12.9 � 2.9° at 1 year (gain not
significant). Heterotrophic ossification [HO] was noted in 10
[23%] patients.

Conclusion: Based on our study of cervical disc re-
placement with a ceramic-ceramic bearing surface, this ap-
pears to be a viable option in the treatment of variety of
cervical pathologies. This ceramic-ceramic interface elimi-
nates potential problems like metallosis but further longer-
term results should be reported.
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GO152. Asymmetry of the Vertebral Body and Pedicles in the
True Transverse Plane in Adolescent Idiopathic Scoliosis
Rob Brink1, Tom Schlösser2, Dino Colo2, Koen Vincken3, Marijn
van Stralen2, Steve Hui4, Winnie Chu5, Jack Cheng6, René
Castelein2
1Department of Orthopaedic Surgery, Utrecht, The Netherlands
2University Medical Center Utrecht, Utrecht, The Netherlands
3Image Sciences Institute, University Medical Center Utrecht, Utrecht,
The Netherlands
4Department of Imaging and Interventional Radiology, Shatin, Hong
Kong
5Shatin, Hong Kong
6Department of Orthopaedics and Traumatology, Shatin, Hong Kong

Introduction: Several studies have reported asymme-
try of the vertebral bodies and between the concave and
convex pedicles in AIS. There is ongoing debate about its
magnitude and whether this caused by a primary growth
disturbance, or is secondary to inherent asymmetrical loading
within the curvature. The objective of this study is to quantify
the asymmetry of the vertebral bodies and pedicles in the true
transverse plane in adolescent idiopathic scoliosis (AIS) and to
compare this with normal anatomy.

Materials and Methods: Vertebral body and pedicle
asymmetry in the primary thoracic and lumbar curves were
evaluated in the true transverse plane of the vertebral bodies
on computed tomographic scans of 77 AIS patients with
primary curves between 51–105° (thoracic) and 41–88° (lum-
bar). Magnitude of asymmetry was compared with the cor-
responding vertebrae in 32 non-scoliotic controls. Vertebral
body asymmetry was defined as the percentage of left-right
overlap of the vertebral endplates (i.e., 100% indicating perfect
symmetry, 0% complete asymmetry). Additionally, the pedicle
width and length, length of the ideal pedicle screw trajectory,
transverse pedicle angle as well as amount of axial rotation
were calculated for each level.

Results: Vertebrae showed asymmetry both in scoli-
otics and controls. In thoracic scoliosis, throughout the curve
from end vertebra to end vertebra, there was on average
significantly more asymmetry than in the controls over the
same vertebrae (96.0% in AIS versus 96.4% in controls;
p ¼ 0.005). The asymmetry was more pronounced around
the apex (95.8%) than at the end vertebrae (96.3%; p ¼ 0.031).
The lumbar vertebral bodies in AIS showed a similar pattern,
with asymmetry being more pronounced than in controls
(95.8% versus 97.2%; p < 0.001), but without significant dif-
ference between the apex and the end vertebrae. In the
thoracic apex; the concave pedicle was significantly thinner
(4.5 versus 5.4mm; p < 0.001) and longer (20.9 versus
17.9mm; p < 0.001) than the convex one, the length of the
ideal screw trajectory was longer on the concavity (43.0
versus 37.3mm; p < 0.001) and the transverse pedicle angle
was greater (12.3 versus 5.7°; p < 0.001). In the lumbar apex,
the concave pediclewas shorter than convex (21.9 versus 24.5
mm; p < 0.001) and its transverse pedicle angle was greater
(16.5 versus 9.5°; p ¼ 0.015), there was no significant differ-
ence in pedicle width and the length of the ideal screw
trajectory between concave and convex in the lumbar apex.
The amount of axial rotationwithin the curve did not correlate
with the vertebral asymmetry.

Conclusions: Even in non-scoliotic controls, there is a
slight degree of asymmetry in the true transverse plane of
vertebral bodies and pedicles. This vertebral and pedicle
asymmetry, however, was slightly more pronounced in mod-
erate to severe scoliosis patients, mostly around the rotated
apical zones, with concave pedicles being thinner and longer.
No linear relation between the amount of axial rotation and

asymmetry could be observed in these severe AIS patients,
suggesting that asymmetrical vertebral growth does not
initiate rotation, but rather follows it as a secondary
phenomenon.

GO153. Correlation between Spinal Coronal Profile and
Proximal Femur Bone Mineral Density in Adolescent
Idiopathic Scoliosis
Ali Andalib1
1Department of Orthopaedia, Isfahan Medical University, Isfahan,
Islamic Republic of Iran

Introduction: Although Adolescent Idiopathic Scoliosis
patients have lower BoneMineral Density (BMD) but relation-
ship between BMD and curve pattern, intensity of curve, or its
progress in these patients is controversial. Some studies have
shown a significant differencebetween left and right proximal
femur BMDs in AIS patients. Since the curve pattern relation-
ship with density of bilateral proximal femur has not been
identified, this study aims to investigate the relationship
between Spinal Coronal Profile and differences in BMD on
either sides of proximal femur in patients with AIS.

Material and Methods: This study is prospective and
included 50patients with AIS who underwent posterior or
anterior and posterior correction and fusion surgery between
December 2013 and december 2014. Themean age at the time
of surgery was 16.6� 5.8 years. Bilateral proximal femur BMD
and Z-score was calculated before surgery by dual-energy X-
ray absorptiometry. We evaluated correlations between coro-
nal parameters, obtained from preoperative radiographs, and
the BMD ratio using Paired Samples Test analysis.

Results: Patientswith Lenke type 1 curve (28; allwith a
right convex curve)have no significant difference between
bilateral proximal femur density but in patients with Lenke
type 5curve(22;all with a left convex curve)have greater bone
mineral density on right side(concave).

Conclusion: The bilateral proximal femur BMD differ-
ence was significantly correlated with the coronal balance in
AIS patients. When the patient have coronal imbalance the
proximal femur BMD was greater in the concave side.

GO154. The Choice of Lower Instrumented Vertebra in AIS
Comparison of Lenke, Suk and Dubousset Criteria
Khalil Kharrat1, Amer Sebaaly1, Maroun Rizkallah1, Gaby
Kreichati1
1Hotel Dieu de France, Beirut, Lebanon

Background: Distal extension of the selective fusion in
AIS is currently among the most explored topics in literature
especially for Lenke type 1 and 2 curves and a lot of variability
in the distal extension of the fusion is noted among different
specialized centers around the world.

Methods: This is a retrospective descriptive study
examining 41 Adolescent Idiopathic Scoliosis (AIS) cases
(Lenke type I or II curves) undergoing posterior selective
fusion with a minimum follow up of 2 years. We assessed
the concordance between Dubousset’s, Lenke’s and Suk’s
criteria in the choice of the Lower Instrumented Vertebra
(LIV). Baseline and post-operative X-rays of 41 AIS patients
presenting with Lenke type I or II curves treatedwith selective
fusion were studied. For each patient, the LIV is determined
according to Dubousset’s, Suk’s and Lenke’s criteria. Based on
these results, patients are divided into two groups. “Group 1”
includespatientswhere LIV designated byDubousset’s criteria
is identical to the LIV designated by Lenke’s or Suk’s criteria.
“Group 2” includes patients where the LIV dictated by Du-
bousset’s criteria is more distal when compared with the LIV
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dictated by Lenke’s and Suk’s criteria. The charts of those 41
patients are reviewed at their last post-operative follow-up.
The primary outcome measure used to compare those differ-
ent groups is the frontal balance. The secondary endpoints are
the (1) AP Cobb angle of the thoracic curve, (2) the AP Cobb
angle of the lumbar curve, (3) the improvement of the Cobb
angle of the thoracic curve (% ACT), (4) the improvement of the
Cobb angle of the lumbar curve (% ACL), (5) the AP and lateral
inclination of the LIV, (6) the AP lumbar Apical Vertebral
Translation (AVT-L) and (7) the lateral Cobb angle of D5-D12.

Results: The LIV recommended by Lenke and the one
recommended by Suk’s criteria are identical in 70% of cases.
The match between the choice based on Dubousset’s criteria
and the choice accounted by Lenke’s or Suk’s criteria is
obtained for 70% of patients also. In 20% of cases, the LIV
recommended by Dubousset’s criteria is more distal than the
one recommended by Lenke and Suk. Groups’ comparison.
Preoperatively, the comparison between groups 1 and 2 for
the frontal balance and for the secondary endpoints shows no
difference. Similarly, non-statistically significant difference
was found between both groups for the primary and the
secondary endpoints in the immediate post-operative setting
and on the last follow-up.

Conclusions: The 70% accordance rate between Du-
bousset’s criteria and those of Lenke and Suk attributes some
validity to Dubousset’s criteria. Thus, the statistical study
showing no evolution toward a postoperative coronal imbal-
ance or toward a worsening of other structural criteria of the
spine curvatures in group 2, which is discordant with the
recommendations of Lenke and Suk, prove the validity of the
selection criteria of the LIV according to Dubousset. These
same results also show that a more extensive distal correc-
tion-fusion does nothing for the frontal balance in the imme-
diate postoperative setting, and even after several months of
follow-up.

GO155. Low-density Pedicle Screw Constructs for
Adolescent Idiopathic Scoliosis: Evaluation of Effectiveness
and Cost
Oliver Tannous1, Ehsan Jazini1, Kelley Banagan1, Eric Belin1,
Daniel Gelb1
1Department of Orthopaedics, University of Maryland Medical Center,
Baltimore, Maryland, United States

Introduction: Optimal screw density and technique in
treatment of idiopathic scoliosis remain unknown.We sought
to find if low-density (LD) screw construct can achieve curve
correction similar to that achieved with high-density (HD)
constructs in adolescent scoliosis at substantial cost savings.

Materials andMethods: Patients treated operatively for
idiopathic scoliosis at our center between 2007 and 2011were
identified through a retrospective database review. Each
patient was treated with an LD screw construct. Radiographic
outcomes included assessment of screw density, percent
correction of major and fractional lumbar curves at follow-
up, T5�T12 kyphosis, and angle of lowest instrumented
vertebra (LIV). Costs were calculated and comparedwith costs
of HD constructs.

Results: Forty-five patients met inclusion criteria. Ages
ranged from 12 to 19 years (mean age, 14.9 years). Average
construct density was 1.2 screws per fused level (range,
1.07�1.33 screws). Mean percent curve correction at latest
follow-up: major curve, 67.2%; fractional lumbar curve, 69%.
Average postoperative thoracic kyphosis: 30 degrees. Mean
LIVangle: 5.6 degrees. Total screwcost was $13,370 per case in
the LD group compared with $22,340 per case if all levels had
been instrumented with 2 screws.

Conclusions: Our LD screw construct is among the
lowest density constructs reported in the literature and
achieves curve correction comparable to that reported for
HD constructs at substantially lower cost.

GO156. The Physical and Mental Health in the Conservative
Treatment of the Idiopathic Scoliosis
Panagiotis Diaremes1, Evangelos Christodoulou1, Konstantinos
Kafchitsas1, Anastasios Christodoulou2, Panagiotis Symeonidis3
1Department of Spinal Surgery, Asklepios Clinic Lindenlohe,
Schwandorf, Germany
2Department of First Orthopaedic, Aristotle University of Thessaloniki,
G. Papanikolaou General Hospital, Exohi, Thessaloniki, Greece
3Private Practice, Thessaloniki, Greece

Introduction: Idiopathic scoliosis may lead to physical
and psychosocial impairment as it mostly appears before and/
or during puberty. Both ability of young patients to confront
the stress of a chronic disease and self esteem, affect their
psychosomatic development and their future quality of life.
Purpose of this study was to describe and evaluate health
associated quality of life in patients with idiopathic scoliosis.

Material and Methods: In this study the physical and
mental health of 69 young patients with idiopathic scoliosis
was compared with a control group of the same age. The
patients were treated with a Cheneau brace because of
Idiopathic scoliosis with Cobb angles between 15°and 40°.
We used a modified short form 36 questionnaire. We evaluat-
ed the eight sections of the SF-36 questionnaire in both groups
(vitality, physical functioning, bodily pain, general health
perceptions, physical role functioning, emotional role func-
tioning, social role functioning, mental health). The statistical
analysis was performed with the Sigma Plot software.

Results: In comparison to the coeval control group
(mean age 17,9 years) the group with idiopathic scoliosis
(mean age 18,1 years) showed significant higher bodily pain
levels.We did not observe any significant differences between
the two groups in the sections of vitality, physical functioning,
general health perceptions, physical role functioning, emo-
tional role functioning, social role functioning and mental
health.

Conclusion: According to our results, bodily pain is
more intense by conservative treated patients with idiopathic
scoliosis as in the control group. Nevertheless, psychological
and psychosocial adjustment of these patients is the same as
their contemporaries without significant differences.

GO157. Comparison of Surgical Outcomes by the Age at the
Time of Surgery in the Treatment of Congenital Scoliosis:
More than 10-year Follow-up
Dong-Gune Chang1, Jin-Hyok Kim1, Ki-Ho Na2, Jung-Hee Lee3,
Se-Il Suk1
1Department of Orthopaedic Surgery, Inje University Sanggye Paik
Hospital, Seoul, Republic of Korea
2Department of Orthopaedic Surgery, St. Paul's Hospital, Seoul,
Republic of Korea
3Department of Orthopaedic Surgery, Kyung Hee University Hospital,
Seoul, Republic of Korea

Introducion: There is little information reported about
the long term follow-up of surgical outcomes that pertain to
the timing of surgery for congenital scoliosis in children under
age 20 years. This study is to compare the surgical outcomes of
posterior vertebral column resection (PVCR) for congenital
scoliosis in children less than 20 years of age.

Materials and Methods: Forty-five congenital scoliosis
patients (N ¼ 45) under age 20 at the time of surgery were
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treated by PVCR and fusion with PSF. These cases were
retrospectively studied and had a minimum 10-year follow-
up. We assigned patients into two groups: Group 1 (N ¼ 19)
patients who had surgery before 10 years of age, Group 2
(N ¼ 26) those who had surgery after 10 years of age.

Results: In Group 1, the mean Cobb angle of the main
curve was 44° before surgery, 10.2° after surgery, and 14.2° at
last follow-up. In Group 2, the mean Cobb angle of the main
curve was 48.7° before surgery, 17.2° after surgery, and 20.4°
at last follow-up. The mean operative time was 189 minute
(range: 70 to 405 minute) in Group 1 and 245 minute (range:
80 to 395 minute) in Group 2. The mean estimated blood loss
(EBL) was 1285 mL (range: 270 to 3000 mL) in Group 1 and
2376 mL (range: 600 to 6000 mL) in Group 2. The mean fused
segments were 3.3 in Group 1 and 4.6 in Group 2.

Conclusions: In congenital scoliosis patients, PVCR is an
effective procedure for the management of congenital scolio-
sis under age 20. PVCR and fusion with PSF for congenital
scoliosis before the age of 10 years had significantly better
deformity correction comparedwith the group after the age of
10 years and did not cause crankshaft phenomenon. Themean
operative time and EBL in children under age 10 were both
significantly less compared with children between 10 and 20
years of age.

GO158. Coronal and Sagittal Plane Correction in Adolescent
Idiopathic Scoliosis (AIS) using All Pedicle Screw versus
Hybrid Instrumentation. A Systematic Review
Wael Mostafa1, Mohammad El-Sharkawi1, Wael Koptan2, Manal
Darwish3, Nasir Quraishi4
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Orthopaedic Surgery, Cairo University, Cairo, Egypt
3Department of Public Health and Community Medicine, Assiut
University, Assiut, Egypt
4Centre for Spinal Studies and Surgery, Nottingham, United Kingdom

Introduction: Using all pedicle screw (APS) technique
for the treatment of AIS is said to bemore effective than hybrid
instrumentation (HI). However this has not been proven yet.
This systematic reviewon studies comparing all pedicle screw
and hybrid instrumentation in the treatment of AIS tries to
answer this question.

Material and Methods: Pubmed and Medline Data-
bases have been searched for articles from 1990 to June
2015 using the keywords “adolescent idiopathic scoliosis,”
“hybrid” and “screw.” Only papers with full text in English
were reviewed. Eleven articlesmet the inclusion criteria (only
adolescent idiopathic scoliosis, main thoracic and thoraco-
lumbar curves, posterior instrumentation and fusion only i.e.,
no anterior release, at least 2 of the parameters evaluated is
mentioned preoperative and at final follow up “one coronal
plane parameter and one sagittal plane parameter”). Ten of
the articles were retrospective cohort studies and one was a
prospective cohort study. Level of evidence for all of themwas
3. The following parameters were evaluated preoperative and
at final follow up: thoracic kyphosis, main thoracic Cobb’s
angle, coronal correction ratio, global sagittal balance and
global coronal balance. The followup duration ranged from2 –
5 years. Meta-analysis could not been performed because of
the heterogeneity of the data.

Results: The total number of patients was 614 (306
APS, 308 HI). The only significant difference found was the
coronal correction ratio (67.71% in APS vs 58.34% in HI,
p ¼ 0.001). Thoracic kyphosis changed from 24.5° to 21.3°
in the APS group and from 25.4° to 23.6° in the HI group
(p ¼ 0.419). Global coronal balance changed from 15mm to
8.8mm in the APS group and from 14.6mm to 8.9mm in the HI

Group (p ¼ 0.811). Global Sagittal Balance changed from (-7)
mm to (-4.6)mm in the APS and from (-1)mm to (-3.6)mm in
the HI group (p ¼ 0.344).

Conclusion: Using all pedicle screw technique for the
treatment of AIS may achieve better coronal plane correction.
Contrary to the common belief, the use of Hybrid instrumen-
tation does not lead to a better sagittal correction than all
pedicle screw technique.

GO159. Selection of Lowest Instrumented Vertebra in the
Management of Thoracolumbar and Lumbar Adolescent
Idiopathic Scoliosis using Pedicle Screw Instrumentation
Umair Nadeem1, Abdullah Shah1, Atiq uz Zaman Zaman2, Amer
Aziz1
1Department of Orthopedics and Spine Surgery, Ghurki Trust Teaching
Hospital Lahore, Lahore, Pakistan
2

Introduction: The aim of surgical treatment for adoles-
cent idiopathic scoliosis (AIS) is correction of the three dimen-
sional deformity, achievement of stability and preservation of
as many distal motion segments as possible. In Thoracolum-
bar/ Lumbar adolescent idiopathic scoliosis (TL/L AIS) correc-
tion of C-shaped coronal curve into S-shaped saggital curve is
a considerable challenge to a spine surgeon. In this regard,
selection of Lowest Instrumented Vertebra (LIV) is of particu-
lar importance and remains controversial in literature. We
conducted a retrospective study involving Lenke V patients to
determine the exact distal fusion level (LIV) in the manage-
ment of thoracolumbar/lumbar adolescent idiopathic scoliosis
(TL/L AIS) using pedicle screw instrumentation.

Material and Methods: Analysis of radiographic
parameters of 32 TL/L AIS was done. The patients were
grouped according to the Lowest Instrumented Vertebra;
Group I (fusion to L3, n ¼ 25) and Group II (fusion to L4,
n ¼ 7). The Group I was subdivided into Group IA (L3 crosses
the mid-sacral line with rotation of less than grade II on
bending films, n ¼ 14) and Group IB (L3 does not cross the
mid-sacral line or rotation is grade II ormore on bendingfilms,
n ¼ 11). All of the patients in the Group II had the same
location and rotation of L3 in bending films as that of patients
in the Group IB. Patients with lowest instrumented vertebral
tilt (LIVT) of more than 10° or coronal balance ofmore than 15
mm were considered to have unsatisfactory results.

Results: In these 3 groups, there was a significantly
lesser correction in the TL/L curve and LIVT in the Group IB.
Unsatisfactory resultswere obtained in 1 patients (7.1%) of the
Group IA, in 7 patients (63.3%) of the Group IB, and in 1 patient
(12.5%) of the Group II, which was found to be statistically
significant.

Conclusion: In TL/L AIS patients undergoing treatment
with pedicular screw instrumentation, the curve can be fused
to L3 with good radiographic outcomes when L3 crosses the
mid-sacral line with rotation of less than grade II on bending
films. Otherwise, L4 should be selected as the Lowest Instru-
mented Vertebra.
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GO160. Postoperative Evaluation of Sagittal Spinal Balance
in Lenke 1A and 5C Type of Adolescent Idiopathic Scoliosis: A
Prospective Study
Andriy Mezentsev1, Dmytro Petrenko1, Dmytro Demchenko1,
Vijaykumar Krishnappa2
1Department of Paediatric Orthopedics, Sytenko Institute of Spine and
Joint Pathology, AMS, Kharkiv, Ukraine
2Department of Orthopedics and Traumatology, Sytenko Institute of
Spine and Joint Pathology, AMS, Kharkiv, Ukraine

Introduction: The aim of the study to evaluate the
effect on sagittal spinal balance parameters postoperatively
between short segment Bone-On-Bone anterior spinal fusion
(ASF) and selective posterior spinal fusion (PSF) treated
adolescent idiopathic scoliosis (AIS) (Lenke1A & 5C) patients.

Material and Methods: This prospective study evalu-
ates radiographs (lateral and AP view) for sagittal spinal
balance parameters pre and postoperatively on 36 AIS (Len-
ke1A & 5C) patients, who were divided into two groups of 18
each according to the treatment underwent in a single clinical
institute since 2006–2013.Group 1 underwent short segment
Bone-On-Bone ASF (mean age 17 years, 12–25) and Group 2
with selective PSF (mean age 16 years, 12–27).

Results: In Group 1, lumbar lordosis and sacral slope
decreased (mean pre-op 50.4 & 38.6 to mean post-op 36.0 &
35.4), pelvic tilt increased (mean pre-op 12.8 tomean post-op
14.5), whereas thoracic kyphosis and pelvic incidence were
similar enough to pre-op values.

In Group 2, lumbar lordosis, sacral slope, pelvic inci-
dence and pelvic tilt were decreased(mean pre-op 41.9, 35.5,
56.1 & 16.0 to mean post-op 34.1, 29.7, 52.7 & 12.1), whereas
thoracic kyphosis similar enough to pre-op value.

Conclusion: According to our study, no significant
difference found in sagittal spinal balance parameters post-
operatively on radiographs between two groups except with
slight decrease in lumbar lordosis post-op mean value in both
groups. So, our study suggest that short segment Bone-On-
Bone ASF and selective PSF procedures do not affect the
sagittal spinal balance significantly in the treatment of Len-
ke1A and 5C type AIS cases postoperatively.

Surgical Complications 1

GO161. Junctional Kyphosis after Long Segment Fusion
Mohammad El-Sharkawi1, Wael Gad1, Amer Elkott1, Hamdy
Tammam1, Mohamed El-Meshtawy1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt

Introduction: The incidence of junctional kyphosis (JK)
varies in the literature from 7% to 40%. We here present our
experience with JK. The aim of this work is investigate the
incidence of JK after long spinal segment fusion, to identify the
underlying factors leading to its development, and to discuss
treatment outcome.

Patients and Methods: This combined retrospective/
prospective cohort study included sixty-four consecutive
patients (40 women and 24 men) with a mean age of 20.7
years, who underwent long segment spinal fusion (� 5
vertebrae) for treatment of spinal deformity. The average
length of follow-upwas 2 years. Risk factors analyzed included
patients' factors, surgical factors, and radiographical param-
eters such as thoracic kyphosis (TK), lumbar lordosis (LL),
sagittal vertical axis, pelvic tilt, and pelvic incidence.

Results: Radiological JK occurred in 14 patients (22%).
Ten cases were proximal junctional kyphosis (PJK), two cases
were intercalary junctional kyphosis (IJK), and two caseswere
distal Junctional Kyphosis (DJK). Only seven patients (50%) out

of the 14with JKwere symptomatic. Six cases have undergone
revision surgery. In nine cases, the original deformity was
kyphosis (1 Ankylosing spondylitisS, 1 post-tuberculous, 3
Sheuermann's kyphosis, 4 congenital kyphosis). The other 5
cases were scoliosis (3 idiopathic and 2 congenital). Preoper-
ative TKmore than 40 °was associatedwith PJK. In all cases PI,
PT, SS, SVAwere within normal range, but it was noticed that
SVA had negative values in 5 cases. LIV in the dorsolumbar
junction was associated with DJK.

Conclusion: Pre-existing TK more than 40°was identi-
fied as an independent risk factor. Negative sagittal balance
may be a risk factor for PJK. A surgical strategy to minimize
Junctional kyphosis may include careful preoperative plan-
ning for reconstructions with a goal of optimal postoperative
alignment.

GO162. Intra- and Perioperative Complications with the
Minimally Invasive Antero-lateral Approach (OLIF) to the
Lumbar Spine
Christoph Mehren1, Daniel Sauer1, Christoph Siepe1, Michael
Mayer1, Andeas Korge1
1Schön Klinik München Harlaching Spine Center, Munich, Germany

Introduction: Anterior lumbar fusion is a common
treatment option for a variety of pathologies. In the last years
minimally invasive anterior approach techniques are consid-
ered standard. One of them, the extreme lateral transpsoas
approach (XLIF) has become popular in the last years. Within
this XLIF-approach neuromonitoring is consideredmandatory
to avoid neurological complications. An alternative lateral,
oblique, psoas-sparing approach has been described in 1997.
This approach, recently named OLIF (oblique lumbar inter-
body fusion), has been routine in our center over 15 years. The
aim of the studywas to evaluate the rate of intraoperative and
perioperative complications of this antero-lateral ante psoas
approach.

Material and Methods: A retrospective chart review
was performed in a consecutive series of 812 patients who
underwent minimally invasive anterolateral lumbar fusion in
our institution between 1998 and 2010. Each patients record
was reviewed by an independent observer. Patients demo-
graphics, diagnosis, co-morbidities, operative procedures,
levels of surgery, operating time, intra- and perioperative
complications etc. were analyzed.

Results:All patientswere operated through a left-sided
minimally invasive retroperitoneal oblique approach (OLIF)
between L1 and L5. Indications for surgery were DDD, vertical
and translational instabilities, tumor, fracture and revision
surgeries. The mean age of patients was 61.5 years (16–88;
317 females, 495 males). Surgery was performed in 1205
levels and 62.3%were single level (n ¼ 506) procedures. In the
majority of the cases OLIF was part of a 360° fusion either
dorsoventral (n ¼ 729) or ventrodorsal (n ¼ 65). In 18 cases a
stand-alone anterior procedure was performed. Operating
time averaged 110 minute. (range 30–410 minute) including
the multilevel cases. The overall complication rate in direct
relationship to the OLIF approach was 3.7% (30/812). The
access-related intraoperative complications consisted of 3
vascular injuries (0.37%) and 3 radicular sensomotoric deficits
(0.37%). In 6 cases (0.74%) we observed sensoric deficits
combined with pain as donorside morbidity while harvesting
a tricortical bone block out out the anterior iliac crest within
the same approach. There were no abdominal or urological
injuries. In the early postoperative period we experienced 2
superficial (0.24%) and 3 deep (0.37%) wound infections, 5
superficial (0.62%) and 6 deep (0.74%) hematomas. In 2 cases a
postoperative paralytic ileus occurred.
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Conclusion: This retrospective study reports about the
access-related intraoperative complications of a large series of
OLIF cases of the levels L1-L5 performed in a single center
through a standardized left sided approach. The risk of
neurolgical complications seems to be significantly lower
compared with what is described with the extreme lateral
transpsoas approach (XLIF). The risk of vascular, abdominal or
urogenital injuries is low. There was no necessity for intra-
operative neuromonitoring nor was there a necessity for a
vascular surgeon. The OLIF is an easy and safe appoach for
anterior lumbar interbody fusion from L1-L5 for a variety of
pathologies.

GO163. Vertical Expandable Prosthetic TitaniumRib (VEPTR)
Complications
Islam Abouyoussef1, Norberto Ventura2
1October 6 University Hospital, Cairo, Egypt
2Sant Juan de Deu Hospital, Barcelona, Spain

Introduction: This retrospective study evaluates the
complications and radiographic results of 30 patients treated
with VEPTR for correction of complex spine deformities in
children.

Material and Methods: 30 cases of spine deformities
followed up for aminimum of 2 year andmaximumof 7 years,
were retrospectively reviewed. 8 congenital malformation of
spine, 3 infantile scoliosis and the others were spinal defor-
mities associated with; spinal cord tumors, osteogenesis
imperfecta, Jarcho Levin syndrome, spinal muscular atrophy,
arthrogriphosis,myelomeningocele and congenitalmyopathy.
The age at surgery varied between 2 and 12 years (6.65). We
studied the postoperative change in cobb’s angels (in antero-
posterior and lateral views), space available for lung (SAL) and
complication patterns in relation to number of lengthening
operations.

Results: Complications: the complications rate was
(36.6%). Complications varied from mortality “one case
(3.3%)” to skin sloughing, surgical site infection, junctional
kyphosis, metal failure, and pelvic hook migration. The aver-
age Cobb’s angles preoperatively in the antero-posterior view
were 86.8°, while the postoperative average was 55° (average
correction 31.8°). The average (SAL %) was 82.3% preopera-
tively, and has been improved to become 93.5%
postoperatively.

Conclusion: VEPTR represents a good alternative to
“spine to spine growing rod techniques” and vertebral column
resections “VCR” in spite of its complications rate with regard
to the nature of deformity and number of “lengthening
reoperations,” however it should be used in well selected
cases.

GO164.WhyDoes C5 Palsy Occur After Prophylactic Bilateral
C4-5 Foraminotomy in Open-Door Cervical Laminoplasty? A
Risk Factor Analysis
Gabriel Liu1, Ma. Ramona Reyes1, K. Daniel Riew2

1Department of Orthopaedic Surgery, University Spine Center,
Singapore, Singapore
2Department of Orthopaedic Surgery, Columbia University Medical
Center, New York, New York, United States

Introduction: Prophylactic bilateral foraminotomy has
been shown to reduce the risk of C5 palsy after open-door
laminoplasty surgery. However, it does not totally eliminate it.
Other factors such as inherent cord pathology may play a role
in its development.

Material and Methods: A retrospective review to eval-
uate the efficacy of bilateral C4–5 foraminotomy in preventing

occurrence of postoperative C5 palsy and to identify possible
risk factors for its development was performed. A total of 70
consecutive patientswho underwent open-door laminoplasty
with bilateral C4–5 foraminotomy were included. Clinical,
radiographic, and operative data were reviewed. Develop-
ment of postoperative C5 palsy was analyzed.

Results: Fifty-four males and 16 females were re-
viewed. Mean age was 56 years (range, 30–86 years). The
primary pathology was spondylosis in 76% of cases and
ossified posterior longitudinal ligament in 21%. Radiographic
evidence of C4–5 foraminal stenosis was seen in 81% of the
patients. The mean duration of preoperative symptoms was 7
�19months. Four (5.7%) out of 70 patients developed C5 palsy
after open-door laminoplasty with bilateral C4–5 foraminot-
omy. Multivariate analysis showed that a long duration of
preoperative symptoms (> 12 months) and the presence of
preoperative C4–5 T2-MRI cord signal change were statisti-
cally significant risk factors for the development of C5 palsy
even after bilateral C4–5 foraminotomy in open-door lami-
noplasty (p < 0.0001 and P 0.036 respectively).

Conclusion: While bilateral C4–5 foraminotomy may
reduce post-laminoplasty C5 palsy when compared with the
historical cohort, foraminotomies do not eliminate C5 palsy
occurrence. Prolonged duration of symptoms and presence of
preoperative T2-MRI cord signal change increased the risk for
developing postoperative C5 palsy in laminoplasty patients
who underwent bilateral C4–5 foraminotomy.

GO165. Efficacy of a Postoperative Infection Prevention
Protocol in Spine Surgery
Samuel Pantoja1, Felipe Luna1, Beatrice Hervé2, Cecilia
Gutierrez3, Roberto Postigo1
1Centro de Columna Clinica Las Condes, Universidad de Chile,
Santiago, Chile
2HealthCare Associated Infection Committee Chief Microbiologist,
Clínica Las Condes, Santiago, Chile
3HealthCare Associated Infection Committee Chief Nurse, Clínica Las
Condes, Santiago, Chile

Introduction: post operatory wound infection is an
unwanted complication of spine surgery. Infection rate ranges
from 2.1 to 5.5%, and the consequences in some cases can be
devastating for the patient and for the medical team.

Material and Method: we compare post-operative
wound infection incidence before and after the implementa-
tion of a wound infection prevention protocol specific for
major spine surgery established in our Center in collaboration
with the HealthCare Associated Infection Committee (HCAIC).
Post operatory wound infection incidence was reviewed for 4
years after implementation. The protocol consisted on a 28
point check list, that included: skin preparation with chlor-
hexidine one day before surgery at home, and at entrance the
morning of the surgery; strict control of blood glucose under
200mg/dL before surgery; programming instrumented sur-
geries preferably as the first surgery of the Operating Room
(OR); ORwith laminar air flow; OR temperature between 18°-
22°C during surgery (64.4°-71.6°F); skin preparation with
alcohol-based chlorhexidine and covering with adherent
antimicrobial incise drapes at surgery; Cefazolin prophylaxis
(or Clindamycin in case of β-lactam antibiotics allergy) no
more than 60 minutes before skin incision and a new dose
every 3 hours during surgery; strict control of patient tem-
perature at 36°C(96.8F)with the aid of warming blankets (Bair
Hugger®); maintaining a target Hemoglobin of 7–9 g/dL with
restriction of blood transfusion indication; hematocrit and
glycemia control after surgery and the morning after.

Results: After the introduction of the protocol we
found a progressive reduction in the post operatory wound

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS108



infection rate in spinal surgery from 2.89% in 2009 (before the
protocol), to 2,5% in 2010, 1,71% in 2011 and 1.56% in 2012.
During the surveillancemadeby theHCAIC,we observed a rise
in the infection rate during 2013 (2.02%)whichwas associated
with breaches in protocol adhesion. The relevance of the check
list control by the OR nurse was reinforced and the strict
control of patient temperature at 36°C(96.8F) with warming
blankets used before, during surgery and in recovery room
was added. With this new update and more strict control of
protocol adhesion, we reduced the infections rate to 0.95% in
2014.

Conclusion: We consider that a wound infection pre-
vention protocol specific for spine surgery, with proper sur-
veillance and strict follow-up, is an effective way for reducing
the infection rate in spine surgery. Although, themicrobiolog-
ical environment for every center is different, we think that
this protocol can be used as a guide for centers were this
complication becomes an issue.

GO166. Intra-wound Vancomycin Reduces the Infection in
Growth-Friendly Spine Surgery
Justin Haller1, Andy Hulet1, Qian Ding2, Angela Presson2, John
Heflin1, John Smith1
1Department of Orthopaedics, University of Utah, Salt Lake City, Utah,
United States
2Division of Epidemiology, University of Utah, Salt Lake City, Utah,
United States

Introduction: Patients with Early Onset Scoliosis (EOS)
who require growth-friendly spine surgery are known to be at
high risk for infections and/or wound dehiscence. Several
studies in pediatric and adult patients undergoing spine
surgery have shown that vancomycin powder applied to the
wound before closure significantly reduces the risk of post-
operative infection. There are currently no studies that evalu-
ate the efficacy of intra-wound vancomycin in reducing
infection for patients undergoing growth-friendly spine
surgery.

Methods: Data from 116 patients in a prospectively
collected database with EOS of multiple diagnoses were
reviewed. Patients were divided into two groups. From May
2002 through June 2013, there were 1036 VEPTR procedures
in which no patient received intra-wound vancomycin. Be-
ginning in June 2013, there were 161 consecutive EOS proce-
dures having VEPTR surgery and all had intra-wound
vancomycin powder. Patient groups were compared based
on age, gender, diagnosis, type of surgery, ambulatory status,
and bowel/bladder incontinence. Additionally, complications
related to intra-wound vancomycin powder were reviewed.

Results: The pre- and post-vancomycin groups were
similar with regard to age, gender, diagnosis, ambulatory
status, and bowel/bladder incontinence. The groups were
significantly different with regard to type of surgery (Table
1). Prior to the use of intra-wound vancomycin, the infection
rate in VEPTR surgery was 5.7%. The patients receiving intra-
wound vancomycin had a significantly reduced infection rate
of 1.2%. (p < 0.031). Using multivariate logistic generalized
estimating equation model to control for surgery type, infec-
tion rate was lower in the patients who received intra-wound
vancomycin as compared with the patients who did not
receive intra-wound vancomycin (1.2% versus 4.4%,
p ¼ 0.066). There were no complications related to the ad-
ministration of intra-wound vancomycin.

Conclusion: Intra-wound vancomycin is safe and re-
duces infection rates for patients undergoing growth-friendly
spine surgery.

GO167. Factors Leading to a Poor Functional Outcome in
Spinal Meningioma Surgery: Clinical and Surgical Remarks
on 173 Cases
Antonino Raco1, Alessandro Pesce1, Giada Toccaceli1, Maurizio
Dominicucci2, Roberto Delfini2
1Department of Neurosurgery, A.O. Sant'Andrea, Sapienza University,
Roma, Italy
2Department of Neurosurgery, A.O. Policlinico Umberto I, Sapienza
University, Roma, Italy

Introduction: Spinal meningiomas are common spinal
tumors in most cases benign and with a good surgical prog-
nosis. However, specific location, infiltration of spinal cord,
vascular encasement or spinal root involvement can bring to a
less favorable prognosis. Aim of this work is to systematically
the influence of this factors in the neurological outcomes of
our patients.

Matherial andMethods: 224 consecutive patients with
spinal meningiomas treated from 1976 to 2013 in our institu-
tion were analyzed; among these 51 were excluded for
incomplete clinical data or follow up. The remaining 173 cases
were classified regarding to: sex, age, symptoms, axial loca-
tion, Simpson Grade resection, Functional pre/postoperative
status.

Results: Most recurring onset symptoms were pain
(32,9%) andmotor deficit (31,8%); Thoracic spinewas themost
severely affected (69,8%). The functional improvement on the
follow up was observed in 86,7% of cases, 6,4% of patients
resulted stable and 6,9% worsened; a low functional grade
before surgery was connected to a lesser improvement after.
Anterolateral meningiomas were the most represented
(42,2%); a gross total resection (Simpson Grade I and II) was
conducted in 98,8% and a macroscopically complete removal
without dural resection or coagulation (Simpson III) was
performed in 1,2%. 98,3% of meningiomas were classified as
Grade I WHO. Recurrence rate was of 2,3% and 7 cases
presented complications (4 of 7 required surgical procedure).

Conclusions: We can adfirm that negative prognostic
factors in our study were: anterior or antero-lateral axial
topography, long-lasting symptoms before diagnosis, WHO
Grade > I, Simpson Grade resection II and III, sphincter in-
volvement and worse functional grade at onset.

GO168. Incidental Dural Tears during Lumbar Surgery:
Incidence and Management
Omar Elfalaky1, Ashraf Elzarief1
1Department of Neurosurgery, Cairo University, Cairo, Egypt

Background: In spite of the fact that Incidental dural
tears (IDTs) is being a well known intra-operative complica-
tion during lumbar surgery, true incidence is not accurately
known, and different techniques have been suggested for
management.

Aim of the Work: Detect incidence of incidental dural
tears (IDTs) in lumbar surgery with evaluation of our intra-
operative technique used for management.

Materials and Methods: A total number of 834 degen-
erative lumbar spine cases were reviewed, during the period
from 2008 till 2013 in our institutions. Among those cases 191
were recurrent cases. Cases complicated with IDTs were
identified, managed intra-operatively using our technique
that was based on many layers tight closure, cases with
persistent leak that needs re-operation are identified and
reviewed.

Results: The incidence of ITDs during lumbar surgery
in our series was 7.3% (61 of 834 cases) During primary
surgery it was 5.9% (38 of 643 cases), among recurrent cases
it was 12% (23 of 191 cases), all cases were repaired intra-
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operative using 3–0 vicryle suture and a muscle graft was
sutured as an enforcing layer, tight closure of fascia, subcuta-
nous, subcuticular layers and skin, no sub-fascial drains used.
One case showed persistent leakage and 2 cases complicated
with pseudomeningocele, cases of pseudo meningocele were
managed conservatively and the case of leakage re-operated,
with no further complications.

Conclusion: IDTs is a common complication in lumbar
surgery with a higher incidence in recurrent cases. The corner
stone in the management of IDTs is intra-operative identifi-
cation and tight closure inmany layers that was proved by our
surgical technique, a success rate was 98.4%, one case of 61
cases (1.6%) needed a second operation.

Keywords: degenerative lumbar spine, dural tears,
complication of lumbar surgery, CSF leakage

GO169. Spine Surgery under Spinal Anaesthesia
Mohamed Khattab1, Youssry El-Hawary2, Sherief El-Ghamry3,
Amr Montasser4
1Department of Orthopaedics, Ain shams Univerisity, Cairo, Egypt
2Department of Orthopaedic Surgery, Alkasr Alainy Medical School,
Cairo, Egypt
3Department of Orthopaedics, Alsalam International Hospital, Cairo,
Egypt
4Department of Anaesthesia, Alsalam International Hospital, Cairo,
Egypt

Introduction: Spine surgery like discectomy, decom-
pression and lumbar fusions are most commonly performed
under general anesthesia, which can be associated with
several perioperative morbidities including prone positioning
morbidities (for example ocular complications especially in
patients with single precious eye), nausea, vomiting, lung
atelectasis, pulmonary aspiration, prolonged post-anesthesia
recovery and special complications for high risk patients as
those with chest problems and or liver problems. It may be
possible to reduce general anesthesia complications rate if the
procedure is performed under spinal anesthesia.This may also
remarkably reduce postoperative pain.

Material and Methods: To investigate the safety and
efficacyof spinal anesthesia in elective lumbar spine surgeries.
A prospective study evaluating the relative morbidities asso-
ciated with Spinal anesthesia for lumbar and lower dorsal
spine surgery. 174 patients scheduled for spine surgery. 172
patients scheduled for lumbar surgery(revision posterior
spinal fusion 11 patients, removal of instrumentation 5
patients, vertebroplasty 25 patients, 15 patients for soft
TLIF, 23 patients for Posterolateral fusion, 26 for TLIF, 37 for
decompression and 30 patients for discectomies). Two pa-
tients scheduled for dorsal 10–11–12 decompression and
posterolateral fusion. The clinical outcome was determined
by the presence of postoperative pain, the absence of anes-
thesia-related complications, and the overall postoperative
recovery.patients satisfaction was evaluated by asking ques-
tions about their experience. 174 patients agreed to receive
spinal anesthesia for the procedure . Recorded data for all
patients included: age; total surgical time; occurrence of
nausea, vomiting, atelectasis, or cardiopulmonary complica-
tion; ability to arise out of bed on the day of surgery; and the
total number of inpatient hospital days. Postoperative pain
and satisfaction were assessed Formularbeginn.

Results: Therewere a total of 174 patients, with amean
age range from (16–75 years). The patients undergoing spine
surgerywith spinal anesthesia.operative time range from (45–
300 minutes) The spinal anesthesia were different with
respect to the expected surgical time, pain assessed with a
linear visual analogue scale, hospital stay, or the likelihood of
arising out of bed on the day of surgery. There were no major

cardiopulmonary complications. Patients with spinal anes-
thesia had no nausea and vomiting.spinal anaesia produce
hypotension anddecrease blood loss. These patientswere able
to help us at positioning at the beginning of surgery. Intra-
operative talks or interactions was possible. Blood loss range
(50cc-1200cc)Weneed to inject extra dose during surgery in 7
cases and only one 3 level revision lumbar case last for 5 hours
we need to convert after 3 hours to general anesthesia .
Postoperative patient can eat immediately. Delayed assess-
ment of the full neural recovery is the only drawback.

Conclusions Lumbar spine anesthesia as an alternative
to general anesthesia in spine surgery has shown less blood
loss, better surgical field better postoperative pain control,
less postoperative nausea and vomiting and less positioning
complications.

Basic Science 1

GO170. The 10,000-Fold-Effect-Retrograde
Neurotransmission-a Newer Concept for Paraplegia’s
Physiological Revival-use of Intrathecal Sodium
Nitroprusside in 100 Cases-A Priliminary Report
Vinod Tewari1, Mazhar Husain2, Hari Kushan Das Gupta1
1Department of Neurosurgery, Neuro Center, Lucknow, Uttar Pradesh,
India
2Department of Neurosurgery, Sahara Hospital, Lucknow, Uttar
Pradesh, India

Background: Methylprednisolone has shown level-1-
benefit (20%) in traumatic paraplegia cases (but within-8hrs)
yet disproved by many studies. Patients wait long for physio-
logical recovery. Intrathecal-Sodium-Nitroprusside (ITSNP)
has been used in literature to relieve vasospasm-due-to-
subarachnoid-hemorrhage. ITSNP has been studied here for
physiological recovery in paraplegia cases of various etiologies
in a wide-window-period-range.

Two mechanisms for acute-cases and one-mechanism
for chronic-cases, which are interrelated, are being proposed
for physiological recovery. (a) Retrograde-Neurotransmission
(acute-cases). 1. During Normal excitatory impulse: at synap-
tic-level, glutamate activates NMDA-receptors, having Nitric-
Oxide-Synthetase(NOS) on postsynaptic-membrane, for fur-
ther propagation by calcium-calmodulin-complex. Nitric-Ox-
ide (NO produced by NOS) travels backward across chemical
synapse, binding to axon terminal (NO-receptor/sGC) of pre-
synaptic-neuron, regulating-Anterograde-Neurotransmission
(ANT) called Retrograde-Neurotransmission (RNT).The-haem
is the ligand binding site of NO receptor/sGC. The affinity of
haem exhibits 10,000-fold excess for NO than Oxygen
(THE=10,000-FOLD effect) completes in 20msec. 2. In Patho-
logical conditions: normal-ANT, synaptic-activity including-
RNT is-absent. NO-donor(SNP) release NO from NOS at post-
synaptic-region. NO travels backward across a chemical-syn-
apse to bind to the haem of NO-receptor at axon-terminal of a
presynaptic-neuron, generates-impulse, as in normal-condi-
tion. (b) Vasospasm (acute-cases). Perforators show vasospas-
tic activity. NO vasodilates the perforators by NO cAMP
pathway. (c) Long Term Potentiation (LTP) (chronic-cases).
NO–cGMP-pathway plays a role in LTP at many synapses
throughout the CNS, and at neuromuscular junction. The
LTP has been reviewed both generally and with respect to
specific brain regions for memory/learning. LTP plays an
important factor for relief from paraplegia in chronic cases.

Aims/Study Design: Principle of “generation-of-im-
pulses from presynaptic-region to postsynaptic-region by-
RNT, vasodilatation of arteriolar-perforators and LTP is the
basis-of-authors’ hypothesis to treat-acute-and-chronic-para-
plegia-cases. Case-control-prospective-study.
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Material/Methods: 200 paraplegia patients {100 pa-
tients taken as control (50 with no superfusion and 50 with
dextrose 5% superfusion) and 100 patients taken as in ITSNP-
group} were studied here. The mean time for superfusionwas
14.11 days. ITSNP administered at a dosage of 0.2mg/kg bowt
at L3/4 level by 24 G LP needle. Pre and post ITSNP was
monitored by SSEP/MEP.

Results: AFTER-2-HOURS in ITSNP-group MEAN-
CHANGE-FROM-BASELINE-ASIA MOTOR/SENSORY-SCORE
13.84%/13.10%, after-24 hours MOTOR-1.27-points decrease
(3.77%) and SENSORY 10.5 points-increase(6.22%)as com-
pared with Control-group no-change noted upto 24 hours,
At-7days ITSNP motor/sensory;11.56%/6.22% as compared
with Control-group 7.60/4.48%, At-2months in ITSNP
27.69%/6.22% as compared with Control-group 16.02/4.5%.
SSEP/MEP-documented-improvements-noted.

Conclusions: ITSNP, a-swift-acting-drug in treatment-
of-paraplegia, is effective within-two-hours (mean-change-
MOTOR-13.84%andSENSORY-13.10%) on-mean14.11th post-
paraplegia-day with a small-detrimental-response after-24
hours which-recovers-fast

GO171. An Experimental Study on the Treatment of Spinal
Cord Injury in Rats by Tissue Engineering Method that Uses
ADSCs Modified by BDNF and NT-3 Double Genes Combing
the use of SFCS
Wenchen Ji1, Yusheng Qiu1
1Department of Orthopedics, The First Affiliated Hospital of Xi’an
Jiaotong University, Xi'an, China

Introduction: Adipose-derived stem cells (ADSCs) pos-
sess the potential of multi-differentiation which could differ-
entiate into neuronal cells and Schwann cells under certain
conditions. If we inoculate the ADSCs modified by Brain
derived neurophic factor(BDNF) and Neurotrophin-3(NT-3)
double genes on the silk fibroin/chitosan (SFCS), and trans-
plant it into 2 mm pre-made spinal cord transection animal
model, we can take advantage of the characteristic of ADSCs
which could express BDNF and NT-3 stably after being double
gene modified and the advantage of tissue engineering, we
look forward to providing a new treatment method for spinal
cord injury (SCI), which thereby could reduce SCI morbidity
and mortality rate, so as to build up a solid theoretical
foundation for the clinical treatment of SCI.

Material and Methods: According to the preliminary
design, animal experiment is divided into seven groups:
Group A: SFCS/ADSCs/Lenti-BDNF-GFP-NT-3-RFP, namely,
BDNF and NT-3 double genes co-transfect ADSCs combining
SFCS group; Group B: SFCS/ADSCs/Lenti-BDNF-GFP, namely,
BDNF single gene transfect ADSCs combining SFCS group;
Group C: SFCS/ADSCs/ Lenti-NT-3-RFP, namely, NT-3 single
gene transfect ADSCs combining SFCS group; Group D: SFCS/
ADSCs/Lenti-eGFP, namely, empty vector transfect ADSCs
combining SFCS group; Group E:SFCS, namely, single SFCS
group; Group F:only cut off spinal cord and without treat-
ment; Group G: normal control group, just open the vertebral
platewithout any treatment. Group A, B, C, D and E transplant
the scaffold into 2 mm spinal cord transection defect rat
model. Group F cuts off spinal cord and makes 2 mm defect,
Group G is normal group. Do a BBB scoring at 1w, 4w, 8w and
12 w after surgery to analyze functional recovery, execute the
rats 12w later, take out the scaffolds, test them byHE staining,
immunehistochemical staining (NSE, GAP-43, Caspase-3,
GFAP), LFB staining, RT-PCR and Western blot, the purpose
of which is to observe the effect of tissue engineering on the
recovery of SCI.

Results: Group A (BDNF and NT-3 double genes modi-
fied ADSCs combining the use of SFCS group) has a better

repair effect on rats spinal cord transection injury treatment,
which reveals higher BBB scores, increased GAP-43 expres-
sion, more positive NSE cells, decreased expression of GFAP
and Caspase-3. At the same time denser regenerating nerve
fiber couldmove through the scaffold, and themost important
thing is the repair effect of Group A is better than single gene
modified Group B and Group C, which is better than Group D
(empty vector transfect ADSCs combining SFCS group), which
is better than Group E (single use SFCS), which is better than
Group F (just cut off spinal cord and without treatment).

Conclusion: Under the guidance of tissue engineering
method, ADSCs modified by BDNF and NT-3 double genes
combining the use of SFCS can significantly reduce the
inflammatory response after injury, inhibit scar hyperplasia
and cell apoptosis and promote nerve fibers regeneration and
the differentiation of ADSCs into neurons in vivo, so as to
improve the repair effect of rat spinal cord transection injuries,
which provides a new method for the treatment of SCI.

GO172. Does the Location of Prophylactic Vertebral Cement
above Long-Segment Fusion Constructs Effect Endplate
Stress: A Finite Element Model
Anoli Shah1, Joseph Zavatsky2, Robert McGuire3, Hassan
Serhan4, David Briski5, Vijay Goel1
1Departments of Bioengineering and Orthopaedic Surgery, Colleges of
Engineering and Medicine, Toledo, Ohio, United States
2Spine and Scoliosis Specialists, Tampa, Florida, United States
3University of Mississippi Medical Center, Jackson, Mississippi, United
States
4DePuy Spine, Raynham, Massachusetts, United States
5Department of Orthopaedic Surgery, Ochsner Medical Center, New
Orleans, Louisiana, United States

Introduction: Proximal junction kyphosis (PJK) is a
well-described post-operative complication associated with
long-segment fusion constructs often utilized in the treat-
ment of kyphotic and scoliotic deformities. The surgical crea-
tion of a stiff upper segment along with patient osteoporosis
has been suggested as etiologies. Prophylactic vertebroplasty
has been proposed to reduce the rate of PJK, but results in the
transfer of force to the next cranial unadulterated vertebral
level, which is at risk of failure. An in vitro biomechanical
study has already been performed using 15 fresh frozen T6-
pelvis specimen, whichwere instrumented from T10-S1 and a
tapered dose of prophylactic vertebral cement was injected
into T10 (UIV), T9 (UIV þ1), and T8 (UIV þ 2) and loaded in
flexion until failure. Results demonstrated tapering the dose
of vertebral cement significantly reduced the rate of vertebral
fractures. In this present study, an experimentally validated
finite element (FE) model was used to explore the hypothesis
that the location of the tapered cement within the vertebral
bodies may further influence the rate of PJK.

Materials and Methods: A validated FE T6-pelvis spinal
model was used for the analysis. An osteoporotic model was
developed and modified by the insertion of screws and rods
from T10-S1, and the placement of a tapered dose of vertebral
cement intoT10 (UIV, 4cc), T9 (UIVþ 1, 3cc), and T8 (UIV þ 2,
2cc). Various cement locations (anterior, right lateral, and left
lateral; Fig. 1) and configurations (staggered; Fig. 2) were
analyzed and compared with the surgically accepted gold
standard of central cement placement within the vertebra.
Load was applied 10mm anterior to the center of the T6
vertebrae to simulate a flexion moment and the pelvis was
fixed (Fig. 3). Endplate stresses (T7-T10) along with posterior
ligamentous strain were recorded.

Results: Anteriorly placed cement at T8 resulted in a
21% decrease in maximum superior endplate stress as com-
pared with as the surgically accepted gold standard of
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centrally located cement. Anteriorly placed cement at T9
resulted in a 26% decrease in maximum superior endplate
stress when compared with centrally placed cement. Maxi-
mum stress at the superior and inferior endplates of T7 was
similar for anterior versus centrally placed cement. There was
no benefit in staggering the cement and resulted in T7-T10
endplates stress and ligament strain that were similar to
centrally placed cement. Posterior ligamentous strain was
reduced ~2% at the T8-T9 level with anterior placement of
cement when compared with centrally located cement.

Conclusions: Parametric analyses afforded the ability
to simulate different cement configurations. The results dem-
onstrate that anterior placement of prophylactic vertebral
cement is potentially advantageous when compared with
the surgical gold standard of centrally placed cement in this
FE model. A decrease in maximal endplate stress is beneficial,
and translates to an increase in force required for endplate
failure. Stresses at the endplates of T8 and T9 reduced consid-
erably with anteriorly placed cement, and one could extrapo-
late that these vertebral bodies would be less prone to fracture
and PJK. Posterior ligamentous strain was also reduced with
anteriorly placed cement. However, alternating or staggering
cement placement did not affect endplate stress or ligamen-
tous strain. This study may benefit patients and surgeons
when long-segment fusion constructs are indicated. The effect
of anterior cement placement when prophylactic vertebro-
plasty is utilized may result in a biomechanical advantage
reducing endplate stress and rates of PJK, proximal junctional
failure (PJF), and revision surgery. Further clinical evaluation is
required.

GO173. Assessment of a Learning Strategy among Spine
Surgeons
Alberto Gotfryd1, José Alfredo Corredor2, William Jacobsen
Teixeira3, Delio Eulálio Martins4, Jeronimo Milano5, Alexandre
Sadao Lutaka6
1Assistant Doctor of Spine Group, Irmandade da Santa Casa de
Misericórdia de São Paulo, São Paulo, Brazil
2Division of Spine Surgery, Clinica Palermo, Departamento Cirugía de
Columna, Bogotá D.C., Colombia
3Division of Spine Surgery, Instituto do Câncer do Estado de São Paulo,
São Paulo, Brazil
4Division of Spine Surgery, Universidade Federal de São Paulo, São
Paulo, Brazil
5Division of Neurosurgery, Instituto de Neurologia de Curitiba,
Curitiba, Brazil
6Spine Group, Hospital das Clínicas da Faculdade de Medicina da
Universidade de São Paulo., São Paulo, Brazil

Introduction: AOSpine educational program was de-
veloped to expand knowledge and to promote integration
among spine surgeons around theworld. Nowadays, however,
there are no available data of the effectiveness of the learning
process and the level of competence acquired by participants
in such activities. The aim of this study is to evaluate,
objectively, the knowledge transfer provided thorough theo-
retical and practical activities during AOSpine courses for
spine surgeons.

Material and Methods: During two principles courses
of spine surgery, sixty-two participants underwent to pre-
course assessment about their professional experience and
preferences of adolescent idiopathic scoliosis (AIS) classifica-
tion, as well as a test of curves bymeans of Lenke classification
of two AIS clinical cases. Two learning strategies were used
during the course: oral lectures and practical exercises. A post-
course questionnairewas applied to retest the same deformity
cases. Differences of correct answers of clinical cases between
pre and post course were analyzed, revealing the number of

participants who improve in the accuracy of the classification
after the course.

Results: A total of 62 participants were included in the
study, wherein 51 (82%) were orthopedic surgeons and 11
(18%) neurosurgeons. Analysis showed a decrease in the
number of participants with wrong answer in both cases,
after the course. In the first case, statistical significant differ-
ences were observed in both, curve pattern (83.3%, p ¼ 0.005)
and lumbar spine modifier (46.6%, p ¼ 0.049). No statistical
significant improvement was seen in sagittal thoracic modifi-
er (33.3%, p ¼ 0.309). On the second case, statistical improve-
ment was obtained in curve pattern (27.4%, p ¼ 0.018). No
statistical significant improvement was seen regarding lum-
bar spine modifier (9.8%, p ¼ 0.121) and sagittal thoracic
modifier (12.9%, p ¼ 0.081).

Conclusion: This study showed, objectively, that learn-
ing strategies used during AOSpine courses, improved the
knowledge of participants. This knowledge acquisition was
demonstrated through the decreased number of participants
with wrong answers of two clinical cases, after the course.
Teaching strategiesmust to be continually improved to ensure
optimal level of knowledge transfer.

GO174. Polymorphism in the C-terminal Cytoplasmic Site,
Arginine Phosphorylation Site and 3′UTR of Connexin 43 and
its Association with the Progression of Disc Herniation
Kavitha Rajsekar1, Meenakshi Kuhar2, Nandita Narayanasamy2,
Sandeep Vaishya3, Niranjali Devaraj4, Rajasekaran
Shanmuganathan5
1Department of Health Research, New Delhi, India
2Department of Biochemistry, New Delhi, India
3Department of Neurosurgery, Haryana, India
4Department of Biochemistry, Chennai, Tamil Nadu, India
5Department of Orthopaedics and Neurosurgery, Coimbatore, Tamil
Nadu, India

Introduction: Intervertebral disc being an avascular
tissue, the gap junction protein connexin play an important
role in nutrient and extracellular matrix protein play a major
role in its structural stability.The pathophysiology underlying
the process of Disc Herniation is still not clear but genetic
factors play a vital role in the early occurrence of the disease.
The study was initiated to determine the association of
Connexin 43 gene polymorphisms and protein levels in Disc
herniated patients in comparison to healthy individuals in
Indian population.

Methods: Pre Operative blood samples were collected
from 20 patients undergoing surgery for disc herniation
between the age group of 20–60years and 10 samples from
healthy individuals with no history of Intervertebral disc
disease. DNA was isolated, primers designed for exonic and
UTR regions of Connexin 43 performed PCR and samples
sequenced for analysis of polymorphic variants. Genotypic
and phenotypic distributions were compared with Healthy
controls. Hardy Weinburg calculations were done to correlate
the allelic/genotypic frequencies in the both study groups.
Levels of Connexin 43 were assayed by sandwich ELISA by
utilizing a standard Streptavidin-HRP format.

Results: The sequencing of amplified PCR product of
connexin 43 resulted in identification of 14 variants in the
cytoplasmic region and 6 variants in the 3′UTR. The variant
thr326pro, arg362 gln, arg366lys and arg376 gln were sta-
tistically significant. In the 3′ UTR there were 6 variants and
almost all the herniated samples had 1 or 2 variants with
C12508T statistically significant.There were multiple variants
in individuals below the age of 40 years. Genetic variants both
homozygous as well as heterozygous were more common in
lower age groups of 20–40. The levels of connexin 43 were
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very high in herniated samples as compared with control
(p < 0.0453).

Conclusion: Connexin43 polymorphisms at amino acid
position 362 CGA-CAA (arginine to glutamine) and 376 CGG-
CAG (arginine to gluramine) in herniated samples could
hinder the hexamerisation of Connexon gap junction channel
.The amino acid 362 and 376 are the binding sites for
connexon hexamers after phosphorylation at the C- terminal
region of the transmembrane protein.The functional connexin
43 is a transmembrane form. This shows that the 3′UTR
polymorphism increases their expression but the protein
does not get incorporated into the membrane due to poly-
morphic variants at the site of Arginine phosphorylation
(position 362 and 376) and therefore is not physiologically
functional. This profound reduction in gap junction channels
could cause both nutrient and oxidative stress as the disc
tissue is an avascular tissue themode of channelizing between
tissues is via the connexin gap junctions. The 3′UTR variants of
connexin 43 can induce an increased expression of themRNA .
This study was further extended to check the levels of the
protein in the disc lysates of herniated and control samples by
ELISA. The Connexin 43 levels were very high in diseased
samples (p < 0.0453) which can be hypothesized as biophysi-
cally nonfunctional gap junctional protein localized in the
cytoplasma due to polymorphic variants at the site of Arg
phosphorylation site which is one of the post translational
requirements for hexamerisation of the connexin 43 and
insertion into the membrane as channels. This is the first
study to report a SNP associated mutation in gap junction
protein Cx43.

GO175. Effect of Posterior Dynamic Instrumentation on
High-Intensity Zone in Lumbar Degenerative Disc Disease
Suat Canbay1, Yaprak Ataker2, Nazan Canbolat3, Zeynep Unal
Kabaoglu4, Tunc Oktenoglu3, Mehdi Sasani3, Ali Fahir Ozer3
1Department of Neurological Surgery, State Hospital, Ankara, Turkey
2Department of Physical Medicine and Rehabilitation, Istanbul, Turkey
3Department of Neurological Surgery, Istanbul, Turkey
4Department of Radiology, Istanbul, Istanbul, Turkey

Introduction: To investigate high-intensity zone (HIZ)
changes after lumbar posterior dynamic instrumentation.

Material andMethods:Our study included 53 patients:
27 patients in group 1, 26 patients in group 2. All patients had
one or two levels of degenerative disc disease with an HIZ
confirmed by magnetic resonance imaging (MRI). Group 1
underwent one- or two-level dynamic lumbar posterior in-
strumentation. Group 2 was treated conservatively with an
exercise program. Patients were evaluated using MRI, a nu-
merical visual analog pain scale (VAS), and the Oswestry
Disability Index (ODI) at baseline, at 1 year after surgery,
and at final follow-up evaluation.

Results: The mean duration of follow-up was 49.3
months in group 1 and 47.19 months in group 2. The baseline
VAS and ODI scores were similar for both groups. The mean
VAS score of group 1was significantly improved at 1 year after
surgery and at final follow-up. The mean ODI value was lower
in group 1 than in group 2 at 1 year and at final follow-up.
Pfirrmann grades in group 1 significantly differed at 1 year
and at final follow-up but did not change in group 2. The
number of HIZs significantly decreased in from baseline to 1
year and frombaseline tofinal follow-up in group 1 but did not
differ in group 2.

Conclusion: Dynamic lumbar stabilization systems are
promising. Observations such as Pfirrmann grade improve-
ments and disappearance of HIZs are concordant with im-
provements in VAS and ODI scores demonstrate that dynamic

stabilization systems may provide an environment for
regeneration.

GO176. Innate Lymphoid Cells are Present at Healthy
Patients Spinal Enthesis, Providing a Potential Mechanism
for Spondyloarthropathy Pathogenesis
Richard Cuthbert1, M. Evangelos Fragkakis2, Peter
Giannoudis2,3, Robert Dunsmuir4, Peter Millner4, Dennis
McGonagle4
1Leeds Institute of Rheumatic and Musculoskeletal Disease, Leeds,
West Yorkshire, United Kingdom
2Academic Department of Trauma and Orthopaedics, School of
Medicine, University of Leeds, Leeds General Infirmary, Leeds, West
Yorkshire, United Kingdom
3NIHR Leeds Musculoskeletal Biomedical Research Unit, Leeds
Teaching Hospital NHS Trust, Chapel Allerton Hospital, Leeds, West
Yorkshire, United Kingdom
4Department of Spinal Surgery Leeds General lnfirmary, Leeds, West
Yorkshire, United Kingdom

Background: The pathogenesis of murine spondy-
loarthropathy (SpA) has been intimately linked to the pres-
ence of Interleukin(IL)-23 responsive, innate like lymphocytes
at different anatomical regions including spinal enthesis.
Human SpAs are associated with Single nucleotide polymor-
phisms (SNPs) in genes related to the IL-23 pathway and drugs
that block IL-12/23 have shown efficacy.Wehypothesized that
the normal human enthesis has a population of resident
innate lymphoid cells (ILCs) that could be involved in govern-
ing entheseal immune homeostasis. In particularly entheseal
resident type 3 ILCs (ILC3s)may be critical, since ILC3s in other
tissues have been shown to produce inflammatory cytokines
in response to IL-23.

Methods: Normal spinal enthesis were harvested from
healthy patients undergoing spinal surgery and enzymatically
digested prior to fluorescence activated cell sorting (FACS).
Cellular immunophenotyping and cell sorting was performed
on enthesis samples harvested from 6 patients; ILC3s, were
identified as lineage (CD3- TCRγδ- TCRαβ- CD19- CD14-
CD11c- CD1a- CD303- FcεRI- CD34- CD123-) and cellular
surface marker CRTH2 negative with positive expression of
CD45, CD127, CD117. ILC2s, which have been linked tofibrotic
reactions, were identified as lineage negative with positive
expression of CD45, CD127 and CRTH2. The expression of
RORγt transcript was tested in sorted populations by RTqPCR.
Anterior cruciate ligament (femoral enthesis) was obtained
from subjects with knee OA and injured enthesis undergoing
repair were also collected and analyzed by immunohis-
tochemistry (IHC).

Results: All sorted samples contained ILC3s, median
proportion 0.09% (range 0.015–0.63). Transcript analysis con-
firmed the expression of RORγt, transcript, an ILC3 related
transcription factor, in sorted ILC3 populations, with ILC3s
expressing 51-fold greater relative expression in comparison
to unsorted digests. 5 of 6 sorted samples contained ILC2s,
median proportion 0.20% (range 0–0.49). RORγt expression
was detected in knee OA and there was widespread expres-
sion of RORγt in inflammatory infiltrates in injured enthesis as
shown by IHC.

Conclusions:Our findings show that ILCs are present in
the normal human spinal enthesis and may be greatly in-
creased in frequency following injury. These findings provide
strongevidence of ILC presence in normal human enthesis and
suggest a potential link between cellular dysregulation of the
IL-23/17 axis and SpA pathology at sites of micro damage.
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GO177. Adipose-derived Stem Cells as a Potential Additive
Therapy in Chronic Compression Neuropathy in Rodents: a
Diffusion Tensor Imaging Study
Lima Sottaz1, Stefan Schären2, Srinivas Madduri1, Dirk Schäfer1,
Daniel Kalbermatten1
1Basel University Hospital, Basel, Switzerland
2Department of Spine Surgery, University Hospital Basel, Basel,
Switzerland

Introduction: Compression neuropathy and nerve root
compression are a leading cause of morbidity as well as a
major cause of work impairment. Surgical and conservative
treatments are widely used but there is still a lack of long-
lasting effects. We seek to provide an additive therapy con-
sisting of injected adipose-derived stem cells (ASCs) in the
epineurium of a chronic nerve compression rodent model.

In animal studies, evaluation of peripheral nerve
injury and therapy monitoring is commonly performed using
clinical scoring and histopathological workup. Recent devel-
opments in magnetic resonance imaging allow for the direct
evaluation of nerve fiber integrity. Here we present the
evaluation of this imaging method, diffusion tensor imaging
(DTI) in the context of chronic sciatic nerve compression.

Material and Methods: We created a compressive
lesion with a polymer clip on the left sciatic nerve of
Sprague-Dawley rats. 0.5 million ASCs were injected in the
epineurium under ultrasound guidance two weeks after the
crush injury in a first group. The second group was injected
with culture medium as control. The clips were removed in a
third groupwho benefited from an intraoperative injection of
ASCs and a fourth group underwent the same procedure but
received the sham injection. Gait analyses with calculation of
the Sciatic-Function-Index using a computed track were per-
formed before the cells or sham injections as well as after two
and four weeks. Two weeks post injection, respectively four
weeks, post-mortem imaging was acquired on a 3-Tesla
scanner. The Fractional Anisotropy (FA), a measure of fiber
integrity, wasmeasured for the proximal and distal part of the
lesion and for the contralateral nerve. Afterwards, histo-
morphometry of cross sections of the nerve, histochemistry
for muscle fiber typing and calculation of the gastrocnemius
muscle weight ratio were undertaken.

Results: The FA showed no differences between the
injured and uninjured side at the proximal site. Distally, the FA
was clearly reduced on the injured side. The FA in the group
treated with ASCs who underwent clip removal was signifi-
cantly higher as well as the FA ratio (distal value/ proximal
value). These findings could be correlated with clinical and
histological analyses that showed faster regeneration and
faster clinical recuperation in this group associated with
reduced muscle atrophy.

Conclusion: ASCs alone seem to be insufficient to
provide a clinically relevant treatment in this context of severe
crush injury. Nonetheless, regenerative cells could be an
interesting additive therapy after surgical decompression.
Furthermore, our results indicate that DTI may be used to
quantitatively assess sciatic nerve injury after treatment using
ASCs in a rat model.

Cervical Fusion

GO178. Right versus Left Sided Exposures of the Recurrent
Laryngeal Nerve (RLN) and its’ Branches- A Fresh Cadaveric
Study Relevant to the Cervical Spine
Ali Rajabian1, Nasir A. Quraishi1
1Nottingham Spine Centre, Queen’s Medical Centre, Nottingham
University Hospitals, Nottingham, United Kingdom

Introduction The higher vulnerability of RLN in anteri-
or approach to the cervical spine on the right versus left sides
is the subject of ongoing debate. While most cadaveric studies
have focused on in situ variations in course and local structural
relations of the RLN as a suitable guide, they havemostly been
done in preserved (fixed) cadavers or without relevance to the
needs of spinal exposure.

Our aim was to perform surgically relevant exposures
of the anterior cervical spine with particular attention to
observing the potential vulnerabilities of the RLN on right
and left side in fresh cadaveric specimens. In addition, we
aimed to explore its branches.

Materials and Methods: 12 cadavers had extensive
layer by layer dissections by 2 surgeons (one with extensive
experience as anatomy dissector). The RLNs and its branches
were exposed in their entire length and explored for vulnera-
bility. (Each stage was photographed)

Results: In all specimens, we demonstrated that right
sided approach clearly causes undue stretch of the nerve and
its branches particularly below C5 (photographed). The left
side provided a good exposure without undue traction on the
nerve. However, the terminal oesophageal branches of the
nerve were especially vulnerable to this stretch or direct
pressure on the left side.

Conclusion: Traction neuropraxia of the upper oeso-
phageal branches of the RLN nervemay provide an alternative
explanation for the transient post-op dysphagia (upto 60%).
The laryngeal supply of the RLN benefits from Galen’s anasto-
motic nerve supply of SLN (Ansa of Galen) and hence the
neuropraxia of the nerve is less frequently symptomatic.
Below C5, the left sided anterior cervical approach permits a
wider access to the entire anterior cervical spinewith less risk
to the RLN. Neuropraxia induced on the oesophageal branches
(directly by retractors or indirectly by traction) could provide
a possible explanation for transient post-op dysphagia. We
believe that this will help spinal surgeons to refine their
surgical technique and thus reduce the incidence of iatrogenic
injury.

Figure 1
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Figure 2

Figure 3

Figure 4

Photograph copyright reserved.

GO179. Plate Construct versus Cage alone in ACDF. Does the
Plate Maintain a Sagittal Plane Correction- Clinical Outcome
and Radiological Findings Correlation
Abduljabbar Alhammoud1, AbdulMoieen Baco1, Mohanad
Aboulebda1
1Department of Orthopedics, Hamad Medical Corporation, Doha,
Qatar

Introduction: Anterior cervical decompression and
fusion is the treatment of choice of Cervical degenerative
disc disease which cause neurological symptoms include
radiculopathy andmyelopathy, and it can be done by different
techniques which includes several options for implants like
disc spacers made of autograft or allograft bone, porousmetal,
polyether ether ketone (PEEK) and anterior plates and screws.
The purpose of this study is to compare the role of anterior
plate constructs (ACDF-CPC) and stand cage alone (ACDF-CA)
in maintain of Sagittal plane correction, clinical and radiologi-
cal findings.

Material and Methods: Retrospective study for 24
patients underwent to ACDF in Hamad General Hospital, 16
cases with ACDF-CA and 8 cases ACDF-CPC.

Radiological findings (cervical lordosis, segmental lor-
dosis, cage subsidence, disc height) and clinical outcome
(Odom’s criteria, dysphagia and swallowing problems) are
compared (pre-op, 3–6 months post op, 12–18 months post
op).

Results: Cervical Lordosis, segmental lordosis, and disc
space height at the operated levels increased an average of
5.4°, 3.1°, and 1.5 mm in ACDF-CA and 3.2°, 3.4°, 3.5 mm in
ACDF-CPC,with good to excellent result in ACDF-CA and fair to
good result in ACDF-CPC according to Odom’s criteria, with
more dysphagia and dysphonia in ACDF-CPC. Themaintaining
of sagittal plan correction, disc space height, and cage subside
are decrease during follow up in both groups, but clinical
outcome was stable in most of the cases comparing to
immediate post op finding.

Conclusion: Anterior cervical decompression and fu-
sion by stand cage alone or anterior plate is achieved good
clinical outcome and significant correction in sagittal plane
and disc space height, but no significant difference between
two groups in maintaining the sagittal plane correction and
disc space.

GO180. Cost Per Quality Adjusted Life Years gained for
Anterior Cervical Discectomy and Fusion for Degenerative
Spine Disease in Elderly Population
Silky Chotai1, Scott Parker1, Matthew McGirt2, Clinton Devin3,
Joseph Cheng1
1Department of Neurosurgery, Vanderbilt University, Nashville,
Tennessee, United States
2Department of Neurosurgery, University of North Carolina, Charlotte,
North Carolina, United States
3Department of Orthopedics and Neurosurgery, Vanderbilt University,
Nashville, Tennessee, United States

Introduction: Anterior cervical decompression and
fusion (ACDF) is a most commonly used intervention in
patients with myelopathy and radiculopathy. With growing
elderly population and increasing rates of spinal surgery in
this age group it is vital to understand the value of ACDF in this
population. The aim of present study was to determine the
cost-utility following ACDF for myelopathy and radiculopathy
in elderly patients.

Methods: A total of 299 patients undergoing elective
ACDF with or without fusion for degenerative cervical pathol-
ogy over a period of two-years, that were enrolled into
prospective longitudinal registry were included in the study.

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S115



PRO instruments: NDI, numeric rating scale-neck and arm
pain (NP, AP), general health and quality of life scores via EQ-
5D and SF-12 were recorded at baseline, 12-month and 24-
month after surgery. One and two-year medical resource
utilization, missed work, and health state values (quality-
adjusted life years [QALYs], calculated from the EQ-5D with
US valuation using time weighted area under the curve
approach) were assessed. Two-year resource use was multi-
plied by unit costs based on Medicare national allowable
payment amounts (direct cost). Patient and caregiver workday
losses were multiplied by the self-reported gross-of-tax wage
rate (indirect cost). The direct cost and total cost (direct þ
indirect) was used to assess mean total 2-year cost per QALY
gained after surgery. The patients were divided into age
groups (younger) < 65 years, and � 65 years (older) to
compare the QALYs gained and the cost-utility in this age
groups.

Results: There was a significant improvement in pain
(NP, AP), disability (NDI) andgeneral health scores (EQ-5D and
SF-12) amongall age groups 2-year after surgery (p < 0.0001).
Fifty-two percent (155) of patients underwent ACDF for
myelopathy and 48% (144) underwent ACDF for radiculop-
athy; there was no significant difference in the number of
patients with radiculopathy (42% vs 49%) and myelopathy
(58% vs 51%) in patients� 65 years comparedwith those < 65
years. The mean direct cost, and total cost at 24-month was
$18,828 and $23,579 for younger patients and $19,241 and
$21,197 for older patients. Younger patients had higher total
cost at 24month due to higher workday losses; the direct cost
was however higher in the older age groupwhichwas found to
be associated with a higher mean number of co-morbidities
(1.5 vs 2.7, p ¼ 0.02) andmean longer hospital stay (1.2 vs 2.3
days, p ¼ 0.018). Patients over 65 years old had a 33% preop-
erative gainful employment comparedwith 62% patients with
age < 65 years. There was no statistically significant differ-
ence in mean direct cost among the younger and older
patients. The younger patients had higher mean cumulative
2-year gain of 0.47 QALYs compared with 0.28 QALYs in older
patients. The two-year direct cost-utility and total cost-utility
in patients age < 65 years was $40,059 and $50,168/QALY
comparedwith $68,717/QALYand $75,703/QALY in those� 65
years.

Conclusion: ACDF provided a significant gain in health
state utility in elderly patients with degenerative cervical
pathology, with a mean cumulative 2-year cost per QALY
gained of 75703/QALY, which can be considered moderately
cost-effective as per the threshold of $100,000/QALY gained.
Elderly patients do not see the degree of improvement as their
younger counterparts; however, surgery does provide a clini-
cally meaningful improvement.

GO181. Stand-Alone Cages in Anterior Cervical Discectomy&
Fusion: Mid-term Outcomes
Khaldoun ElAbed1
1Department of Orthopaedics, Sharjah, United Arab Emirates

Introduction: To review and analyze the clinical out-
come and radiological changes of one-level and two-level
anterior cervical discectomy and fusion (ACDF) with stand-
alone TrabecularMetal™ cages. ACDFusing a stand-alone cage
is a popular procedurewith little published long-term follow-
up, we reviewed our cases performed between 2001–2011.

Material and Methods: Patients between 36 and 64
years of age, diagnosed with cervical radiculopathy, who
underwent ACDF were available for at least 3 years follow-
up and included in this study. All levels were low-cervical
(below C4). Clinical outcomes were assessed using Odom’s
Criteria, VAS, and by assessing axial neck pain, radicular arm

pain, upper extremity weakness, and upper extremity numb-
ness. Fusion was assessed by lateral radiographs looking for
bone breaching and radiolucent lines around the device, in
addition to dynamic radiographs, postoperative cervical lor-
dosis was measured by the Drexler Method

Results:Ninety patients were included in the study, 51
patients underwent two-level ACDF modified Robinson ap-
proach, and 39 patients underwent one-level ACDF. Mean age
was 44 � 10.4 years and mean follow-up time was 4.5 � 2.6
years. Patients reported excellent or good outcomes (90%),
VAS improved in 90% of patients from a mean of 3 preopera-
tively, to amean of 9 at 1 year, and amean of 8 at 3 years follow
up. Improvement in axial neck pain (80%), radicular arm pain
(95%), upper extremity weakness (85%), and upper extremity
numbness (90%). No cage extrusion or migration occurred.
Subsidence occurred in 8% of levels fused. Clinical improve-
ments were not related to the occurrence of subsidence.
Radiographs confirmed restoration of cervical lordosis above
45 degrees, with maintenance over the follow up period.
There was symptomatic anterior osteophytes formation or
calcifications of anterior longitudinal ligament in 25% of
patients at the final follow-up; the reoperation rate was
3.6%. There was no persistent dysphagia, or voice complaints,
no dural tear, tracheal or oesophageal perforation. One patient
developed deep MRSA infectious infarction of spinal cord,
treated with antibiotics, and recovered totally upon one-year
follow up. Based on the 3 criteria for fusion, 90% of patients
confirmed fusion at 1 year follow up.

Conclusion:Mid- to long-term results show that ACDF
with Trabecular Metal™ cages is safe and effective treatment
of single and two-level cervical disc radiculopathy and neck
pain.

GO182. A Biomechanical Evaluation of a Versatile and Novel
Anterior Cervical Fusion Device Possessing Modular and
Integrated Fixation Capabilities
Ripul Panchal1, Anup Gandhi2, Chris Ferry2, Sam Farmer2,
Jeremy Hansmann2, John Wanebo3
1Department of Neurological Surgery, University of California, Davis
Medical Center, Sacramento, United States
2Zimmer Biomet Spine, Broomfield, Colorado, United States
3Barrow Neurological Institute, Phoenix, Arizona, United States

Introduction: A novel ACDF (anterior cervical discec-
tomy and fusion) construct possessing integrated screw and
modular platefixation (MPF) capabilities has been introduced
in an effort to provide versatilitywhen selecting a stabilization
mechanism. Construct features allow the surgeon to switch
between zero-profile (2 screws), half-plate (3 screws), and
full-plate (4 screws) system. Inherently, the device can be
readily adapted to the patient’s anatomical landscape, accom-
modating adjacent level fixation, as well as diminishing
hardware prominences when necessary. Additionally, the
MPF technology, which creates a singular rigid body about
the index level, affords ideal plate orientation/alignment,
eliminates potential for cage migration/subsidence, and en-
sures physiological compression of the cage/graft. However,
the translated effects of such novel features on segmental
stability have not yet been characterized in the literature. The
objective of this study was to assess the segmental rigidity
achieved by the novel ACDF device iterations as compared
with traditional ACDF (cage and anterior cervical plate sys-
tem) and supplementation with posterior cervical constructs
with lateral mass screws (LMS).

Material and Methods: Eighteen human cervical spine
specimens (C3-T1) were tested. Osseous integrity was con-
firmed via DEXA scans and radiographs. Specimens were
divided into three groups (n ¼ 6) such that the mean bone
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quality across each group was consistent. The C3 and T1
vertebral bodies were potted. Each spine was first tested in
an intact state. An anterior discectomy (C5/C6) was then
performed, followed by sequential iterative construct instru-
mentation and testing (see Results for sequence). The three
group protocol was executed such that each respective group
would receive only integrated zero-profile, integrated half-
plate, or integrated full-plate fixation (Alta ACDF System –
Zimmer-Biomet Spine); diminishing vertebral body compro-
mise due to excessive screw removal/placement. For posterior
supplemented constructs, lateral mass screws (Lineum –
Zimmer-Biomet Spine) were placed bilaterally at the index
level. A 2Nm moment was applied in flexion-extension (FE),
lateral-bending (LB), and axial-rotation (AR) using a six de-
gree-of-freedom Bionix® Spine Kinematics System (MTS,
Systems,MN). Segmental range-of-motion (ROM)was tracked
using Optotrak Certus (NDI, Inc, Canada) motion analysis
software. Mean ROM relative to intact conditions (100%)
was measured.

Results: ROM (% Intact): FE/LB/AR. Integrated Zero
Profile ACDF (n ¼ 6): 69 / 48 / 76. Integrated Half-Plate
ACDF (n ¼ 6): 42/ 25 / 67. Integrated Full-Plate ACDF
(n ¼ 6): 32 / 29 / 40. Traditional ACDF (n ¼ 18): 37 / 39 /
61. Traditional ACDF þ LMS (n ¼ 18): 12 / 11 / 22. Integrated
Zero Profile ACDFþ LMS (n ¼ 6): 14 / 13 / 31. Integrated Half-
Plate ACDF þ LMS (n ¼ 6): 18 / 10 / 31. Integrated Full-Plate
ACDF þ LMS (n ¼ 6): 12 / 10 / 16.

Conclusion: The full-plate and half-plate constructs
both appeared advantageous in comparison to the traditional
ACDF construct (MaxAn – Zimmer-Biomet Spine) when used
without posterior supplementation, demonstrating an inher-
ent benefit of the MPF technology. Motion reductions with
zero-profile fixation were not as robust; however, it can be
argued that clinically significant stability was still achieved.
Lastly, supplemental fixation with LMS appeared to be a clear
leveling factor across all constructs, facilitating significant
motion reduction in all directions.

GO183. Safety and Efficacy of Local Bone with PEEK Cage
versus Iliac Bone Graft in Anterior Cervical Discectomy and
Fusion: A Prospective Study
Zhili Liu1, Jiaming Liu1, Xu Xiong1, Risheng Xu2
1Department of Orthopedic Surgery, The First Affiliated Hospital of
Nanchang University, Nanchang, China
2Department of Neurosurgery, Johns Hopkins Hospital, Baltimore,
Maryland, United States

Introduction: A prospective study was performed to
compare the clinical and radiological results between the use
of local bone graft with a PEEK cage versus an iliac bone graft
in anterior cervical discectomy and fusion (ACDF).

Materials and Methods: A total of 60 consecutive
patients who underwent ACDF were evaluated from January
2010 to January 2013. 29 patients received an ACDF with a
PEEK cage combined with local bone graft (local bone cohort)
and 31patients received an ACDF with tricortical iliac bone
graft (iliac bone cohort). The intraoperative and perioperative
complications of both cohorts were recorded. Preoperative
and postoperative radiographs were taken to calculate the
ratio of interbody height to the disc height and the interbody
bony fusion rate. The Japanese Orthopedic Association (JOA)
score and visual analogue scale (VAS) were used to estimate
postoperative clinical outcomes.

Results: The mean follow-up time was 25.0 � 3.8
months in the local bone cohort and 24.4 � 3.4 months in
the iliac bone cohort (p ¼ 0.56). Although there was no
statistically significant difference between the two cohorts
in terms of blood loss (p ¼ 0.17), the length of surgery was

significantly less in the local bone cohort compared with that
of the iliac bone cohort (p ¼ 0.01). Postoperatively, VAS scores
were significantly decreased, and JOA scoreswere improved in
both cohorts. However, no statistically significant difference
was found between the two cohorts at final follow up
(p ¼ 0.45, p ¼ 0.93). The disc space height and segmental
interbody angle at the surgical segment were greater in local
bone cohort than those in the iliac bone cohort (P < 0.001 and
P < 0.001). The fusion rates were 93.1% (27/29) in local bone
cohort and 90.3% (28/31) in the iliac bone cohort at last follow
up (p ¼ 0.70). Perioperative complication rates in local bone
cohort and iliac bone cohorts were 6.8% and 29%, respectively
(p ¼ 0.04).

Conclusions: In a prospective study of 60 patients
receiving ACDF with either local bone graft with a PEEK
cage or an iliac bone graft alone, the former had a statistically
shorter operation time, lower perioperative complications
rate, and better radiological results. Although further long-
term studies will delineate whether these improved radio-
graphic findings will translate into better clinical outcomes,
the local bone graft with a PEEK cage appears to be a safe
alternative to the iliac bone graft during the perioperative
period.

GO184. Long-term Clinical and Radiological Outcome
Evaluation of 3- and 4 Level ACDF with a Zero-profile
Implant. Impact of Cervical Sagittal Alignment on Clinical
Outcome
Giuseppe Barbagallo1, Francesco Certo2, Stefano Palmucci3,
Vincenzo Albanese1
1Department of Neurological Surgery, University of Catania, Catania,
Italy
2University of Catania, Catania, Italy
3Department of Radiology, University of Catania, Catania, Italy

Introduction: Concerns remains on the role of ACDF in
multilevel cervical disease as opposite to posterior ap-
proaches, and on the importance of cervical sagittal alignment
in influencing long-term clinical outcome. We aim to analyze
the efficacy of 3- and 4-level ACDFwith a zero-profile implant
in restoring cervical sagittal alignemnt as well as the impact of
alignment on clinical outcome, both at early and long-term
follow-up. And also to evaluate type and rate of complications.

Material and Methods: 24 patients (14 male), ranging
in age from 41 to 77 years (mean 58.4) and suffering from
multilevel spondylosis, were enrolled. Neurological improve-
ment was graded according to the Nurick scale. NDI, VAS and
SF-36 were used for pre- and postoperative functional evalu-
ation. Imaging included X-rays, CT and MRI before surgery; X-
rays were obtained at every follow-up visit and CT scan at last
follow-up. Sagittal alignment was assessed before and after
surgery using the Cobb method. Fusion rate was studied on
both X-rays and CT scan. Complications were analyzed and
dysphagia evaluated using the Bazaz scale.

Results: Mean follow-up ranges from 24 to 72 months
(mean 39). No intra- or postoperative complications, either
related to surgical technique or to devices implanted, were
encountered. Mean neck pain VAS score decreased from a 6.7
� 2.9 to 1.6 � 2.3 (p < 0.01). Mean arm pain VAS score
decreased from 5.9 � 2.9 to 0.9 � 1.4 (p < 0.01). There
were significant improvements (p < 0.01) in SF36 and NDI
following surgery. Five patients complained of mild dysphagia
(20.8%). Three of them (12.5%) showed complete resolution
within two months (short-term dysphagia); the other two
(8.3%) within six months (medium-term dysphagia). No case
of long-term dysphagia (more than 6 months) was observed.
According to Pitzen criteria, radiographic fusionwas achieved
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in 90% of patients. Cobb angle had a significant improvement
both after surgery and at long-term follow-up.

Conclusion: 3- and 4-level ACDF with a zero-profile
device is safe and effective. It allows satisfactory neurological
and functional outcome aswell as interbody fusion.Multilevel
anterior approach provides satisfactory sagittal alignment
restoration, and this is associated with persistent clinical
improvement at long-term follow-up.

GO185. Anterior Cervical Discectomy and Fusion Using an
“Oversized” PEEK Cage: Radiological and Clinical Outcome
Mohammad El-Sharkawi1, Wael Gad1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt

Introduction: There has been controversial data about
the effect of cage size on radiological and clinical outcome of
anterior cervical discectomy and fusion (ACDF). Oversized
cages have been linked to higher incidence of non-union,
adjacent segment disease, and unfavorable clinical outcomes.
The aim of this work is to evaluate the effect of an oversized
PEEK cage on the radiological and clinical outcomes in ACDF.

Patients and Methods: Between January 2012 to July
2014, 57 patients (29 single level, 15 double levels, 8 three levels,
5 four levels) underwent ACDF using a stand-alone oversized
PEEK cages. They were 35 males and 22 females with mean age
56� 13.5 years. Theminimum follow up period is one year. The
following parameters were measured preoperatively, postoper-
atively and at final follow up: cervical lordosis (in degrees), disc
height (in mm), motion at operated level (in degrees), radiologi-
cal ASD (present or not) and VAS for neck pain, VAS for armpain.
All complications were as well recorded.

Results: Themean cervical lordosis changed from25°�
5.5 postoperative to 7°�4.5 at final follow up. The mean disc
height was 5� 2mmpreop, 7� 1.5 mmpostop and 6� 1mm
at final follow up. Residual motion at operated level was
observed at 1 year follow up X-rays in 2 patients (one double
level and one 3-level) with average 5°. None of them had neck
pain and no revisionwas required. In the postoperative X-rays,
the suprajacent level was always observed to be slightly
narrowed; this narrowing gradually diminished during the
follow up. Radiological ASD developed in 9 patients (16%), all
of them remained to date asymptomatic. The average im-
provement in VAS for neck pain was 27%�8.5 and the average
improvement in VAS for arm pain was 33%�9.5. At the final
followup, fusionwas achieved in 55 patients (96%) and clinical
outcome was excellent. Radiological loss of the postoperative
disc height and cervical lordosis and development of radio-
logical ASD did not correlate to poor clinical outcome. No
single case of cage dislodgement was observed in this series.

Conclusion: The use of a stand-alone oversized PEEK
cage in ACDF seems to minimize the incidence of cage
dislodgment even in multiple levels ACDF. Despite some
radiological settlement and loss of cervical lordosis, an excel-
lent clinical outcome was maintained.

Deformity Thoracolumbar Adult 1

GO186. Adult Spinal Deformity in the Elderly. Preliminary
Clinical and Radiological Results in 22 Patients Treated by a
Two Times Minimally Invasive Spine Surgery
Marco Cimatti1, Stefano Forcato1, Massimo Miscusi1,
Alessandro Frati1, Filippo Maria Polli1, Antonino Raco1
1Sapienza, University of Rome, Rome, Italy

Introduction: The adult spinal deformity (ASD) seems,
in the last years, in a progressive increment. It should be in

relation to the aging of the population. This trend leads to a
progression of the disability and the reduction of the quality of
life of these patients. The surgical correction of the ASD
obtained by a traditional “open” surgery can often be incom-
patible with the co-morbidities of these patients. The mini-
mally invasive surgery for correction of the deformities
(MISDEF) can offer technical nuances, such as reduce of
intraoperative blood loss and quickly recovery, which can
lead the opportunities for these patients to approach the
surgery. We present the preliminary results of our observa-
tional study on the radiological correction and clinical results
of old patients affected by ASD treated by MISDEF.

Methods: Observational study with 20 months of
follow-up. Twelve patients affected by low-back pain, sciatal-
gia and/cruralgia, neurological claudication were enrolled in
this study. All the patients underwent to a MISDEF based on a
percutaneous transpedicular stabilization plus a lateral or
transforaminal interbody fusion. We collected all the radio-
logical datas, such as sagittal vertical axis (SVA), sacral slope
(SS), pervic tilt (PT), pelvic incidence (PI), lumbar lordosis (LL)
and coronal cob (CC) and the clinical status, oswestry disabili-
ty index (ODI) and SF-36.

Results: The mean age was 70 years (65 – 78 years), 3
men and 9 women. 7 patients presented a lumbar left side
convex scoliosis, while 5 patients presented a right side one.
All the patients underwent to a 2 times surgery: the first time
was a lateral access, the second time was the posterior access.
The side for the lateral interbody fusion was the concave side
of the scoliosis. L4L5 segmentwas always been approached for
a transforaminal interbody fusion. The proximal strumental
vertebrawas T10. Themean intraoperative blood losswas 500
cc. All the patients were mobilized within 2 days. The ODI and
SF36 evidenced a statistically improvement (p < 0,05). No
evidence of infections, neurological deficit, failure of the
implant and/or loosening of correction were documented in
the follow up.

Conclusions: The MISDEF offers, even for elderly pa-
tientswith co-morbidities, a valid and secure surgical solution
for the correction of the ASD. From the results of our study
appeared a good compliance of these techniques for all the
patients, with a good result even at 20 months of follow-up.
We considered that the opportunity to separate the surgical
correction of the deformity in 2 times surgery seems to be a
better and secure solution especially for elderly patients.

GO187. Pelvic Incidence is Not Constant
Hamdy Tammam1, Amer Mostafa2, Wael Gad2, Wael Koptan3,
Mohammad El-Sharkawi2
1Department of Orthopaedic Surgery, South Valley University, Qena,
Egypt
2Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
3Department of Orthopaedic Surgery, Cairo University, Cairo, Egypt

Introduction: The pelvis is a very important compo-
nent in the overall balance. It changes its orientation in space
aiming at compensation for any sagittal imbalance. Three
pelvic parameters were recognized as descriptive tools for
pelvic status. Pelvic incidence (PI) is considered as a constant
value aftermaturitywhich changes only in pelvic trauma. This
work aims to evaluate if the surgical correction of the fixed
sagittal imbalance has any effect on the pelvic incidence.

Patients and Methods: Twenty seven cases with fixed
sagittal imbalance were corrected surgically by posterior
spinal osteotomies and prospectively followed for at least
one year. Pelvic Incidence (PI), Sacral Slope (SS), Pelvic Tilt
(PT), Lumbar Lordosis (LL), Thoracic Kyphosis (TK) and Sagittal
Vertical Axis (SVA) were compared between preoperative,
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postoperative and last follow up long standing lateral whole
spine radiographs. Measurements were taken by three expe-
rienced spine surgeons independently.

Results: Twenty four cases were included, half of them
were males, and the mean age was 16.3 (5–46) years. PI was
fixed or changed by five degrees or less in seventeen cases
(70%). PI increased in four patients (16%) by more than five
degrees and decreased by more than five degrees in three
cases (12,5%). The mean increase in the PI was 11.75° (6–20°)
and 11.2° (7–23°) postoperatively and at last follow up
respectively.

Conclusions: Despite that the PI is fixed or minimally
changes (five degrees or less) in most of the cases of surgically
corrected fixed sagittal imbalance, it is increased in some
patients and decreased in others. The long term effect of this
observation and its implication on surgical planning is yet to
be determined.

GO188. Cognitive Impairment Following Adult Spinal
Deformity Surgery
Vugar Nabiyev1, Selim Ayhan1, Selcem Yuksel1, Tiro
Mmopelwa1, Montse Domingo Sabat6, Ferran Pellise2, Ahmet
Alanay3, Francisco Javier Sanchez Perez Grueso6, Frank
Kleinstuck4, Ibrahim Obeid5, Emre Acaroglu1, European Spine
Study Group (ESSG)2
1Ankara ARTES Spine Center, Ankara, Turkey
2Spine Unit, Hospital Universitari Vall d’Hebron, Barcelona, Spain
3Comprehensive Spine Center, Acibadem Maslak Hospital, Istanbul,
Turkey
4Spine Center, Schulthess Klinik, Zurich, Switzerland
5Spine Unit, Bordeaux University Hospital, Bordeaux, France
6Spine Unit, Hospital Universitari La Paz, Madrid, Spain

Introduction: Elderly patients undergoing major sur-
gery may experience cognitive deterioration due to lesser
plasticity in their brain tissue. This so called postoperative
cognitive dysfunction (POCD) syndrome is characterized with
non-specific dysfunction in memory, concentration and anal-
ysis skills. It is not known whether adult spinal deformity
(ASD) surgery is associatedwith POCD. Purpose of this study is
to analyze the cognitive abilities of older patients undergoing
spinal deformity surgery before and after the surgery so as to
understand whether ASD surgery is associated with POCD.

Material and Methods: A prospective longitudinal
study was performed on surgical patients older than 50 years
enrolled in a prospective multi-centric database. Mini mental
state examination (MMSE) was performed to assess cognitive
functions in addition to the health related quality of life
(HRQOL) tests (SF-36, ODI and SRS-22) at preoperative,
post-operative 6th week and 6th month points. Demograph-
ics, preoperative health status, comorbidities, surgical char-
acteristics were also analyzed. Descriptive statistics and
repeated measures of variance analysis were performed.

Results:A total of 90 patientswith amean age of 67.4�
8.2 were enrolled in the study; all had 6th week and 58 had
both 6th week and 6th month follow-up MMSE evaluations.
Averages (standard deviation) of surgical time, estimated
blood loss (EBL), number of screws used and hospital stay
were 240.1 (111.9)min, 1621.2 (1058.7)ml, 11.2 (4.4) and 14.2
(11.45)days respectively. On analysis, it was seen that there
was even a slight increase in mean MMSE score (p > 0.05)
between time points (Table 1). There was a decrease of > 2
points (3 or 4 points) in 6 patients (6.7%) at both time points.

Conclusion: Although ASD surgery in older patients is
recognized as challenging, this study suggests that it is not
necessarily associated with a significant deterioration in the
cognitive abilities of patients undergoing it. These results are
different compared with those reported for other major

surgical interventions. This may be due to the relativelyminor
influence of ASD itself on the cognitive abilities of the patients
involved as well as to the relatively stable hemodynamic
conditions obtainable during modern ASD surgery.

GO189. Identifying the Best Treatment in Adult Spinal
Deformity: A Decision Analysis Approach
Emre Acaroglu1, Aysun Çetinyürek Yavuz1, Ümit Özgur Güler1,
Selcem Yuksel1, Yasemin Yavus1, Selim Ayhan1, Montse
Domingo Sabat1, Ferran Pellise2, Francisco Javier Sanchez Perez
Grueso1, Perez Grueso1, Ahmet Alanay3, Ibrahim Obeid4, Frank
Kleinstuck5European Spine Study Group (ESSG)
1Ankara Spine Center, Ankara, Turkey
2Hospital Vall d’Hebron, Barcelona, Spain
3Acibadem University, Istanbul, Turkey
4CHU Bordeaux Pellegrin Hospital, Bordeaux, France
5Schulthess Klinik, Zurich, Switzerland

Introduction: Adult spinal deformity (ASD) is a major
public health problem. There are pros and cons of the available
treatment alternatives (surgical or non-surgical) and it had
been difficult to identify the best treatment modality. Aim of
this study is to construct a statistical decision analysis (DA)
model to identify the optimum overall treatment in ASD.

Material and Methods: From an international multi-
centre database of ASD patients (968 pts), 535 who had
completed 1 year follow-up (371 non-surgical –NS), 164
surgical –S), constitute the population of this study. DA was
structured in two main steps of: 1) Baseline analysis (Assess-
ing the probabilities of outcomes, Assessing the values of
preference –utilities-, Combining information on probability
and utility and assigning the quality adjusted life expectancy
(QALE) for each treatment) and 2) Sensitivity analysis.

Results: 432 patients (309 NS, 123 S) had baseline and
1 year follow-up ODI measurements. Overall, 104 (24.1%)
were found to be improved (a decrease in ODI > 8 points),
225 (52.1%) unchanged (-8 > ODI > 8) and 65 deteriorated.
Surgery presented with a higher chance of improvement
(54.2%) versus NS (9.7%) (Table 1a). The overall QALE ranged
from 56 to 69 (of 100 years) and demonstrated better final
outcomes in the NS group, although this group had also
startedwith higher QALE. Therewere improvements in overall
QALE in both groups but this was significant only in the
surgical group (Table 1 b). In addition, in the subgroup of
patients with significant baseline disability (ODI > 25) sur-
gery appeared toyieldmarginally better final QALE (Table 1 c).

Conclusion:: This study demonstrated that a single best
treatment modality for ASD may not exist. Conservative
treatment appears to yield higher (up to 6%) QALE compared
with surgery, probably secondary to a higher baseline QALE;
except in patientswith significant disability at baseline. On the
other hand, surgery provides a significantly higher increase in
QALE and chances of improvement at 1st year are significantly
lower with NS treatment.

GO190. Reduction of Pelvic Tilt after Surgical Correction of
Low-grade Isthmic Spondylolisthesis is Correlated with
Rather Improvement of Back Pain than Quality of Life
Andrzej Maciejczak1
1Department of Neurosurgery, Rzeszow University, Tarnow, Poland

Introduction: It is generally believed that the restora-
tion or improvement of sagittal spino-pelvic alignment may
impact clinical outcomes of surgical treatment of high-grade
isthmic spondylolisthesis. Little is known about the impact on
low-grade slips. The purpose of the study was to determine
whether clinical outcomes are correlated with the restoration
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or improvement of pelvic balance after surgical correction of
low-grade isthmic spondylolisthesis.

Material and Methods: Prospective non-randomized
study based on a single-institution series of consecutive
patients with isthmic spondylolisthesis during a 10-year
period from 2002–2012. 63 adult patients with a low-grade
isthmic slip and adequate pre- and postoperative radiograms
were available for measurement of spino-pelvic parameters
andfinal assessment of their clinical outcomes. The latterwere
assessed at least 1 year after the surgery with the use of the
Oswestry Disability Index (ODI) and a back pain visual ana-
logue scale. Pelvic incidence (PI), pelvic tilt (PT), sacral slope
(SS), lumbosacral angle (LSA) and lumbar lordosis were mea-
sured on standing lateral view radiograms. We assumed
postoperative reduction in pelvic tilt (PT) to reflect improve-
ment in pelvic balance. The Spearman's rank correlation test
was used to assess the correlation between the improvement
in pelvic balance and the improvement in ODI and back pain.
The Mann–Whitney U test was used to identify significant
differences in clinical outcomes between patients (i) with a
balanced and unbalanced pelvis postoperatively, (ii) who
regained and did not regain pelvic balance postoperatively,
(iii) who maintained and lost pelvic balance postoperatively,
and (iv) with an improved (reduced PT) and worsened (in-
creased PT) pelvic balance postoperatively.

Results: There were no significant differences in clini-
cal outcomes between patients with a balanced and unbal-
anced pelvis postoperatively regardless of whether they lost,
maintained, or regained pelvic balance after the surgery.
However, we found a weak (R= -0.3) but statistically signifi-
cant (p ¼ 0.035) negative correlation between the degree of
reduction in pelvic tilt and intensity of postoperative back
pain and a weak (R=0.2) but statistically significant
(p ¼ 0.034) positive correlation between the degree of reduc-
tion in PT and reduction in back pain. No correlation was
found between improvement in pelvic balance and quality of
life

Conclusions: Postoperative reduction of pelvic tilt may
impact improvement of rather back pain than quality of life in
low-grade isthmic spondylolisthesis. The latter might be a
result of rather neural decompression and stabilization of the
affected segment than improvement of pelvic balance.

GO191. Spinopelvic Alignment and Functional Outcome
after Circumferential Fusion for Low-grade Isthmic
Spondylolisthesis
Philip Horsting1, Paul Ogink2, Miranda van Hooff2, Noël
Keijsers2, Marinus de Kleuver1
1Department of Orthopedic Surgery, Ubbergen, The Netherlands
2Department of Research, Ubbergen, The Netherlands

Introduction: Functional outcomes after surgery for
low-grade isthmic spondylolisthesis(LGIS) is reported limit-
edly for combined posterior and anterior approach proce-
dures. Imbalances in the sagittal alignment of spine and pelvis
are increasingly seen as the reason for the development and
progression of LGIS. Aims of this study: 1) functional outcome,
2) the effects on spinopelvic alignment, after circumferential
fusion. Surgical treatment goals are restoration of stability,
reduction of slippage, restoration of disc height and angula-
tion, correction of spinopelvic parameters toward neutral
values, and improve functional status. We hypothesized 1) a
significant improvement on clinical outcome at 2-year follow-
up and 2) a stable post-operative situation around the targeted
vertebrae and restoration of the spinopelvic parameters to
values seen in healthy subjects.

Materials and Methods: 43 subjects enrolled with LGIS
at L5-S1. Each subject received a posterior decompression and

pedicle screw instrumentation followed by an instrumented
anterior lumbar interbody fusion in two separate procedures.
(1) Outcome measures were registered pre-operative and
after 12 and 24 months. Primary outcome was functional
status (ODI). Secondary outcomes: Quality of Life (SF-36
subdomains, EQ-5D subscales), and pain intensity (VAS back
and leg pain). (2) Full spine radiographs were taken pre-
operative and after 3, 12, and 24 months postoperative.
Obtained spinopelvic parameters are: sacral slope, pelvic
tilt, pelvic incidence, thoracic kyphosis, L5-S1 lordosis, L1-S1
lordosis and sagittal vertical axis. The degree of slippage
reduction and L5-S1 angular motion was measured. To evalu-
ate both study aims a repeated measures ANOVAwas used to
indicate differences over time.

Results: 42 patients (25 female), average age 39,0 (25–
51) with an average BMI 25,8 (21,5–30,4) participated in the
study. Functional results are given as means with (standard
deviation) pre-operative, at 12 months and 24 months post-
operative for ODI: 35,0 (14,4); 10,0 (15,0); 9,5 (15,3); for SF-36
PCS: 42,0 (12,7); 70,5 (21,0); 71,5 (21,5); for SF-36 MCS: 64,0
(16,6); 81 (19,4); 81,5 (19,5); for EQ-5D: 0,56 (0,29); 0,84
(0,28); 0,83 (0,240); for VAS (back pain): 64,5 (26,2); 16,0
(32,2); 22,0 (23,9). Degree of slip decreased significantly from
27,0% (11,9%) to 7,4% (11,7%) postoperatively. Angular motion
decreased statistically significant immediately postoperative
and remained stable thereafter. L5-S1 and L1-S1 lordosis and
sacral slope showed a significant increase postoperatively,
whereas the pelvic tilt and sagittal vertical axis significantly
decreased.

Conclusion: Circumferential instrumented fusion for
LGIS via combined approach improves functional outcome at
short term follow-up. After careful patient selection and
unsuccessful conservative management surgical treatment
is a suitable alternative with predictable short term outcome.
Circumferential fusion corrects deformity and creates a stable
situation in LGIS. We find that sagittal alignment is probably
influenced positively, by bringing the SVA in a more neutral
position.

GO192. Global Tilt: A Single Parameter Incorporating the
Spinal and Pelvic Parameters Correlateswith Health-Related
Quality of Life Parameters
Caglar Yilgor1, Meric Enercan2, Azmi Hamzaoglu2, Ferran
Pellise3, Francisco Javier Sanchez Perez-Grueso4, Emre
Acaroglu5, Ibrahim Obeid6, Frank Kleinstuck7, Ahmet Alanay1,
ESSG European Spine Study Group8
1Acibadem University, Istanbul, Turkey
2Florence Nightingale Hospital, Istanbul, Turkey
3Spine Unit, Hospital Vall d’Hebron, Barcelona, Spain
4Hospital De La Paz, Madrid, Spain
5Ankara Spine Center, Ankara, Turkey
6CHU Bordeaux Pellegrin Hospital, Bordeaux, France
7Schulthess Klinik, Zurich, Switzerland
8Fundació Institut de Recerca Vall Hebron, Barcelona, Spain

Introduction: Surgical goals and alignment objectives
mostly depend on sagittal plane parameters. SVA, C7 tilt and
T1 tilt account for spinal balance and PI, PT, SS, PI-LL account
for pelvic compensatory mechanism, which are all affected by
patient positioning. GT is the angle between the line drawn
from the center of C7 to the center of the sacral endplate and a
line drawn from the center of the sacral endplate to the center
of the femoral head. GT is a single parameter that takes both
balance and pelvic compensation into account as a single
parameter. GT has been shown to be less affected by patient
positioning compared with SVA and PT. Aim was to analyze
the correlation of GT with HRQoL parameters and compare
with other sagittal plane parameters.
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Material and Methods: A retrospective analysis of a
multicenter, prospective, consecutive patient series. 337 pa-
tients (285F,52M) with adult spinal deformity were included,
(mean age: 58.2� 15.7). Pelvic parameters (PT, PI, SS), sagittal
balance parameters (SVA, T1 tilt), GT and lordosis gap(LGap)
were measured by using Surgimap. HRQoL instruments in-
cluded: Oswestry Disability Index(ODI), Short Form-36, SRS-
22. Correlation analysis between radiographic pelvic and
sagittal balance parameters, GT and LGap was pursued. Krus-
kal-Wallis test was used to compare GT, SVA and PT for
ODI < 20, 20–40 and > 40 disability groups.

Results: Global tilt significantly correlated with ODI,
SRS-22 pain, function, self image, and subtotal scores and SF-
36 PCS (p < 0.01) similar to SVA, PT and LGap. None of the
radiographic parameters correlated with SRS-22 mental
health or SF-36 MCS (Table 1). GT was more sensitive in
detecting ODI disability groups when compared with SVA
and PT (p < 0.01)

Conclusion: GT has a similar or better correlation with
HRQoL domains compared with PT and SVA. This information
adds another important feature of this parameter in addition
to being a single parameter taking into account both the spinal
balance and pelvic compensation and being less affected by
patient positioning.

GO193. Is Sacro-femoral-pubic Angle a Good Indicator of
Pelvic Tilt?
Jee Young You1, Phuong Le2, Woojin Cho3
1Department of Orthopedics, Montefiore Medical Center, Bronx, New
York, United States
2Department of Physical Medicine and Rehabilitation, Montefiore
Medical Center, Bronx, New York, United States
3Albert Einstein College of Medicine Montefiore Medical Center, Bronx,
New York, United States

Introduction: The spino-pelvic alignment is increas-
ingly recognized as crucial in the assessment of patients with
spinal deformities. Three pelvic parameters originally de-
scribed include pelvic incidence (PI), pelvic tilt (PT) and sacral
slope (SS). PT, a positional parameter, has been demonstrated
to correlate with quality of life and clinical outcomes. Al-
though measuring the PT on sagittal radiographs is simple,
underexposed films and malposition of X-rays often result in
poor visibility of the femoral heads. In 2012, a novel measure-
ment, the sacro-femoral-pubic (SFP) angle was introduced to
estimate the PT using coronal films. The formula PT ¼ 75 –
(SFP angle) was derived to correlate the two parameters.
Subsequently, the formula was validated in predicting the
pelvic tilt in patients with lumbar and thoracic scoliosis.
However, more recently another study showed that the SFP
angle correlated poorly with the PT. The objective of our study
was to analyze whether a correlation exists between the SFP
angle and PT in our patient population and to validate the
conventional formula (PT ¼ 75– (SFP angle).We also aimed to
identify factors that may contribute to the formula if our data
sample fails to validate the formula.

Materials and Methods: A retrospective chart review
was performed on 106 adult patients who visited an orthope-
dic spine surgeon of a university hospital. Entire spine poster-
anterior and lateral spine radiographs were used to measure
the PT and SFP, and correlation between PT and SFP was
calculated. The validity of the conventional Eq. (75 - SFP =PT)
was also tested. In addition, clinical data including age, body
mass index (BMI), and gender and other radiographic data
including PI, sagittal balance, and presence of scoliosis were
analyzed to see if therewas any influence of those on using the
formula.

Results: The conventional Eq. (75 - SFP =PT) did not fit
our data. However, the regression model to correlate PT and
SFP angle yielded the following formula: PT ¼ 62 – 0.72*SFP
(R-square ¼ 0.36). The higher the PI, the greater the tendency
of the conventional formula to underestimate the PT andwith
a lower PI, the conventional formula tended to overestimate
the PT (R ¼ �0.38, p < 0.001). Age, BMI, and gender and
sagittal balance did not determine significantly whether the
conventional formula worked or not. The conventional for-
mula worked poorer on the patients with scoliosis than
patients without scoliosis.

Conclusion: The conventional Eq. 75 - SFP =PT did not
match our data. However, SFP anglemay correlatewith PT, but
possibly by a nonlinear formula which indicates that there
might be additional factors that can contribute to creating
such formula such as PI. In reality, however, like PT, PI is
obtained from lateral view X-rays. Therefore, a lateral X-ray
image with good visibility of the femoral heads would be the
best way to measure the PT.

Degenerative Lumbar 3

GO194. Fulfillment of Expectations Two Years after Lumbar
Spine Surgery
Darren Lebl1, Andrew Sama1, Federico P Girardi1, Frank P
Cammisa1, Alex P Hughes1, Roland Duculan1, Carol A Mancuso1
1Hospital for Special Surgery, New York, New York, United States

Background: Patients have multiple expectations of
lumbar surgery and fulfillment of expectations is an impor-
tant but infrequently studied outcome. The objective of this
study was to compare patients’ preoperatively cited expect-
ations with their postoperative ratings of fulfillment of
expectations.

Methods: A longitudinal cohort with 2 year follow-up
at a tertiary spine center of 366 patients before and 2 years
after surgery was conducted. 422 patients preoperatively
completed a valid survey measuring amount of improvement
expected from lumbar surgery for 20 items addressing symp-
toms, function, and mental well-being. Function was mea-
sured with the modified Oswestry Disability Index (ODI), and
psychosocial variables, including depressive symptoms, were
measured with valid scales. Two years after surgery patients
were asked howmuch improvement they actually received for
items listed in the survey. The proportion of fulfilled expect-
ations was calculated as the sum of improvement received
divided by the sum of improvement expected (0%= expect-
ations completely unfulfilled, 100%=expectations completely
fulfilled, > 100%= expectations surpassed). Additional pa-
tient-centered postoperative variables were the ODI and
overall satisfaction with the outcome of surgery.

Results: 401 patients were contacted 2.1 years post-
operatively (range 1.9–3.1 years). Of these 366 participated in
a postop interview to rate fulfillment of expectations (mean
age 55 years, 57% men, 78% degenerative conditions). Mean
proportion of fulfilled expectations was 66% (range 0–200%).
Greater preoperative expectationswere associatedwith lower
proportions of fulfilled expectations postoperatively (p=.002).
Other preoperative variables associated with lower propor-
tions of fulfilled expectationswere: surgery for a degenerative
spine diagnosis [OR 2.8 (1.6–5.0), p=.003]; revision surgery
[OR 2.2 (1.4–3.8), p=.006]; more vertebral levels involved [OR
1.5 (1.3–1.8), p < .0001]; more depressive symptoms [OR 2
(1.3–3.10, p=.001]; and not being employed [OR 2.8 (1.8–4.5),
p < .0001]. Postoperative variables associated with lower
proportions of fulfilled expectations were: less pre-to-post-
operative improvement in ODI scores [OR 9 (5–17),
p < .0001]; having a postoperative fracture or infection [OR
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4.2 (1.5–11.9), p=.007]; and having a subsequent repeat
surgery [OR 3.6 (2.1–6.5), p < .0001]. There were no differ-
ences based on age, sex, marital status, use of narcotics, and
whether a fusion was performed. In multivariable analysis,
greater preoperative expectations, not being employed, revi-
sion surgery, more levels involved, less improvement in ODI
score, and having a subsequent repeat surgery remained
associated with lower proportions of fulfilled expectations
(p�.03 for all variables). Overall 73% of patients were satisfied
with the results of surgery; the proportion of expectations
fulfilled was highly, but not completely, associated with
satisfaction (r=.72).

Conclusions: Fulfillment of expectations varied widely
two years after lumbar surgery. Patients with greater preop-
erative expectations were more likely to have lower propor-
tions of fulfilled expectations postoperatively. Both pre- and
postoperative functional and surgical variables were associat-
ed with fulfillment of expectations. Fulfillment of expect-
ations and satisfaction were associated but remained
distinct patient-centered outcomes.

GO195. 6-Minute Walk Test: A Simple Objective Test in
Screening and Monitoring of Spinal Claudication:
Prospective Study on 1182 Patients
Ying Kei Chan1
1Dr YK Chan and Associates, Hong Kong, Hong Kong

Introduction: The diagnosis, disease severity and out-
come assessment of spinal claudication depend on patient’s
subjective report. In the past, the gold standard for diagnosing
and screening for troubling spinal claudication was lacking.
Quantify severity of claudication by standing and walking
tolerance test used to be the best measure but was tedious.
Simple quantitative test is lacking. The present study uses 6-
minute walk test (6MWT) to solve these problems.

Material and Methods: Patients suspicious of spinal
claudication were prospectively tested on standing and walk-
ing ability. Time when symptom becomes intolerable consti-
tuted the tolerance time. They were tested on distance
(6MWD) they can maximally walk on level ground in shuttle
between a 15m-distance in 6 minute; and screened for
standing and walking instability with Tinetti score. Patients
underwent surgery were monitored. The study was con-
ducted in 2 stages. The first stage is a pilot study on a small
group of patients which aim to establish the correlation
among the different tests modality; standing tolerance test,
walking tolerance test, 6 minute walk test, tinetti gait and
balance test. After the best correlated tests modalities were
found, the study was modified. The standing tolerance test
and the 6 minute walk test were performed on a larger group
of patients to generate sizable database.

Results: Since 2004, 1182 patients were included. The
age-matched 6MWD correlate with 20 minute standing toler-
ancewell with sensitivity and specificity above 0.7. Using ROC
curve, 6MWD that distinguish 20 minute claudication toler-
ance are: 392m (age: 41–50); 377m (age: 51–60); 330m (age:
61–70); 267m (age: 71–80); 236m (age: 81–90). These find-
ings agreed with the findings of another study on the refer-
ence values of 6MWD for normal Chinese subjects. That study
showed that the minimal value of 6MWD for normal Chinese
adults of different age groups was 330m. For those who
underwent surgery, their standing and walking tolerance
significantly improved in first 3 months but not later. The
balance and gait score improved significantly only after 3
months post-operatively. The 6MWD increased significantly
at both 3 and 6months post-operatively, implying that 6MWD
is more sensitive in picking up changes.

Conclusion: 6-minute walk test is a simple, practical
method in screening for spinal claudication. The age matched
6MWD for incapacitating claudication was found. The 6-
minute walk test also provides useful quantitative data for
disease progression and treatment outcome monitoring. In
the present study, we were able to demonstrate that 6MWD
increased significantly at 3 months post-operative period
comparing to pre-operative status and at 6 months post-op
comparing to 3 months post-op period. The improvement of
6MWDwas a reflection of improvement of walking tolerance
and standing tolerance since both tolerance time increased
significantly at 3months after surgery. The improvement from
3 months to 6 months post-op was on the other hand a
reflection of the improvement in gait pattern and balance
ability instead, since only the 6MWD, Tinetti balance and gait
score improved significantly during this period.

GO196. Analysis of Risk Factors for Early Adjacent Segment
Disease Underwent Revision Surgery within 5 Years after
Lumbar Spinal Fusion
Jaewan Soh1, Chang-Hwa Hong1
1Department of Orthopaedic Surgery, Soonchunhyang University
Cheonan Hospital, Cheonan, Republic of Korea

Introduction: There are many concerns about adjacent
segment disease after lumbar spinal fusion using pedicle
screws. Of them, we have a question which occurs early
adjacent segment disease(EASD) within 5 years. We analyze
the risk factors about EASD in patients who underwent
revision surgery within 5 years from first operation.

Materials and Methods: From August 1988 to Decem-
ber 2007, 657 patients underwent lumbar spinal fusion of 3
and less segment to treat degenerative lumbar disease. Among
them, 137 patients underwent revision surgerywithin 5 years
due to adjacent segment disease or previously followed more
than 5 years were included in this study. Gender, age, fusion
method, preoperative diagnosis, number of fusion segments
and radiological measurements were analyzed. In radiological
measurement, pre-& post-operative lumbar lordotic angle
(LLA), pre-& post-operative fusion segment lordotic angle
(FSLA), pre-& post-operative FSLA per level, correction of
LLA, correction of FSLA, and correction of FSLA per level
were estimated. Statistical univariate analysis was performed
with the Chi-square test and multivariate logistic regression
analysis was done by using SPSS 14.0.

Results: There were 13 patients with revision surgery
due to EASD. 6 patients were operated by decompression or
discectomy and 7 patients needed additional fusion. In uni-
vatiate analysis, there was little relationship between EASD
and gender, age, preoperative diagnosis, number of fusion
segments, pre-& post-operative LLA, pre-& post-operative
FSLA, pre-& post-operative FSLA per level, correction of
FSLA and correction of FSLA per level. However, the frequency
of EASD was significantly high in cases where PLIF was more
than PLF(p ¼ 0.023), correction of LLA was > 15°(p ¼ 0.021)
and correction of FSLA per level was > 5°(p ¼ 0.049). In
multivariate logistic regression analysis, the frequency of
ESAD was significantly high in case where PLIF was more
than PLF(odd ratio=17.866) and correction of LLA was > 15°
(odd ratio=19.282).

Conclusions: There was no statistical significance be-
tween EASD and gender, age, preoperative diagnosis, number
of fusion segments, pre-& post-operative LLA, pre-& post-
operative FSLA, pre-& post-operative FSLA per level, correc-
tion of FSLA and correction of FSLA per level. However, PLIF
and correction of LLA more than 15 degree increased risk of
EASD.
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GO197. A Multicenter Prospective Randomized Controlled
Clinical Trial to Evaluate the Effectiveness and Safety of a
Standalone Percutaneous Interspinous Spacer versus
Decompressive Surgery in Degenerative Lumbar Spinal
Stenosis with Neurogenic Intermittent Claudication
Bernhard Meyer1, Jean Charles Le Huec2
1Department of Neurosurgery, Technical University of Munich,
Munich, Germany
2Department of Ortho-Spine, Bordeaux University Hospital, Bordeaux,
France

Introduction: The objective of this study is to show that
aminimally invasive percutaneous IPD is safe and non-inferior
to SDS with regards to clinical outcomes in patients suffering
from Degenerative Lumbar Spinal Stenosis with NIC (Neuro-
genic Intermittent Claudication), relieved by flexion. (Design:
Multicenter international randomized controlled trial)

Methods: One hundred and sixty three patients en-
rolled by 19 sites across 10 countries (mean age 65� 11 years,
51% female, mean duration of leg symptoms 2.5 years) were
randomly assigned to IPD or SDS group and are followed until
24 months. Physical function, symptom severity and patient
satisfaction were assessed by Zurich Claudication Question-
naire (ZCQ) at baseline, 14days, 6 weeks, 6 months and 12
months follow-ups. Leg, buttock/groin and back pain were
assessed by VAS scores. SF-36v2 questionnaire was used to
assess quality of life. In addition, physical examination data
was collected at all-time points. Percentage of re-operations at
index level at follow-up was determined. (Trial registration
NTC00905359)

Results: ZCQ physical function mean percentage
change from baseline to 12 months (primary outcome vari-
able) decreased equally and without statistically significant
difference over all points in time for IPD and SDS group
(respectively, -32 � 32%, -37 � 23%, p ¼ 0.158, CI -5, þ15).
As for secondary outcomes the IPD group showed lower mean
surgical time and mean blood loss (respectively, 24 � 11
minutes and 6 � 10 ml, p < 0.001) compared with the SDS
group (70 � 39 minutes and 157 � 145 ml, p < 0.001).
Symptom severity improved in both groups equally (-31 �
27%, -36 � 25%, p ¼ 0.140, CI -4, þ14). No differences in
patient satisfaction were observed. VAS leg pain score im-
proved with 59% for the IPD and 66% for the SDS group from
baseline to 12 months follow-up. SF-36 v2 physical and
mental aggregated score improved equally over time for
both treatment groups. At 12 months, 47 SAEs were reported,
in 36 patients. Re-operations at index level occurred in 9% of
the patients in the IPD group and in 7% in the SDS group. In 6
patients the IPD was explanted.

Conclusions: This study confirms two prior recent
RCTs. Implantation of an IPD as well as open decompression
achieve both equally satisfying results in patients with NIC.
Both seem to be appropriate procedures with an advantage in
some secondary outcomes for IPDs. So far the significantly
higher reoperation rate for IPDs could not be confirmed in this
study, which opens a window of indication in a subset of
patients with NIC, i.e., those with cardiac or other
comorbidities.

GO198. Comparison of Three Doses of Epidural Steroid
Injection with Single Dose of Epidural Steroid Injection for
Lumbar Radicular pain in Spinal Stenosis Patients
Saeed Ahmad1, Amer Aziz1, Ijaz Ahmed1, Shahzad Javed1,
Naeem Ahmed1, Atiq Uz-Zaman1, Rizwan Akram2

1Department of Orthopaedic and Spine Surgery, Ghurki Trust
Teaching Hospital, Lahore, Pakistan
2Ghurki Trust Teaching Hospital Jallo Mor Lahore, Lahore, Pakistan

Introduction: Low Back pain and lumbar radicular pain
due to Lumbar spine stenosis is one of the most common
complaint in the Spine outpatient department or hospital
admissions. Epidural steroid injection have well established
role in the treatment of lumbar radicular pain, but the exact
dose of Epidural Steroid injection has yet to be decided. The
aim of this study is “To Compare three doses of epidural
steroid injection with single dose of epidural steroid injection
for Lumbar Radicular pain in spinal stenosis patients.”

Materials andMethods: 95 patients with lumbar radic-
ular pain due to spinal stenosiswere randomly allocated into 2
groups. In group A 42 patients were given 120 mg of Depo-
medrol (40 mg per day for 3 days) and in group B, 43 patients
were given 40mgof Depo-medrol as a single dose. Both group
A and Group B were matched in terms of age and gender. On
visual analogue score pain was assessed after 2 weeks, 3
months and 6 months.

Results: In group A (3 doses of depomedrol) VAS
improvement at 2 weeks, 3 months and 6 months were
more than group B(single dose of depomedrol) which was
statistically significant (p < 0.05). There were no major com-
plications like epidural hematoma or abscess formation in
both groups. The overall minor complications like flushing,
transient hyperglycemia and headache due to CSF hypoten-
sion were more in Group A than Group B but statistics shows
no significant difference. All the complications resolved with-
out any morbidity and no patient required further
hospitalization.

Conclusion: In the case of lumbar radicular pain,
Epidural Steriod Injection with 3 doses of Depo-medrol is
more effective than a single dose of epidural steroid without
significant increase risk of complications.

GO199. The Prevalence of High-Intensity Zone in
Symptomatic Patients and Its Correlation with the Disc
Degeneration and Segmental Motion
Jui-Jung Yang1, Hsiang-Ming Huang1, Frank Acosta2, Thomas
Chen2, Zorica Buser1, Jeffrey C. Wang1
1Department of Orthopaedic Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States
2Department of Neurological Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States

Introduction: The high intensity zone (HIZ) represents
a high signal change on lumbar spine T2 MRI images. HIZ has
been involved in disc degeneration and its presence was
associated with inflammation and vascular granular tissue
within the annulus fibrosus. Aim of our study was to investi-
gate the HIZ prevalence, its relationship with disc degenera-
tion and the effect on lumbar segmental motion using kinetic
magnetic resonance imaging (kMRI).

Material and Methods: kMRI images of 353 symptom-
atic patients were analyzed. Data including age, gender, and
radiologic assessments based on neutral images including disc
degeneration grade of all lumbar spine units from L1/2 to L5/
S1 and the presence of HIZ were recorded for all the patients.
Demographics and disc degeneration were used for
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calculating HIZ prevalence. Dynamic flexion and extension
images from 168 patients were used for segmental motion
comparison between the discs with HIZ and without HIZ.
Patients with isthmic or degenerative spondylolisthesis grade
2 or higher, Modic disc or Schmorl’s node were excluded due
to the potential effect on lumbar kinematics. We used chi-
square test and multivariate logistic regression for our statis-
tical analysis.

Results: Among 353 patients, 107 had HIZ in at least
one lumbar disc. The overall HIZ prevalencewas the highest in
age group 40–49 years of age, followed by 50–59 years
irrespectively of disc level. The HIZ prevalencewas the highest
in grade IV degenerative discs, followed by grade III degener-
ative discs. For L4/5 segment, HIZ prevalence was the highest
in age group 50–59 years and disc degeneration grade IV. For
L5/S1 segment, HIZ prevalence was the highest in age group
40–49 years and disc degeneration grade III. The multivariate
logistic regressionmodel indicated that the age groups (30–39
and 40–49 years), levels (L4/5 and L5/S1) and disc degenera-
tion grades (III and V) were risk factors for HIZ. The segmental
angular motion was signicantly greater in discs with HIZ than
thosewithout HIZ on L4/5 and L5/S1. However, the differences
were reduced to insignificant when adjusted for disc degen-
eration grade.

Conclusion: HIZ prevalence was the highest in the
middle age patients (30–39 and 40–49 years) and in the
moderately degenerated discs (III and IV). The lower preva-
lence was observed in the older patients and grade V degen-
erative discs. The possible reason of increased segmental
angular motion at L4/5 and L5/S1 discs with HIZ may be
due to the moderate disc degeneration than HIZ itself.

GO200. Concordance between Patients’ and Surgeons’
Expectations of Lumbar Spine Surgery
Darren Lebl1, Andrew Sama1, Carol A. Mancuso1, Roland
Duculan1, Frank P. Cammisa1, Alex P. Hughes1, Federico P.
Girardi1
1Hospital for Special Surgery, New York, New York, United States

Background: Patients undergo lumbar surgery because
theyexpect improvement in physical and psychological symp-
toms. Patients and surgeons need to share an understanding
of what are possible, probable and realistic expectations so
they can work toward the same goals. The objective of this
study was to compare concordance (agreement) within the
patient-surgeon pair regarding expectations of lumbar sur-
gery. A cross-sectional study of 184 patients scheduled for
lumbar surgery and their surgeons performed at a tertiary
spine center

Methods: Patients scheduled for lumbar surgery were
recruited from the practices of 5 spine surgeons and inter-
viewed in person several days before surgery with several
patient-centered questionnaires including the modified Os-
westry Disability Index (ODI) (score range 0–100, higher is
worse), the Geriatric Depression Scale (score range 0–30,�11
is a positive screen for depression) and the valid Lumbar Spine
Surgery Expectations Survey. The 20-item Expectation Survey
addresses symptoms, physical function, and psychological
well-being, and asks how much improvement is expected
with response options of “complete” (=4 points), “a lot” (=3
points), “a moderate amount” (=2 points), “a little” (=1 point),
or “no improvement/this expectation does not apply to me”
(=0 points). An overall score is calculated as the sum of all
responses (range 0–100, higher is greater expectations); a
clinically important difference is 20 points. Before surgery,
surgeons completed an identical survey asking them to rate
howmuch improvement they expected for each item for each
of their patients. The surgeon’s survey is scored similarly to

generate an overall score (range 0–100). Concordance be-
tween scores for each patient-surgeon pair was measured
with the intraclass correlation coefficient (ICC) for continuous
data [range -1 (perfect disagreement), 0 (agreement no better
than chance); þ1 (perfect agreement)].

Results: Patients completed the Expectations Survey a
mean of 10 days before surgery; mean age 54 years, 51% men,
mean ODI score 54 � 13, 33% had a positive screen for
depression, 16% had a diagnosis of acute herniated nucleus
pulposus, and 84% had a degenerative condition. The 5
surgeons were age 37–59 years, in practice for 4–27 years,
and all had completed a spine fellowship. The number of
patients per surgeon ranged from 22–57. The mean Expecta-
tion Survey score was 73 � 19 for patients and 57 � 16 for
surgeons. 87% of patients had higher scores (i.e., greater
expectations) and 11% of patients had lower scores (i.e., lesser
expectations) than their surgeons, and for 43% the difference
exceeded a clinically important difference. The concordance in
scores (ICC) between patient-surgeon pairs for the entire
sample was 0.37. There were differences in ICC based on:
demographic characteristics [men (0.47) versus women
(0.27)]; diagnosis [acute herniated nucleus pulposus (0.55)
versus degenerative condition (0.32)]; psychological status
[negative screen for depression (0.43) versus positive screen
for depression (0.22)]; and disability [better ODI score (0.46)
versus worse ODI score (0.23)].

Conclusions: There was wide variation in expectation
scores between patients and their surgeons and for more than
one third of patients this exceeded a clinically important
difference. Lower concordance was not exclusively related to
any particular feature but was associated with demographic,
diagnostic, and clinical characteristics.

GO201. A Radiological Evaluation of Effect of a Single Level
Trans-Foraminal Lumbar Interbody Fusion (TLIF) on Lumbar
Sagittal Parameters
Khalid Salem1, Charles Fisher1, Marcel Dvorak1
1Vancouver Spine Surgery Institute, Vancouver, Canada

Aim: To investigate the effect of a primary single level
TLIF on the lumbar sagittal profile (segmental lordosis and
total lumbar lordosis) comparing pre-operative, intra-opera-
tive and post-operative radiographs in patients with lumbar
spine degenerative disease.

Methods: Patients over the age of 16 who underwent a
single-level interbody fusion for degenerative stenosis and/or
spondylolisthesis without scoliosis between March 2008 and
March 2014 were reviewed. Age, gender, surgical level, surgi-
cal approach, facetectomy (unilateral vs bilateral) were re-
corded. Standardized pre and early and 6month postoperative
upright radiographs as well as an intra-operative lateral
radiographs were analyzed for the pelvic incidence (PI),
segmental lordosis (SL) at the TILF level and total lumbar
lordosis (TL). Data analysis was performed after confirming
normality using a paired t-test and is presented as mean (SD).
p-value < 0.05 was considered significant.

Results: 69 patients were reviewed. The mean age was
58.6 (13.6) years, 39 males (56.5%), a Wiltse approach was
used in 30 (43.5%) while 39 had a midline posterior approach.
Segments operated were L2/L3 (1 case), L3/L4 (6), L4/L5 (43),
L5/S1 (19) and bilateral facetectomy was performed in 13
(18.8%). SL changed from 15.2° (7.3) preoperatively to 20.4°
(7.7) intraoperatively (p-value < 0.0001) but measured 17.9°
(7.2) (p-value < 0.0001) on early postoperative images and
17.2° (7.3) at 6 months follow up (p-value= 024). The total
improvement in SL at 6 months was 2° (6.7), (p-value= 0.001).
TL change was insignificant on the early postoperative X-rays
(48.5° (12.4) to 47.2° (11.3), p-value= 0.37) but significantly
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increased to 53.1° (11.5) at six months (p-value < 0.0001)
with a total improvement of 4.6° (10) (p-value= 0.001). The
mean pelvic incidence was 59.7° (11.2). The cage subsided in
11 (15.9%) cases and we had no metal work loosening.

Conclusion:At the level of the TLIF,muchof the lordosis
achieved intra-operatively is lost once the patient mobilizes.
An improvement in the total lumbar lordosis at 6 months
following surgery is likely to be due to the decompression
component of the surgical intervention.

Basic Science 2

GO202. Novel Circulating microRNA Signature as a Potential
Non-invasive Test in LDH Patients: a Cohort Study
Xiaoya Zhou1, Lili Chen1, Sibylle Grad2, Mauro Alini3, Haobo
Pan1, William Lu4, Shishu Huang5, Songlin Peng6
1Center for Human Tissues and Organs Degeneration, Shenzhen
Institute of Advanced Technology, Chinese Academy of Sciences,
Shenzhen, China
2Musculoskeletal Regeneration Program, AO Research Institute Davos,
Davos, Swaziland
3AO Research Institute Davos, Davos, Switzerland
4Department of Orthopaedics and Traumatology, Faculty of Medicine,
The University of Hong Kong, Hong Kong, China
5Sichuan University/State Key Laboratory of Oral Diseases, Chengdu,
China
6Department of Spine Surgery, Shenzhen People’s Hospital, Jinan
University School of Medicine, Shenzhen, China

Introduction: Lumbar disc herniation (LDH) is one of
the major causes for back and sciatic pain that costs large
medical expense. Accumulating evidence has indicated that
microRNAs (miRNAs), a small non-coding RNA molecule, are
associated with disc degeneration, the profile of miRNAs in
the LDH patients with indication for laminectomy remains
unclear.

Material and Methods: MicroRNA profiling was per-
formed on plasma samples of 4 groups: LDH-young group
(n ¼ 8, average age is 31), LDH-old group (n ¼ 8, average age
is 56), healthy control-young group (n ¼ 4, average age is 20),
healthy control-old group (n ¼ 6, average age is 58). The
miRNAs expression were further validated by qRT-PCR.

Results: The miRNAs with p-values < 0.05 and fold
change values �2 or � 0.5 compared with healthy control
were regarded as dysregulated miRNAs. 61 miRNAs were
upregulated and 302 were downregulated in LDH-young
group compared with healthy control-young group. In addi-
tion, there are 46 upregulated miRNAs and 115 downregu-
lated in LDH-old group compared with healthy control-old
group. In particular, 12 upregulated and 71 downregulated
miRNAs expressed significant differences both in the LDH-
young group vs healthy control-young group and the LDH-old
group vs healthy control-old group. Among them, miR-224
was upregulated 4.04-, 16.99-fold in LDH-young and LDH-old
groups compared with healthy control-young and healthy
control-old groups, respectively (p < 0.01 for both). Besides,
relative to old groups, miR-130b and miR-147b were down-
regulated significantly in young groups, both of which were
reported to be associated with disc degeneration.

Conclusion: The selected miRNAs might play a vital
role in the molecular pathogenesis of LDH and further re-
search for the understanding of the functionality and patho-
logical mechanism of the miRNAs in LDH is important and
would shed new light on LDH.

GO203. Association Analysis of Col9A1, Col9A2, Col9A3,
Aggrecan and TNF-α Gene Polymorphisms with Early Onset
of Disc Herniation in Indian Population
Kavitha Rajsekar1, Nandita Narayanasamy2, Meenakshi Kuhar2,
Sandeep Vaishya3, Rajasekaran Shanmuganathan4, Niranjali
Devaraj5
1Department of Health Research, Ministry of Health and Family
Welfare, New Delhi, India
2Department of Biochemistry, New Delhi, India
3Department of Neurosurgery, Haryana, India
4Department of Orthopaedics and Neurosurgery, Coimbatore, Tamil
Nadu, India
5Department of Biochemistry, Chennai, Tamil Nadu, India

Introduction: Intervertebral disc being an avascular
tissue,the extracellular matrix protein play a major role in its
structural stability. The pathophysiology underlying the pro-
cess of Disc Herniation is still not clear but genetic factors play
a vital role in the early occurrence of the disease.The studywas
initiated to determine the association of Collagen9A1, Colla-
gen9A2, Collagen9A3 and TNF-α gene polymorphisms in Disc
herniated patients in comparison to healthy individuals in
Indian population.

Methods: Pre Operative blood samples were collected
from 20 patients under going surgery for disc herniation
between the age group of 20–60years and 10 samples from
healthy individuals with no history of Intervertebral disc
disease. DNA was isolated, primers designed for selected
exonic regions in the triple helical binding sites for Collagen
and for complete 2763 bp of TNF-α and VNTR in exon 12 for
aggrecan, performed PCR and samples sequenced for analysis
of polymorphic variants. Genotypic and phenotypic distribu-
tions were compared with Healthy controls. Hardy Weinberg
calculations were done to correlate the allelic/genotypic fre-
quencies in the both study groups.

Results: The PCR sample analysis resulted in identifi-
cation of 11 variants in complete TNF-α gene, 8 variants in
Col9A1, 6 variants in Col9A2 and 3 variants in Col9A3 gene.
Polymorphic variants pro620thr,gln621arg and a splicesite
variant at intron-exon29 A > C for Col9A1,gln326arg for
Col9A2 and ser2 gly and ala16 to arg for TNF-α were statisti-
cally significant. These variants were predominant in lower
age groups of 40 years .Aggrecan showed the allele 14 and 15
to be common among both the study groups.The healthy
subjects for Collagen9 did not show any variant where as
TNF-α showed 3 variants which were not statistically
significant.

Conclusion: The SNP at amino acid proline 620, gluta-
mine 621 in Col9A1, glutamine 326 in Col9A2 and arginine
103 for Col9A3 are important for the stability of the triple
helical structure of collagen9 and can be directly corelated to
the early occurrence of the disease in younger patients. There
was no association between an aggrecan VNTR polymorphism
and disc herniation. The TNF-α gene variantswere not directly
correlated to the onset or progression of the disease but could
influence their expression levels which could trigger addi-
tional inflammatory response as in rheumatoid arthritis. PCR
geneticmarkers can be used as a diagnostic tool to identify the
progression of the disease as in Ankylosing spondilosis. This is
a first report on Indian population in Disc Herniated patients.
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GO204. Anatomical Safety of the U.S.S. Pedicular Hook-
Screw in the Adult Thoracic Spine
A. Tsantrizos1, A. Alobaid3, A. Andreou1, V. Arlet2, M.N.S.
Alsaqabi3, T. Steffen1
1McGill Orthopedic Research Laboratory, Montreal, Canada
2Division Head of Scoliosis and Spine Surgery,Warren StampAssociate
Professor of Orthopaedic Surgery, University of Virginia,
Charlottesville, Virginia, United Stataes
3Department of Spine Surgery, Alrazi Orthopaedic Hospital, Kuwait
City, Kuwait

Introduction: Pedicle hooks have been extensively
used in spine surgery. One of the major concerns of such
instrumentation is the pullout of the implants. Recently, a
screw that anchors the pedicle was added to secure the hook,
and to improve both pullout strength as well as purchase. An
anatomical studywas performed on human cadavers to assess
the anatomical safety of these implants. From this study, we
can conclude that the use of screws tohold the pediclehooks is
generally safe. Further studies should be done to assess this in
deformed spines.

Materials &Methods: Eleven embalmed human cadav-
ers with a mean age of 76 years (6 male bodies and 5 female
bodies) were used for this study. The same staff spine surgeon
performed all surgical procedures. The thoracic pedicles were
instrumented bilaterally starting from T1 down toT12with an
AOUniversal Spine SystemPedicularHook Screw. Abandoning
the procedures was permitted whenever the safety of any
neural structures was jeopardized or the implant could not be
placed correctly. The surgeon’s comments were documented.
For subsequent analyses after instrumentation, the spines
were harvested en-bloc and later dissected into individual
vertebrae. Two independent blinded observers did a visual
inspection to grade the hook and screw positions. All speci-
mens were then radiographed individually in three dimen-
sions (antero-posterior, medio-lateral & cranio-caudal). Two
blinded observers independently evaluated the hook and
screw positions following the visual classification system.
Only the antero-posterior and lateral radiographs were pro-
vided, because only these would be available in a clinical
situation.

Results: Thirty-five implant placements (ten in T11,
eighteen in T12 and seven in all other levels) were abandoned
prior to the surgical procedure. Six hookswere requested to be
repositioned. Four implant placements were abandoned after
drilling the screw hole (three screws with a medial deviation,
and one screw with a lateral deviation). Of the remaining 225
implants, 29 were lost during harvesting and preparation,
leaving 196 implants for further evaluation. One hundred and
eighty three implants were considered safe by the surgeon at
the end of the surgical procedure, 13 were believed not to be
safe andwere removed. No screwswere found tobe disrupting
the integrity of the neural structures in the canal or in the
foramen. A comparison between the visual and radiological
evaluations of both the screw and hook positions was per-
formed. The visual evaluation showed an inter-observer
agreement of 85% for the hooks and 78% for the screws. The
radiographic evaluation showed an agreement of 75% for the
hooks, and of 43% for the screw between observers, a value
considerably lower than expected. When comparing each of
the two radiological evaluations to the “gold standard,” only
62% to 67% of the hooks and 42% to 48% of the screws had an
agreement.

Conclusion: Overall, the use of U.S.S. pedicle hook-
screws is suggested to be safer than either the conventional
pedicle hook, which is oftenmalpositioned inside the canal, or
the classical pedicle screw, which is too large for the thoracic
pedicles.

GO205. Results after Lumbar Discectomy for Herniated Disc
in Worker’s Compensation Patients: more than 15 Years of
Follow- up
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1Department of Orthopedic Surgery, University of Chile, Spine Group,
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4Department of Orthopedic Surgery, Andres Bello University/Spine
Surgery Group, Hospital del Trabajador, ACHS, Santiago, Chile
5Spine Surgery Group, Clínica Alemana, Santiago, Chile

Introduction: Published literature has identifiedwork-
er’s compensation population to have worse results after
lumbar discectomy for herniated disc compared with general
population. However the advantage of complete follow-up
due to its captive population is well know. This study aims to
evaluate lumbar discectomy outcomes, prognostic factors and
recurrence rate after more than15 years of follow-up.

Material and Methods: A retrospective review of 50
worker’s compensation patients operated consecutively be-
tween 1997–1998 in Hospital del Trabajador for primary
herniated lumbar disc was performed. Electronic medical
records analysis was conducted until June 2015. Primary
outcomes were surgical complications, sick leave, return to
work, work compensation, chronic postoperative low back
pain and reoperation for recurrent lumbar disc herniation.
Statistical analysis looking for prognostic factors in lumbar
discectomy evolution was realized.

Results: We found 44 men and 6 women with a mean
age of 36.5 (22–66) years. One hundred percent follow-upwas
achieved with a mean time of 18 (17.5–18.5) years. Most
patients were light workers (58%). Lumbar herniated discs
were mostly located at L5-S1 (n ¼ 35) followed by L4-L5
(n ¼ 12). 74% were posterolateral disc herniations and 22%
were central. Mean preoperative, postoperative and total sick
leavewas 37.9 (1–109), 57.7 (28–175) and 95.6 (35–203) days
respectively. An intraoperative complication rate of 2% was
seen, while no infectious complications were reported. All
patients returned to work, most of them to the same work
(88%). 10% received work compensation. During follow up,
32% (16/50) required a new period of sick leave with a mean
sick free time of 64.4 (4–135) months. 8 of thesewere due to a
new episode of low back pain. The rest were 6 recurrent disc
herniations and 2 other level disc herniations that required
new surgery. At 5, 10 and more than 15 years of follow-up
recurrence rate was 8%, 12% and 12% respectively, while
chronic low back pain was 8%, 10% and 12% respectively.
Psychological disorders found in 18% patients were associated
with longer sick leave (62.8 versus 56.6 days. p < 0.05) and
higher need of work compensation (33% versus 4.9%,
p < 0.05). Patients with preoperative infiltrations (33/50)
required more new periods of sick leave (33% versus 5.9%,
p < 0.05). Age, type of work, previous low back pain episodes,
disc herniation characteristics and preoperative sick leave
showed no statistically significant association with postoper-
ative evolution.

Conclusion:As found in previous study, the presence of
physiological disorders, also known as non-organic symp-
toms, and preoperative infiltrations were associated with
worse results after lumbar discectomy. This manifested as
longer sick leave periods and higher need of work compensa-
tion. Age, type of work, disc herniation characteristics and
preoperative sick leave did not represent bad prognostic
factors. Disc herniation recurrence rate increased from 8% at
5 years of follow-up to 12% at 10 and over 15 years of follow-

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS126



up. This recurrence rate is similar to the one reported in
literature. Ten percent of postoperative chronic low back pain
at 10 years and 12% with more than 15 years of follow-upwas
observed.

GO206. Functional Outcomes of Microdiscectomy- Does
Obesity affect Early Postoperative Outcomes?
Mazin Foodoul1, Abdel Moeen Baco1, Ahmed Attia1
1Department of Orthopaedics, Hamad Medical Corporation, Doha,
Qatar

Introduction: Lumbar Disc pathology remains one of
the leading causes of back pain with a multitude of surgical
options. Choosing the best management option remains a
challenge for many practitioners due to the individualized
needs and variables of each patient. Obesity poses a challenge
to surgeons regarding anesthesia, positioning and adequate
exposure which required longer incisions. Studies showed
that in selected patient population,microdiscectomyachieved
favorable short and long term outcomes with most patients
achieving a good to excellent recovery on Macnab Classifica-
tion up to 10 years post operatively. Studies also showed that
obesity was not associated with increased risk of herniated
nucleus pulposus after microdiscectomy, However, increased
BMI was associated with significantly increased estimated
blood loss (EBL) and operative time without affecting the
surgical outcomes such as length of hospital stay, recurrent
disc herniation, and intra-operative durotomy.

Methods: Study subjects were identified through the
microdiscectomy registry at Hamad Medical Corporation. 50
patients who had microdiscectomy over one year prior to the
closure of the study were enrolled. The study population was
divided into two groups according to their BMI. Group A had
BMI less than 25 kg/m2while group B included those with a
BMI equal to and above 25 kg/m2. Patients’ medical records
were reviewed for demographics, complications and radio-
graphic findings. Patients were interviewed and Short Form
12 (SF-12) and Visual Analogue Scale (VAS) scores were
obtained and comparedwith their preoperative counterparts.

Results: Statistical analysis showed no significant dif-
ferences in SF-12 or VAS scores between the 2 groups at one
year follow up.

Conclusion: In the early post operative period, quality
of life and pain following microdiscectomy is not affected by
the patient’s BMI.

GO207. Treatment of Gait and Sensory Changes in
Experimental Disc Herniation Radiculopathy by Local and
Sustained Anticytokine Delivery
Mohammed Shamji1
1Division of Neurosurgery, Toronto Western Hospital, Toronto,
Canada

Objective: Disc-herniation induced radiculopathy
arises from both mechanical compression and biochemical
inflammation of apposed neural elements. The mechanisms
that underlie evolution of a painful neuropathy remain unde-
fined. This in vitro and invivo study demonstrated the effect of
nucleus pulposus (NP) material toward inflammatory activa-
tion and defined the need for intraneural macrophage migra-
tion after placement heterotopic disc tissue to generate the
painful neuropathy phenotype.

Methods: In vitro analysis involved evaluating the
mouse peritoneal macrophage response to NP-conditioned
media for neurotrophin expression (mRNA by PCR) and
inflammatory activation (nitric oxide by Greiss reaction). In
vivo work involved C57BL/6 mice underwent a surgical pro-

cedure with mid-thigh exposure of the sciatic nerve. Control
animals underwent exposure only (n ¼ 12) and experimental
animals underwent placement of littermate tail nucleus pul-
posus (NP, n ¼ 12). Animals were evaluated throughout one
week for mechanical allodynia by Von Frey testing, thermal
hyperalgesia by heat withdrawal latency, cold allodynia by
acetone testing, and gait stability by RotaRod testing. At
sacrifice, immunohistochemistry was performed to identify
perineural and intraneuralmacrophage and lymphocyte pres-
ence. Necessity of intact macrophage activitywas tested using
a tamoxifen-induced CreER macrophage-selective BDNF
knockout system and bisphosphonate-induced macrophage
depletion.

Results: Peritoneal macrophages exposed to NP-con-
ditioned media exhibited progressively heightened levels of
nitric oxide production as well as heightened neurotrophin
expression at 72 hours. Mice exposed to heterotopic NP
stimulation demonstrated substantial mechanical allodynia,
thermal hyperalgesia, and cold allodynia compared with
controls. Intraneural macrophage infiltration was observed
in this group, alongside associated autoreactive lymphocytes
at the disc-nerve interface. Macrophage depletion using bi-
sphosphonate-containing liposomes prevented both perineu-
ral accumulation and intraneuralmigration ofmacrophages as
well as evolution of the painful phenotype. Knocking out
inflammatory cell BDNF activity in the CreER animals still
permitted perinenural macrophage accumulation but elimi-
nated intraneural macrophage migration as well as evolution
of the painful phenotype.

Conclusion: Disc NP material induces inflammatory
activation among macrophages as well as upregulated neuro-
trophin expression. Non-compressive disc herniation leads to
altered behavior in this animal disease model, with demon-
strated need for intraneural macrophagemigration. Strategies
to decrease perineural inflammation or maintain integrity of
the blood nerve barrier may be effective in treating painful
disc-herniation radiculopathy.
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GO208. Efficacy and Safety of Minimally Invasive Axial
Presacral L5-S1 Interbody Fusion in the Treatment of
Lumbosacral Spine Pathology: A Retrospective Clinical and
Radiographic Analisis
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Introduction: The surgical treatment of disc disease L5-
S1 is considerably controversial and a source of debate and
applied research. TheAxiaLif® Technique (Trans1, Wilmington,
NC) involves the fusion of the anterior segment L5 -S1 using a
minimally invasive pre-sacral approach. It consists of a short
parasacral distal incision, the cut of the sacro-coccygeal liga-
ment and the gradual detachment of the mesorectum from
the front wall of the sacrum. Through a dedicated minimally
invasive system S1 is reached and a simple guide set enable
the surgeon to perform discectomy and prepare the disc space
for the graft filling and house the screw. In selected cases is
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possible to perform a circumferential fusion through posterior
fixation with percutaneously inserted systems such as either
trans – articular screws or pedicle screws/rods.

Materials andMethods: From2009 to 2013 a total of 52
patients have been treated with L5-S1 interbody fusion
through AxiaLif® Technique (Trans1, Wilmington, NC). The
patients cohort is subdivided in 12 males and 40 females,
mean age 46.3 years (range 21–67). Diagnosis included L5
isthmic spondylolisthesis low-grade dysplasia, primary de-
generative disc disease, disc disease secondary to previous
discectomy. Exclusion criteria included previous abdominal
surgery and anatomical anomalies of the sacrum (curvature of
the sacrum did not allow an ideal passage of the probe). 43
patients have been followed for at least 2 years. Baseline
imaging included plain and dynamic radiographs and MRI.
Fusion assessment was based on plain radiographs and Bran-
tigan fusion criteria at 1, 6, 12 and 24 months after surgery. In
addition, all patients completed the VAS and ODI at baseline
through last follow-up.

Results: The clinical results showed a good resolution
of painful symptoms and a good recovery of the quality of life.
VAS back demonstrated an average reduction over baseline of
50%, 57%, 71%, 77% at 3 month, 6 month, 12 month and 24
months, respectively (p < 0.001). ODI demonstrated an aver-
age reduction over baseline of 38%, 51%, 67%, and 72% at the
same time points (p < 0.001). There were 27 subjects with 36
month data that demonstrated an average 80% reduction in
pain and a sustained reduction in ODI by 73%. Complete fusion
was demonstrated in 65% of cases, 30% partial fusion and 5% in
the absence of bony bridges visible radiographically. Two
major complications: 1 retroperitoneal hematoma, requiring
surgical evacuation and 1 spondylodiscitis due to Staphylo-
coccus aureus, resulting in the removal of the axial screw and
targeted antibiotic therapy, with complete recovery at the
end. One minor complication, a superficial infection of the
surgical wound, which resolved with antibiotic therapy.

Conclusions: The surgical treatment of disc disease at
L5-S1 with minimally invasive technique Axialif has led to
good clinical outcomes. In our opinion, this method can be a
good alternative tomore aggressive approaches such as either
the anterior retroperitoneal one or the posterior one. The first
option actually could led to higher risk of complications and
the frequent need of the vascular surgeon assistance. The
second option is destructive for the lumbar muscles and
requires a longer recovery period. In the case series presented,
the low rate of complications, the high value of patient
satisfaction and the efficacy of radiographic fusion justify
the choice of this type of L5S1 arthrodesis. Moreover, shorter
hospitalization and faster functional recovery are adding
factors to choice this technique in selected cases.

GO209. Thoracic Disc Herniation: 20 Years Experience in 82
Cases
Abolfazl Rahimizadeh1
1Iran University of Medical Sciences, Tehran, Islamic Republic of Iran

Objective: Thoracic disc herniation in uncommon
though its surgical management remains challenging topic.
Surgery of such disc herniation represents less than 1%to 2% of
operation for all disc disease. However, there is no consensus
on the best approach and reports are based on small series.

Method:This study includes 82 patients with thoracic
disc herniation operated in the past 20 years. 71 cases were
operated via transthoracic or retopeitonral subdiphargmatic
approach and nine through transfacet pedicle sparing route
and Two with T1-T2 through low suprasternal notch corridor.
In 12 instances two level discs were approached and in one
three level, corpectomywas done in 3 cases. Autogenous graft

was used in 18 cases, simple cages in 36, expandable cage in
three and allograft in the remaining cases.

Result: Clinical outcome according to the thoracic JOA
Score showed significant postoperative improvement. All
transfacet pedicle sparing cases and two cases with isolated
T1-T2 showed excellent result. six of the anterior group cases
were complicated with unilateral paralysis of abdominal wall
muscles. Intraoperative dural tear occurred in 4 cases which
were sutured . All the patients in this group showed marked
recovery except one who was temporarily deteriorated but
gradually became better but not fully yet . In two other
patients who were wrongly operated with laminectomy and
screw fixation no recovery was seen in one but the other one
has shown some recovery. In one case where the dura was
covered with a thin layer of free fat graft for control of
bleeding, overgrowth of fat was observed without any neu-
rology till now .

Conclusion: Surgery of thoracic disc pose a challenge to
the surgeon. The type of the surgery depends on the location
of the disc .Centrally located ones and calcified hard ones are
best achieved anteriorly But does located laterally via trans-
facet pedicle spring.Clinical outcome after surgery of a herni-
ated thoracic disc proved successful, especially when the disc
consistency, is evaluated before surgery and the affected level
intraoperatively. Microscope, patience and the learning curve
are important in achieving good result.

GO210. Qualitative GradingonMagnetic Resonance Imaging
as a Tool for Decision Making in Lumbar Spinal Stenosis
Shardul Soman1, Jayprakash Modi2
1Spine Fellow at Government Spine Institute, BJ Medical College and
Civil Hospital, Ahmedabad, Gujrat, India
2Professor and Head of Unit, Department of Orthopaedics, BJ Medical
College and Civil Hospital, Ahmedabad, Gujrat, India

Introduction: Several parameters exist for assessment
of lumbar spinal stenosis (LSS) but none has shown to be an
absolute criteria for defining the condition. Moreover these
parameters lack clinical correlation to help physicians to
decide on the plan of management.

Aim: To assess the clinical relevance of the qualitative
grading described for LSS and to formulate a protocol for
management of these group of patients.

Materials and Methods: A prospective study was un-
dertaken between the period of 2014–15 using the qualitative
grading based on T2 weighted MRI1 to assess the clinical
outcome of 83 patients with clinical signs and symptoms
suggestive of lumbar spinal stenosis at a single level to divide
them into 7 morphological categories A 1–4,B, C, and D.
Patients with more than two level stenosis, congenital steno-
sis, instability, having undergone previous surgery, other
neurological disease were excluded. The diagnosis and the
qualitative grading was done by a Senior surgeon not part of
the study. Irrespective of the grade every patient underwent a
minimum three month period of conservative management
after which depending on the Oswestry Disability Index (ODI)
and Visual Analogue Scale (VAS) for pain was grouped into
success or failure and the failed patients were advised for
decompression surgery in form of laminectomy at the in-
volved level. These patients were further grouped into success
or failure after a period of three months after surgery. A 15
point decrease in ODI and a VAS scale of less than 5 on
admission into the study was considered as a success.

Results: Out of the 83 patients there were 57 failure in
conservative group while out of these 50 were operated of
which only 10 did not match the success criteria, while the
other 7 either refused surgery or were lost to follow up. As per
the grading in types A1 and 2 only 2 patients out of 17 failed
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conservative trial while in all the other grades from A3 to D
there was a gradual decline in success of conservative trial. In
patients with grades C and D all patients failed conservative
trial and required surgery. In comparison for grades A3 to D
operative outcome had a significantly better outcomes as
measured by the Chi-square test with p-value < 0.05 consid-
ered significant.

Conclusion: We conclude that the qualitative grading
can be used as a tool for decision making in LSS . Patients with
grade A4, B, C and D should be advised for an early surgery to
achieve a good functional outcome as there was a high
incidence of failure of conservative management in these
patients. While in patients with grade A1 to A3 a conservative
management is to be recommended.
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GO211. The Surgical Management of Low Grade Single Level
Adult Degenerative Spondylolisthesis: Posterolateral Fusion
versus Posterior Lumbar Interbody
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Introduction: Posterolateral Fusion (PLF) and Posterior
Lumbar Interbody Fusion (PLIF) are procedures that can be
undertaken for the surgical management of degenerative low
grade spondylolisthesis. Although there is tentative evidence
in the literature that PLIF provides an increased fusion rate and
therefore an improvement in symptomology, PLIF surgery
does carry an increased peri- and post-operative complication
rate. The aim of this study was to establish which surgical
intervention has the better outcomes.

Materials andMethod: A prospective cohort studywas
undertaken of patients who underwent a single level instru-
mented fusion for low grade degenerative lumbosacral spon-
dylolisthesis between 2008 and 2010. There were 56 patients
in total, with 36 patients in the PLF group (group1), and 20
patients in the PLIF group (group 2). Follow-up was at 3
month, 1 year and 3 year post operatively. Visual analogue
leg pain score (VAS), Oswestry Disability Index (ODI) for back
pain, and SF 12 Health Survey were measured pre and 3 year
post operatively. All patients were assessed by MRI scans
preoperatively. Standardized lumbosacral radiographs were
taken preoperatively, and at 3 month, 1 year and 3 year
postoperatively, to assess radiological union.

Results: In the PLF group, the VAS score improved from
8 to 2, the SF 12 score from 25 to 76, and the ODI score from 36
to 8. In the PLIF group, the VAS score improved from 8 to 4, the
SF 12 score from 27 to 72, and the ODI score from 38 to 12. All
improvements were statistically significant. There was a
statistically larger improvement margin in all scores in the
PLF group than in the PLIF group. Radiological union was
demonstrated in 91% of all patients, with 95% of patients in
each group demonstrating at least, unilateral lateral mass
bone graft incorporation.

Conclusion: We conclude that PLF surgery is superior
to PLIF surgery for the surgical management of low grade
single level degenerative spondylolisthesis

GO212. How Lumbar Disc Geometrics Affect the Risk for Rod
Fracture in Patients Undergoing Adult Spinal Deformity
Surgery: An Initial Report
David Briski1, Joseph Zavatsky2, Brandon Cook1
1Department of Orthopaedic Surgery, Ochsner Medical Center, New
Orleans, Louisiana, United States
2Spine and Scoliosis Specialists, Tampa, Florida, United States

Introduction: Rod fracture (RF) may have significant
consequences for patients, including pain, loss of deformity
correction, and the need for revision surgery. Risk factors
associated with RF includes age, previous spine surgery,
insufficient sagittal plane correction, rod material and bend-
ing, and pedicle subtraction osteotomy (PSO). Lumbar disc
geometrics, regardless of PSO,may be a risk factor affecting RF
rates. Out Objective is to evaluate disc geometrics as a risk
factor for RF in patients undergoing surgical correction for
adult spinal deformity (ASD).

Materials/Methods: A retrospective review of a single
surgeon’s practice from 2010 to 2014 was performed. All
patients who underwent long fusion constructs for adult
deformity with a minimum of 2-year follow-up with radio-
graphs were included. Patients were divided into 2 Groups:
Group 1 (RF) - patientswho sustained a rod fracture, Group 2 -
patients without RF.

Results: Thirty-seven of 41 patients met inclusion
criteria. Group 1 - included 11 patients (30%) with RF, all
requiring revision surgery. Group 2 - included 26 patients
(70%) who did not have evidence of RF at 2-year follow-up.
There was no significant difference between the 2 Groups
regarding age, weight, construct length (12 versus 11 levels),
apical lordosis level (L3), pre or post-operative lumbar lordo-
sis, or mean number of non-fused lumbar discs (3). Twenty-
one of the 37 patients (54%) had a PSO performed. There was
no difference in the prevalence of PSO between the 2 Groups:
5/11 patients (45%) in Group 1 (RF) versus 17/26 patients
(65%) in Group 2. Nineteen of the 37 patients (51%) had
previous lumbar spinal surgery. Measurements comparing
intervertebral disc geometry 2 levels immediately cranial
and caudal to the PSO or the apical lumbar vertebra were
noted to have a significant difference in the mean cranial disc
height (9.5mm versus 6.5mm, p < 0.01), mean cranial diam-
eter (40mm versus 34mm, p < 0.01), mean cranial volume
(13284mm3 versus 8145mm3, p < 0.01), and mean caudal
volume (10635mm3 versus 7771mm3, p ¼ 0.02). Caudal disc
heights and diameters were larger in the RF group, but did not
reach statistical significance.

Conclusions: The overall prevalence of RFwas 27%with
no difference in PSO rate between the 2 Groups. Patients with
RF had significantly larger non-fused disc heights, diameters
and volumes. The increased disc geometrics may allow for
increased micro-motion in the anterior column resulting in
increased failure rates. Lumbar interbody support in those
discs at risk may improve stability and decrease RF rates.
Further data analysis and clinical correlation is required.
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GO213. Long-term follow-up Results of a Combined Physical
and Psychological Program for Patients with Chronic Low
Back Pain
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Spruit3
1Department of Research, Sint Maartenskliniek, Nijmegen, The
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Introduction: For patients with persistent and dis-
abling chronic low back pain (CLBP) who failed to improve
after less intensive interventions, a combined physical and
psychological (CPP) program including exercises and a cogni-
tive behavioral approach, is recommended.1–3 These patients
with CLBP participating in a two-week CPP-program improve
in functional status and quality of life during the program and
these positive results are maintained at one4 and at two-year
follow-up assessment.5

Purpose: To evaluate the long-term results of a short,
intensive, evidence based CPP-program.

Material and Methods: A consecutive cohort study
with a mean follow up of 6.5 years (range: 5.5–7.5) was
performed. At follow up a response rate of 85% (n ¼ 277)
was achieved. Primary outcome was functional status (Os-
westry Disability Index [ODI;0–100]). Secondary outcomes
were pain intensity, quality of life, and patient reported
satisfaction. A Repeated Measures analysis of variance was
used to identify changes over time. The two-week residential
program is in line with recommendations in international
guidelines1–3 and provided in collaboration with orthopedic
spine surgeons at Sint Maartenskliniek Nijmegen, The
Netherlands.

Results: At pre-treatment assessment the mean age
was 46.1years (SD9.3) and themean CLBP-duration 12.3 years
(SD10.9). The mean ODI-score showed improvement at post-
treatment and maintenance of results over time (ODI df
[1,276],F ¼ 0.146,p ¼ 0.703). Secondary outcomes showed
the same pattern. At long-term follow up more than half of
the CLBP-patients (59.2%) showed a clinically relevant im-
provement of�10 points on the ODI and 45.3% of the patients
reached a functional status equivalent to an acceptable,
normal healthy population value (ODI � 22). This is compara-
ble to the one-year follow-up assessment. 80.1% of the par-
ticipants are satisfied with the treatment results and 76.2%
would recommend the program to family/friends.

Conclusion: The positive short-term effectiveness at
one-year follow up of a two-week CPP-program is demon-
strated to maintain over time. Patients demonstrate contin-
ued improvement of functional status and quality of life after
6.5 years of follow up.Moreover, at long-term follow up a high
percentage of patients were satisfied with the results of the
program and they would recommend the program to family
and/or friends.
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GO214. A Novel, Objective, Quantitative Method of
Evaluation of the Pain Component and Paresthesia Coverage
using Comparative Computerized Multiparametric Tactile
Mapping and Database Analysis: The “Neuro-Mapping-
Tools” Software (N3MT)
Manuel Roulaud1, Farid Guetarni2, Kévin Nivole1, Olivier
Monlezun1, Bertille Lorgeoux1, Philippe Rigoard1
1Spine-Neurostimulation Unit, Poitiers University Hospital, Poitiers,
France
2DataManagement Department, Poitiers University Hospital, Poitiers,
France

Introduction: One of the major challenges of neuro-
stimulation is actually to address the back pain component in
patients suffering from refractory chronic back and leg pain.
Facing a tremendous expansion of neurostimulation techni-
ques and available devices, implanters, patients and even
industrial companies can still remain confused as they need
to select the right tool for the right indication. To be able to
evaluate and compare objectively patient outcomes, depend-
ing on therapeutical strategies, it appears essential to develop
a rational and quantitative approach to pain assessement and
neurostimulation outcomes for those who undergo neuro-
stimulation implantation.

Material and Methods: Our neuroinformatics labora-
tory (N3Laboratory) located in Poitiers University Hospital,
Department of Neurosurgery, enabled us to develop the
Neuro-Mapping Tools software (N3MT) (Inter Deposit Digital
Number: IDDN FR 001–1600002–000-R-P-2013–000–31230;
Patent Applications n°PCT/EP2014/067231, n°PCT/FR 14/000
186 and n°PCT/FR 14/000 187). This tool consists of touch
screen mapping, allowing the patient and/or the physician to
interact by means of a tablet computer to delineate painful
zones and paraesthesia coverage in the thoracolumbar region
and legs.

Results: The Neuro-Mapping Tools software (N3MT)
(Neuro-Pain’T, the Neuro-Mapping Locator and the Neuro-
Data-Base) have been put together and used in more than 190
patients since 2012, leading us to describe newmeasurement
parameters, divided into two categories: (1) Technical param-
eters, evaluating the implanted device itself, as “Device Per-
formance, XP,” “Device Specificity, XS” and “Persistence of the
Paresthesia Perception” on the long term (XP3). (2) Clinical
parameters, evaluating patient response to the therapy: (a)
pain surface reduction. This parameter is called YS. (b) pain
intensity reduction. This parameter is called YI. (c) pain
characteristics redistribution after implantation. This param-
eter is called YPC.

Conclusion: The N3MT software could help to guide
tomorrow’s treatment options by transforming personal
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convictions into a more robust scientific rationale based on
data collection and data mining techniques.

GO215. Thinning, Peeling and Carving Technique for the
Treatment of Thoracic Myelopathy Caused by Ossification of
Ligamentum Flavum
Dechun Wang1
1Department of Spine Surgery,The affiliated Hospital of Qingdao
University, Qingdao, China

Introduction: To introduce a novel technique of thin-
ning, peeling and carving to remove the ossification ligamen-
tum flavum(OLF) nidus easily, safely and completely for the
treatment of thoracic myelopathy caused by OLF. This surgical
procedure avoids aggressive irritating the most seriously
compressed spinal cord caused by OLF nidus especially. The
epidural venous plexus bleeding and the bleeding from the
pedicle can be seen clearly and controlled easily during the
decompression.

Material and Methods: Thoracic myelopathy caused by
OLF was diagnosed in 28 patients using plain radiography, 3D
CT, and MRI from January 2009 to January 2012. The lamina,
the lower and the upper facet joint of the involved segment
were thinned with the bigger neuro drill(diameter 3.5mm)
first, The shell was so thin that the feeding blood vessels of the
dura can be seen clearly. Second, the thinned shell was peeled
off with the curette piece by piece. The upper facet joint and
theOLF niduswere carvedby the smaller neuro drill (diameter
2.5mm)and the thinned bony nidus compressing the spinal
cord was removed finally, Spinal cord monitoring (SEP and
MEP)was performed intraoperatively in all cases. The operat-
ing time and blood loss were recorded during the operation.
The Frankel scoring systemwas used to assess the neurological
status before the operation and in the follow up. The S F-36
were also used to assess the general health status.

Results: Of the 28 cases of OLF,3 were single level, 10
were double level, and 15 were multilevel. Of the 71 ossified
segments in this study, 16 (22.5%) were located in the upper
thoracic spine (T1–4), 9 (12.7%) were located in the midthora-
cic spine (T5–8), and 46 (64.8%) were located in the lower
thoracic spine (T9-L1). The mean operating time was 145
�32min.The mean intraoperative blood loss was 280 � 48.6
ml. The neurological status improved during follow-up (mean
46.1 months) from a preoperative mean mJOA score of 5.39 �
1.52 to 8.97 � 1.22 points (t ¼ 18.39, p < 0.05). The neuro-
logical function recovery rate ranged from 28.6% to 100%.

Conclusion: Thinning, peeling and carving technique
was effective, safe and may be a reasonable choice for the
treatment of thoracic myelopath y caused by OLF

GO216. Preoperative Prone Position Exercises: A Simple and
Novel Method to Improve Tolerance in Kyphoplasty for
Treatment of Single Level Osteoporotic Vertebral
Compression Fractures
Guangzhou Lee1, Qing Wang1
1Department of Spinal Surgery, Luzhou City, Sichuan Province, China

Introduction: To evaluate the effect of preoperative
prone position exercises(PPPE) on patient tolerance to percu-
taneous kyphoplasty(KP) and to determine if such exercises
will improve postoperative clinical outcome.

Material and Methods: Eighty-three patients with
single level osteoporotic vertebral compression fractures
(OVCFs) were nonrandomly assigned to undergo KP under
local anesthesia with PPPE or without. The number of proce-
dure with or without a pause, need for intravenous sedation,
and patient satisfactory were recorded and analyzed. Clinical

outcomes were assessed using the visual analog scale and the
Oswestry Disability Index. The follow-up time was 6 months.

Results: The baseline characteristics of both groups
were comparable. The number of procedure without a pause
in the exercises groupwasmore than the control group (30/42
patients vs 10/41 patients, respectively, P < 0.001),and fewer
patients required intravenous sedation in the exercises group
(7/42 vs 28/41, respectively,P < 0.001). Patients in the exer-
cises group were more satisfied compared with the control
group (41/42 vs 32/41, respectively, P < 0.01).There were no
significant differences between the two groups with regard to
improvement in pain and functional scores at all postopera-
tive intervals.

Conclusion: PPPE improves patient tolerance and sat-
isfaction and decreases the need for intravenous sedation for
patients with single level OVCFs undergoing KP under local
anesthesia. To confirm and validate the results of our study,a
large multi-center randomized controlled trial (RCT) study
should be conducted.

GO217. Facet Joint Manipulation for Craniovertebral
Junction Arthrodesis. Worth the Extra Effort?
John Duff1, Yves Henchoz1, Lukas Bobinski2
1Department of Clinical Neurosciences, University of Lausanne,
Lausanne, Switzerland
2Department of Orthopedics, Uppsala, Sweden

Introduction: The goal of arthrodesis is bone fusion,
effected at the craniovertebral junction throughonlayof either
morselized iliac crest autograft (ICAG), or posterior structural
unicortical ICAGbetween posterior elements. As an alterna-
tive, facet manipulation (FM) with C1-C2 or C0-C1 facet
decortication and “jamming” of bone spacers into the articular
space (C1-C2) has been described. We describe a series of 79
cases of surgical fusion of at least 1 component of the CVJ. FM
was used in 65 cases requiring arthrodesis. Among these, we
describe 14 cases using cages placed in the atlanto-axial joints
(Cage assisted facet arthrodesis CAFA). To examine the efficacy
of FM, we look specifically at CT documented fusion, and time
to fusion using this technique.

Material and Methods: Retrospective review of medi-
cal records of 88 patients undergoing posterior arthrodesis of
the craniovertebral junction (CVJ) at our unit from May 2004
toDecember 2013wasperformed. 4 patientswere excluded in
case of early postoperative death (up to 30 days after the
surgery). 5 patients had insufficient radiological follow-up
data (follow-up < 6 months). Construct length is detailed in
Table 1. Fusion – pseudarthrosis. Fusion was considered suc-
cessful on CT if there was visible bridging trabeculations with
or without bony remodeling and callus formation, across at
least one of C1/C2 facets, and absence of pseudoarthrosis.
Criteria for pseudoarthrosis were construct failure, or bone
lucency around the screws. Time to fusion was defined as
months between surgery and the earliest radiological assess-
ment confirming solid fusion.

Results: Fusion rate and time to fusion. Sixteen patients
were not considered for fusion analysis (N ¼ 6 not grafted), or
insufficient follow-up (N ¼ 10). A solid fusionwas achieved in
55 (87.3%) patients. Fusion rate was strongly associated with
age.
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Fig. 1 Kaplan-Meier probability of solid fusion in patients
with C0-Cx, C1-Cx and C2-Cx surgery (upper), using Stealth
station, O arm or without image guidance (2nd left), with
allograft (AG), local bone and iliac crest bone grafting (ICBG)
(2nd right), Facet manipulation C1-C2 with or without cage
(3rd left), with or without grade 2 screw(s) (3rd right), andwith
or without multiple comorbidities (lower).

Conclusion:Many techniques are used to achieve solid
bony fusion in the upper cervical spine. Facet manipulation,

first described by Goel should be the ideal fusion bed but has
not beenwidely used.We report our experience using FM as a
fusion technique to highlight its usefulness as a primary
means of achieving fusion. It exploits the weight bearing
part of the spine, the volume of bone graft materiel is very
small compared with other techniques, it can be used when
there are no posterior elements. Cage assisted facet arthrode-
sis (CAFA) may accelerate time to fusion, and may enhance
fusion rates.

GO218. Two Level Anterior Cervical Arthrodesis with
Integrated Spacer and Plate versus Traditional Anterior
Spacer and Plate System
Ripul Panchal1, Angela Beliveau1, Paul Lee2, Peter Shen2, Chin-
Shang Li3, Eric Klineberg4, Kee Kim1

1Department of Neurological Surgery, University of California, Davis
Medical Center, Sacramento, California, United States
2Department of Radiology, University of California, Davis Medical
Center, Sacramento, California, United States
3Department of Public Health Sciences, Division of Biostatistics,
University of California, Davis, Sacramento, California, United States
4Department of Orthopedics, University of California, Davis Medical
Center, Sacramento, California, United States

Introduction: Anterior cervical discectomy and fusion
(ACDF) is one of the most common spinal procedures per-
formed by spine surgeons to treat cervical degenerative disc
disease. Use of anterior spacer and plate system (ASPS) results
in increased disc height, a higher fusion rate, a lower subsi-
dence rate, and a lower complication rates than a spacer
alone.1,2 However, anterior cervical plating (ACP) is associated
with significant complications, such as dysphagia, plate screw
dislodgement, soft tissue injury, esophagus perforation, and
neural injury.3–9 Integrated spacer and plate (ISP) or zero-
profile cage systems have recently gained popularity among
spine surgeon to reduce the drawbacks of the ASPS technique.
The objective of this study is to retrospectively evaluate and
compare clinical and radiographical outcome of patients after
two-level ACDF with IPS and traditional two-level ASPS.

Materials and Methods: From January 2007 to October
2014, a total of 84 consecutive patients with cervical degen-
erative disc disease who underwent two-level ACDF using the
ISP or the ASPS were reviewed for clinical and radiographical
outcomes. Patient reported VAS and NDI scores, fusion rates,
hardware failure were recorded at 1, 3, 6, 12, and 24 months
after surgery.

Results: Forty-three patients received ISP and forty-
one patients received ASPS. There were no statistical differ-
ences in patient demographics between the two groups. In
regards to operative details, there was no statistical differ-
ences except ISP were done almost exclusively with autograft
and ASPS with allograft. Overall, there were no statistical
differences in VAS scores, NDI scores and fusion status be-
tween the two groups (p > 0.05). At the proximal surgical
level, there was a trend toward an earlier observed radio-
graphic fusion rate in the ASPS group, 6.8 � 5.4 months
compared with ISP group, 8.3 � 5.5 months (p ¼ 0.09).
Similarly, the observed radiographic fusion rate at the distal
surgical level in the ASPS group was 7.0 � 6.2 months and in
the ISP group was 8.1 � 5.5 months (p ¼ 0.12). One case of
long-term dysphagia (> 3 months) was reported in each
group. Both groups had no reports of implant failures.

Conclusion: The integrated spacers and plate for two-
level ACDF compared with traditional anterior spacer and
plate system may provide comparable clinical and radio-
graphical outcome at two years. However, there may be an
earlier observed radiographical fusion in the ASPS group and
no difference in long-term reported dysphagia rate.

Table 1 Detailed construct length grouping in analyses

Construct
length

N (%) Group

C0 – C1 2 (3%) C0 – Cx

C0 – C2 5 (6%)

C0 – CSA 9 (11%)

C1 – C2 50 (63%) C1 – Cx

C1 – CSA 3 (4%)

C2 Direct 3 (4%) C2 – Cx

C2 – CSA 7 (9%)

SA ¼ subaxial.
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GO219. Validation of Positioning, Lordotic Correction and
Lack of Endplate Damage When using a New Expandable
Articulated Lumbar Intervertebral Fusion Cage; A Cadaver
Study
Mark M. Levy1, Julien Rigal2, Robert Morrison3, Jean Charles Le
Huec2, Klaus J. Schnake3
1Department of Biomedical Engineering, Technion I.I.T., Haifa, Israel
2Department of Ortho-Spine, Bordeaux University Hospital, Bordeaux,
France
3Center for Spinal Therapy, Schön Klinik Nürnberg Fürth, Nürnberg
Fürth, Germany

Introduction: Intervertebral lumbar fusion cages be-
came nowadays a useful tool by preserving disc space height,
retaining proper tension of ligaments and providing better
anterior column support with contained bone graft. Expand-
able cages, a new available category, help to approach the disc
space with less invasive techniques adjusting its height to the
local anatomy. There's need in using cages with the widest
footprint, able to expand to increase disc height up to normal
correcting lordotic alignment, particularly at L4–5 and L5-S1
levels, without damaging the endplates in the process and
reducing pre-stress of posterior instrumentation. A 3-dimen-
sional articulated expandable cage was tested in cadavers to
verify: its effect on positioning in the disc space, by navigating
its two-linked segments in the transversal plane; its expan-
sion without endplate violation and its resultant lordotic
correction in the sagittal plane.

Material andMethods: Five fresh-frozen human cadav-
er specimens were randomly assigned to two surgeon teams
for discectomy and implantation of this new expandable
titanium-alloy FLXfit cage through one-sided TLIF approach
using fluoroscopy and standard spine instrumentation . No
facetectomy or posterior instrumentation were performed.
Every cadaver underwent a two level procedure, L2–3 and L5-
S1. Each cage allowed a lordotic angled expansion of up to 10°
with a dedicated cage tool. After implantation, all specimens
were dissected and disc spaces incised for evaluation of
positioning and endplate condition as result of expansion.
Final positioning was documented with X-rays and lordotic
angles were measured. Lordotic increments were calculated
by level from pre and post-operatory measurements. Each
surgeon rated his experience in designated questionnaires.

Results: Ten expandable cages of various sizes were
implanted according to trial measurements obtained during
the procedure. Surgeons successfully inserted, positioned and
expanded the cages based on surgical technique . The proce-
dure was reported as being easy to perform by the surgeons.
Implant positioning was consistently accomplished in the
anterior two-thirds of the disc space near the apophyseal
ring due to the articulated feature covering a large footprint.
Gradual cage angular expansion was performed till the maxi-
mal degree allowed in all cases, customized to each level
treated. Analysis of dissected cadavers revealed an effective
discectomy with preservation of the annulus except the entry
portal. No endplate violation was reported in all specimens.
On lateral X-rays, lordotic increment frompreoperative values
was significantly higher in L2–3 discs, being 7.8°�2.2 (from 5
to10°). On L5-S1 discs the increasewas 4.8°�1.3 (from4 to 7°).
The overall added lordotic correction was on average 12.6°�
2.5 per spine .

Conclusion: The use of 3-dimensional expandable
cages in this cadaver study allowed better endplate bone
contact with a well-fitted adjustment, according to the level
treated without endplate damage. Lordosis correction was
achieved differentially depending on the level and original
values of alignment. Added up individual correction was
shown on overall sagittal correction using two cages, which
would be likely enhanced with facet resection and posterior

instrumentation. The use of well positioned, large footprint,
expandable lordotic correcting cages may lead to a more
biomechanically balanced results in lumbar spine fusion.

Tumors 1

GO220. Preoperative Embolization in Spinal Tumour Surgery
Naresh Kumar1, Aye Sandar Zaw1, Anil Gopinathan2, Barry Tan1
1Department of Orthopaedic Surgery, National University Health
System, Singapore, Singapore
2Department of Diagnostic Imaging, NUHS, Singapore, Singapore

Introduction: Preoperative embolization has been
shown to be effective in reducing intraoperative blood loss
during metastatic spinal tumor surgery. However, the majori-
ty of studies investigating preoperative embolization for
spinal metastases have preferentially selectedsecondaries
fromrenal and thyroid as these are highly vascularized tu-
mors. There is paucity of literature describing utility of
embolization in other tumors. We aimed to determine the
effect of preoperative embolization on intraoperative blood
loss indifferent spinal tumors by type of surgical approaches.

Materials and Methods: We retrospectively evaluated
221 patients undergoing surgery for primary or metastatic
spine tumors. Patients were analyzed for the effect of emboli-
zation agents, extent, level of embolization and timing be-
tween embolization & surgery, on estimated blood loss.
Estimated blood loss and transfusion requirements were
compared between embolized and non-embolized cases for
different types of spinal tumor (metastatic lung, breast, renal,
hepatocellular, thyroid, other epithelial tumors, myeloma/
lymphoma and primary spine tumors) and surgical ap-
proaches (Type I: Cervical spine surgery either anterior and/
or posterior stabilizationwith or without corpectomy, Type II:
Thoracolumbar posterior instrumentation and decompres-
sion, and Type III: Thoracolumbar corpectomy).

Results: Preoperative embolization was performed in
48 patients. Hypervascular angiographic appearance was
found in 22 (46%) and capillary blush in 26 (54%) embolized
patients. Total embolization (>80% reduction of tumor blush)
was achievable in more than half of the embolized patients
(61%), and less amount of blood loss was observed in these
patients (median blood loss ¼ 900ml) compared with those
who achieved partial (<50%) and subtotal (50–90%) emboli-
zation (1600ml and 1350ml respectively).Blood loss was also
lower in thosewho achieved proximal embolization and those
who underwent surgery between 13–24 hours after emboli-
zation. When stratified by type of tumor and surgical ap-
proaches, blood loss and transfusion requirement were lower
in embolized cases of spinal secondaries from HCC & thyroid;
and primary spine tumors. In multivariate linear regression,
after adjusting for tumor type, type of surgical procedure,
invasiveness index, preoperative haemoglobin and operative
time, there were no significant differences in the blood loss as
well as blood transfusion units between embolized and non-
embolized groups.

Conclusions: Success of embolization in reducing blood
loss depends on the extent of embolization, which should be
total; and time interval between embolization and index
surgery, which should be within 13–24 hours. Preoperative
embolization is a useful modality in decreasing intraoperative
blood loss in cases of spinal metastases from HCC, thyroid and
primary spine tumors.
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GO221. The Relation between Spinal Instability and
Response to Palliative Radiotherapy for Symptomatic Spinal
Metastases
Anne Versteeg1, Joanne van der Velden2, Helena Verkooijen3,
Charles Fisher4, Cumhur Oner1, Marco van Vulpen2, Lorna
Weir5, Jorrit-Jan Verlaan1
1Department of Orthopedic Surgery, University Medical Center
Utrecht, Utrecht, The Netherlands
2Department of Radiation Oncology, University Medical Center
Utrecht, Utrecht, The Netherlands
3Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands, Utrecht, The Netherlands
4Division of Spine, Department of Orthopedics, University of British
Columbia, and the Combined Neurosurgical and Orthopedic Spine
Program at Vancouver Coastal Health, Vancouver, Canada
5BC Cancer Agency, Vancouver Centre and Department of Medicine,
University of British Columbia, Vancouver, Canada

Background and Purpose: Up to 70% of cancer patients
with terminal illness have bone metastases, with the spinal
column being most affected. The standard local treatment for
painful spinal metastases is conventional external beam ra-
diotherapy. However, ~30–40% of the patients do not achieve
adequate pain relief. It is not well understood why some
patients respond and others do not. Considering the limited
life expectancy of these patients it is crucial to optimize
treatment selection to ensure fast, effective and lasting symp-
tom relief. We hypothesized that pain resulting frommechan-
ical instability of the vertebra responds less well to
radiotherapy than pain originating from local tumor effects.
The aim of this study was to investigate the relationship
between spinal instability, defined by the Spinal Instability
Neoplastic Score (SINS), and the response to palliative radio-
therapy for symptomatic spinal metastases.

Material and Methods: A prospective international
multicenter observational study of patients who underwent
irradiation of symptomatic spinal metastases was performed
between January 2013 and December 2014. Patients were
excluded if they were diagnosed with multiple myeloma, if
they had previous surgery on the same level or if they had
substantial neurological deficits (ASIA �C). The SINS was
calculated by an observer blinded to outcome using the
radiotherapy planning computed tomography scans. Pain
response was rated using the International Bone Metastases
ConsensusWorking Party Endpoints. The association between
SINS and response was estimated by multivariate logistic
regression analysis.

Results: A total of 155 patients were included, 91 male
and 64 female (mean age 66 � 11 years). Thirteen patients
(8%) died within four weeks following treatment, 18 (12%)
patients were lost to follow-up. Neither median nor mean
SINS was significantly different for patients with or without
response. In multivariate analysis, the SINS was not signifi-
cantly associatedwith response (adjusted odds ratio 0.94; 95%
confidence interval 0.81–1.10; p ¼ 0.449). The WHO perfor-
mance score, however, was related to radiotherapy response.

Conclusion: No significant relationship was observed
between degree of mechanical spinal instability, as reflected
by the SINS, and response to radiotherapy. Trying to explain
our findings, it can be argued that some components of SINS
reflect currentmechanical instabilitywhile other components
are indicative of impending instability. Future studies should
aim to optimize the definition of instability to better predict
treatment outcome.

GO222. Operative Management of Post-tumor Spinal
Deformity
Nikita Zaborovskii1, Dmitrii Ptashnikov1, Dmitrii Mykhailov1,
Oleg Smekalenkov1, Sergei Masevnin1, Olga Lapaeva1
1Vreden Russian Research Institute of Traumatology and Orthopedics,
St. Petersburg, Russian Federation

Introduction: The purpose of our research is evaluation
of the outcome after surgery and health-related quality of life
(HRQOL) parameters in patients with post-tumor spinal
deformity.

Material and Methods: Retrospective clinical and ra-
diographic datawere collected for 33 patients (15male and 18
female, average age of 61.4 years) with spinopelvic malalign-
ments (SRS-Schwab sagittal modifiers: 2 grade and more)
who underwent spinal deformity surgery. Patients were
divided into two groups. The first group included 13 patients
(n ¼ 12 after chemotherapy of plasmacytoma, n ¼ 1 patient
after radiotherapy of cervix uteri cancer metastasis) with
confirmed spinal oncology diagnosis by biopsy. All patients
have had oncology remission with a 3-year minimum follow-
up. Spinal deformity was developed in the period between 1
and 6 years after conservative treatment. Repeated biopsy did
not show tumor cells, this was evaluated as local control of
tumor. Low scores of HRQOL and unsuccessful nonoperative
approach were indications for surgical intervention. The
second comparative group consisted of 20 patients with “de
novo” degenerative or posttraumatic spinal deformity. The
aim of surgical management was to achieve sagittal balance,
using osteotomies and transpedicular instrumentalization.
Groups were evaluated with HRQOL-scales including VAS,
ODI, SF36 and SRS-24. Radiographical assessment included
Cobb coronal angle, thoracic kyphosis (TK), lumbar lordosis
(LL), pelvic incidence (PI), pelvic tilt (PT) and sacral slope (SS),
sagittal vertical axis (SVA). Radiographical, HRQOL-param-
eters and complications were analyzed and compared be-
tween two groups. The comparisons were done by using
independent sample Student t-test. A p-value of less than
0.05 was accepted as significant.

Results: Both groups showed a restoration of global
spinal alignments without significant differences in TK, LL, PI,
PT, SS, SVA parameters (p > 0.05). In addition, HRQOL-scores
(VAS, ODI, SF36, SRS-24) of the patients were increased after
operation. The HRQOL-scores after 2 years are slightly higher
in the first group, but we did not get significant difference
between groups (p > 0.05). The number of complications in
the form of implant instability, proximal and distal junctional
disorders was comparable (p > 0.05). However, general med-
ical complications in the first group was significantly higher
than in the second one (p < 0.05). It is important that no
patients had local recurrence or metastasis of tumor during
follow-up in the first group.

Conclusion: Spinal tumor under local control is not
contraindication for spinal deformity surgery. Realigning of
the sagittal plane is paramount, especially because of the
sagittal balance impact on quality of life.
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GO223. Survival and Clinical Outcomes in Patients with
Metastatic Epidural Spinal Cord Compression: Results from
the AOSpine Prospective Multi-Centre Study of 142 patients
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Alexander Vaccaro13
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Introduction: Although surgery is being increasingly
used in patients with Metastatic Epidural Spinal Cord Com-
pression (MESCC) as a complementary strategy to radiation
and chemotherapy, the impact of surgery on quality of life
(QoL) is notwell established. This studyaimed toprospectively
evaluate survival, neurological, functional, and QoL outcomes
in MESCC patients undergoing operative management.

Material and Methods: A total of 142 surgically treated
patients with a single symptomaticMESCC lesion enrolled in a
prospective North American multi-center study were fol-
lowed for 12months. Clinical data, such as Brief Pain Inventory
(BPI), ASIA, SF-36, Oswestry Disability Index (ODI), and EQ-5D
scores, were obtained both pre- and post-operatively.

Results: The median survival was 7.7 months. The 30-
day and 12-month mortality rates were 9% and 62%, respec-
tively. Six weeks post-operatively, ambulatory status
(p ¼ 0.02) and bladder control (p ¼ 0.03) were significantly
improved. Overall, 67.5% of ASIA B, C, or D patients gained at
least 1 grade after surgery, 25% remained stable, and 7.5%
deteriorated. ODI, EQ-5D, BPI scores were significantly im-
proved at each follow-up (p � 0.01). SF-36 scores were
generally higher after surgery for mental and physical com-
ponents, and for all domains except energy/fatigue. The inci-
dence of wound complications was 10% and 2 patients
required a second surgery (screw malposition and epidural
hematoma).

Conclusion: Surgical intervention, as a complementary
adjunct to radiation and chemotherapy, provides immediate
and sustained improvement in pain, neurological, functional,
and QoL outcomes with acceptable risks in patients with a
focal symptomatic MESCC lesion.

GO224. Prognostic Factors for Survival in Surgical Series of
Symptomatic Metastatic Epidural Spinal Cord Compression:
A Prospective North American Multi-Centre Study in 142
Patients
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Kopjar2, Paul Arnold3, Mark Dekutoski4, Joel Finkelstein5,
Charles Fisher6, John France7, Ziya Gokaslan8, Laurence Rhines9,
Peter Rose10, James Schuster11, Alexander Vaccaro12, Arjun
Sahgal13, Eric Massicotte1
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Introduction: Symptomatic Metastatic Epidural Spinal
Cord Compression (MESCC) afflicts up to 10% of all cancer
patients and is associated with shortened survival and wors-
ened quality of life. This study aims to identify the key survival
prognostic factors in MESCC patients who were surgically
treated for a single symptomatic lesion.

Material and Methods: 142 MESCC patients were
enrolled in a prospective North American multi-center study
and followed postoperatively for 12 months. Using univariate
analyses, Kaplan-Meier methods, and log-rank tests the prog-
nostic value of various clinical predictors were assessed. Non-
collinear predictors with p < 0.05 in univariate analyses were
included in the final Cox proportional hazards model.

Results: The overall median survival was 7.7 months
(range: 3 days – 35.6 months); breast cancer had the longest
median survival (12.1 months). Ten patients (7%), whose
primary cancerwere lung (3), kidney (3), sarcoma (2), prostate
(1), and breast (1), diedwithin 30-days postoperatively and 88
had died at 12months (62%). Univariate analyses yielded eight
significant predictors for survival: the growth of primary
tumor (Tomita Grade 1 vs Grade 2 and 3), BMI, gender,
preoperative SF-36 physical component, EQ-5D, and ODI
scores as well as the presence of either visceral or extraspinal
bony metastasis. The multiple regression analysis revealed
that the Tomita grade (Grade 1 vs Grade 2 and 3; HR: 2.81,
p ¼ 0.007), the absence of visceral metastasis (HR: 2.01;
p ¼ 0.0044), and higher score on SF-36 physical component
(HR: 0.95, p < 0.0001) were independent predictors for lon-
ger survival regardless of the selection method used (back-
ward, forward, or stepwise).

Conclusion: Slow growing tumor (Tomita Grade 1),
absence of visceral metastasis, and lower degree of preopera-
tive physical disability, as reflected bya higher score on the SF-
36 physical component questionnaire, are good prognostic
factors for survival in selected patients who underwent
surgical treatment for a focal symptomatic MESCC lesion.
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GO225. Surgical Treatment of a C3-osteoblastomawith Cord
Compression and Encompassing the Vertebral Artery via
Combined Approach
Mohammad Samadian1, Mohammad Hallajnejad1, Ali Mousavi
Nejad1, Kaveh Ebrahim Zadeh1, Omidvar Rezaei1
1Department of Neurosurgery, Shaheed Beheshti Medical University,
Tehran, Islamic Republic of Iran

Background: Osteoblastoma is a rare and benign oste-
oid-producing primary bone tumor that affects mainly the
long bones. 36% of these tumors are observed around the
spine and the vast majority arises around the posterior.

Case Presentation: This report describes a case of C3
osteoblastoma occurring in a 22-years old male. He repre-
sented with cervical pain and quadriparesia.Cervical CT and
MRI demonstrated an osteolyticmass that invade anterior and
posterior elemant of C3 and cause severe cord compression.
Because of the close proximity of the osteoblastoma to the
vertebral artery canal and cord total resection of tumor was a
challenging decision. To prevention of vertebral artery injury,
laminectomy and partial resection of tumor was done with
posterior approach and bilateral vertebral arteries preserved
and then fussed with lateral mass screw. For best reconstruc-
tion and stability, total C3 corpectomy and anterior fusion
with allograft and plate was done via anterior cervical
approach.

Conclusions: Osteoblastoma in cervical spine with
involvement of anterior and posterior part of vertebrae is a
rare pathology and can encase vertebral artery. This case has
favorable prognosis after 2 sessions surgery and adequate
rehabilitation.

Basic Science 3

GO226. Polymer-based Silver Nanoparticle Coated Pedicle
Screws Inhibits Biofilm Formation-a Novel Experimental
Model in Rabbits
Derya Burcu Hazer1, Mustafa Sakar2, Yelda Dere3, Gulsen
Altinkanat4, Mustafa Ibrahim Ziyal4, Baki Hazer5
1Department of Neurosurgery, Mugla Sitki Kocman University, Faculty
of Medicine, Mugla, Turkey
2Marmara University, Institute of Neurological Sciences, Istanbul,
Turkey
3Department of Pathology, Mugla Sitki Kocman University, Faculty of
Medicine, Mugla, Turkey
4Department of Microbiology, Marmara University, Faculty of
Medicine, Istanbul, Turkey
5Department of Chemistry, Engeneering of Nanotechnology, Bülent
Ecevit University, Zonguldak, Turkey

Introduction: Infection in spinal implant is of great
concern. Anti-infection strategies must be tested in relevant
animal models that will lead to appropriate clinical studies. A
novel spine implant model was designed to study the antimi-
crobial effect of a modified Titanium (Ti) pedicle screws with
methiciline resistant Staphyloccoccus Aerous (MRSA) in mul-
tiple surgical sites in the lumbar spine of a rabbit.

Material and Methods: Twenty two New Zealand
White rabbits were divided into two groups: group 1: infected
unmodified Ti screw group (n ¼ 10), group 2: infected poly-
ethylene glycol grafted polypropylene based Silver nanopar-
ticle (PP-g-PEG-Ag) covered Ti screw group (n ¼ 10), and two
rabbits as control-sterile group. In all groups left L4- right L6
vertebra levels were exposed and screws were drilled to
transverse processes after contamination of burr holes with
0.1 ml of 106 CFU MRSA solutions in group 1 and 2. After 21
days, samples were collected and infection was analyzed via
light and scanning electron microscopy and culturing. Silver

nanoparticles (Ag-NP) on the screws and tissues were assayed
pre and postoperatively.

Results: The bacterial colony count for modified-Ti
screw group was lower compared with unmodified Ti screw
(17,2 vs 200 � 103 CFU/mL, p ¼ 0,029) with less biofilm
formation. There was no difference in duration of surgery
among groups and within the surgical sites. Ag-NPs were
detected on the screw surface postoperatively.

Conclusion: This novel experimental design of implan-
tation in rabbits is easy to apply and resembles human
stabilization technique. Modified Ti screws were shown to
have antimicrobial effect with especially inhibiting thebiofilm
formation. This anchored Ag NPs which remained after 21st

day of implantation shows that it is resistant to tapping forces
of the screw.

GO227.Morphology and TGF-beta1 Concentration’s Analysis
of Ligamentum Flavum of Patients with Lumbar Canal
Stenosis and Lumbar Disc Herniation
Sandro Carletti1, Alessandro Ciampini1, Licia Di Muro1, Catia
Pompea Delfinis1, Elettra Tinella2, Nevia Caputo2, Rossella
Rispoli1
1Department of Neurosurgery, Terni, Italy
2Department of Neuroradiology, Terni, Italy

Introduction: The most common spinal disorder in
elderly patients is lumbar spinal canal stenosis, causing low
back and leg pain, and paresis. The etiology of degenerative
changes occurring in lumbar stenosis still remain unclear:
some authors hypothesize the hyperplasia and others the
hypertrophy of Ligamentum flavum (LF). The change of LF is
known to be related to degenerative changes that are second-
ary to the aging process or mechanical instability. The study’s
objective is to analyze the LF of patients with lumbar canal
stenosis and lumbar disc herniation to evaluate the morphol-
ogy and the concentration of the Transforming Growth Factor-
β 1 (TGF-β 1).

Material and Method:The study is characterized by
three phases: (A) Measurement of the thickness of the LF of
patients with lumbar stenosis and/or herniated lumbar disc
through the axial, T1 weighted images of the lumbo-sacral
magnetic resonance imaging (MRI); (B) Removal of LF in
patients undergoing intervention for lumbar stenosis and
lumbar disc herniation (control group); (C) Optical microsco-
py study of the morphology of degenerated ligamentum and
immunohistochemical analysis to assess the concentration of
TGF-β 1 in the same. The analysis of the morphology of the
ligamentum (meant as the increase of the fibers number or
distension and relaxation of the same as a result of degenera-
tive processes) and the presence or absence of a high concen-
tration of TGF-β1 (then more fibroblasts involved in the
degenerative process) can be important to clarify if there is
an hypertrophy or hyperplasy of ligamentum flavum in
lumbar canal stenosis.

Results: In the current study we have showed that
decreased elasticity of LF in the elderly is due to the loss of
elastic fibers that are degenerated and a concomitant increase
of collagenous fibers (hypertrophy); the concentrations of
TGF-β1 of the LF measured in both lumbar spinal stenosis
and disc herniations was higher than that of the latter.

Conclusion: The current results suggest that LF of
lumbar canal stenosis is hypertrophic: LF hypertrophy could
be due to the thickeningof the normal elastic layer aswell as of
the abnormal collagenous layer and to higher expression of
TGF-β 1 by fibroblasts
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GO228. An Analysis of the Spinal Nerve Roots in Relation to
the Adjacent Vertebral Bodies with Respect to a
Posterolateral Vertebral Body Replacement Procedure
Waleed Awwad1
1Department of Orthopedics, King Saud University, Saudi Arabia,
Riyadh, Saudi Arabia

Introduction: This study aims to improve the under-
standing of the anatomic variations along the thoracic and
lumbar spine encountered during an all-posterior vertebrec-
tomy, and reconstruction procedure. This information will
help to improve our understanding of human spine anatomy
and will allow better planning for a vertebral body replace-
ment via either a transpedicular or costo-transversectomy
approach, The major challenge to a total posterior approach
vertebrectomy and vertebral body replacement in the thor-
acolumbar spine lies in the preservation of important neural
structures.

Materials and Methods: Retrospective analysis of 100
normalMRI spinal studies (T1-L5) on sagittal T2weightedMRI
images were studied to quantify: 1) mid-sagittal vertebral
body (VB) dimensions (anterior, midline and posterior verte-
bral body height); 2) midline VB and associated intervertebral
discs height; 3) mean distance between adjacent spinal nerve
roots (DNN) andmean distance between the inferior endplate
of the superior vertebrae to its respective spinal nerve root
(DNE) and 4) posterior approach expansion ratio (PAER).

Results: 1) The mean anterior VB height gradually
increased cranio-caudally from T1 to L5. The mean midline
and posterior VB height showed a similar pattern up to L2.
Mean posterior VB height was larger than the mean anterior
VB height fromT1 to L2, consistentwith anterior wedging, and
then measured less than the mean anterior VB height, indi-
cating posterior wedging. 2) Midline VB and intervertebral
disc height gradually increased from T1 to L4. 3) DNNandDNE
were similar, whereby they gradually increased from T1 to L3.
5) Mean PAER varied between 1.69 (T12) and 2.27 (L5)
depending on anatomic level.

Conclusions: The dimensions of the thoracic and lum-
bar vertebrae and discs vary greatly. Thus, any attempt at
carrying out a VB replacement from a posterior approach
should take into account the specifications at each spinal level.

GO229. An In-vitro Study on The Effects of Spinal Canal
Curvature on Cord Interstitial Pressure during Spinal Cord
Distraction
Peter Jarzem1, Mahdi Bassi2, Mohammed Mansi3
1Department of Orthopedics, McGill University, Montreal, Canada
2Department of Orthopedics, Suliman Fakih Hospital, Jeddah, Saudi
Arabia
3Department of Neurosurgery, University of Minnesota, Minneapolis,
Minnesota, United States

Study Design: This is an in-vitro study examining the
effect of spinal canal curvature on spinal Cord Interstitial
Pressure (CIP) during porcine spinal cord distraction. In this
study we examined CIP developed in spinal cords during
distraction in three conditions: 1) linear cord distraction
(stretch) 2) simulated 45 degree scoliotic curve and 3) simu-
lated 90 degree scoliotic curve.

Summary of Background Data: Spinal cord distraction
is a known cause of spinal cord injury (SCI). Several papers
published on the pathophysiology of the cord distraction
injury suggest that the underlying mechanism of injury is a
micro-vascular ischemic event4. We have previously de-
scribed an increase in CIP with spinal cord distraction,12,18

and have shown that spinal cord distraction can lead to spinal
cord injury in live animal experiments13. Distraction spinal

cord injury is known in scoliosis correction but rare in other
spine injuries. With this experiment we wish to determine if
simulated spinal curvature may potentiate the spinal cord
distraction elevation in CIP noted during our experiments.

Objectives: To determine if increasing degrees of spinal
curvature lead to increasing CIP during in-vitro spinal cord
distraction.

Methods: Ten freshly thawed porcine spinal cords
were tested in a saline bath in linear, 45° degree and 90°
degree curved surfaces while CIP was monitored using the
modified Whitesides technique27. Multiple linear regressions
were then performed.

Results:We noted a close correlation between applied
tension (T) and CIP. The greatest pressure elevations were
noted for the 90° curve mode, intermediate elevations were
noted for the 45° curve modes and the smallest pressure
elevations were noted for the linear mode of distraction
(p < ¼ 0.05).

Conclusion: High CIP can be achieved through spinal
cord distraction. This CIP is not only directly proportional to
tension, but also proportionally increased by the degree of
spinal curvature. This may suggest that spinal curvature may
tend to increase generated CIP during distraction, and be a
potentiating factor for spinal cord injury during scoliosis
correction.

Keywords: spinal cord, cord interstitial pressure, CIP,
spinal cord distraction, tension, curvature

GO230. Biomechanical Evaluation of the Transpedicular
Nucleotomy with Intact Anulus Fibrosus
Fabrizio Russo1, Gianluca Vadalà1, Robert Allen Hartman2, Kevin
M. Bell2, Gwendolyn A. Sowa2, Nam Vo2, James D. Kang2,
Vincenzo Denaro1
1University Campus Bio-Medico, Rome, Italy
2University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Introduction: Mechanical loading represents a crucial
part of intervertebral disc (IVD) homeostasis. However, tradi-
tional regenerative strategies require violation of the annulus
fibrosus (AF) resulting in significant alteration of joint me-
chanics. The transpedicular nucleotomy represents a suitable
method to create a cavity into the nucleus polposus (NP), as a
model to study IVD regeneration with intact AF. The aim is to
study how the transpedicular tunnel (TT) and the novel
mechanical nucleotomy affects the biomechanics of the NP.

Material and Methods: 60 ovine lumbar FSUs (L1-L6)
randomly assigned to 5 groups: Control; TT; TT þ polyme-
thylmethacrylate (PMMA), to repair the bone tunnel; Nucle-
otomy; Nucleotomy þ PMMA. The robotic spine testing
system consists of a robotic manipulator (Staubli RX90) and
a six-axis load cell (JR3 Inc.). Flexion/extension, lateral bend-
ing and axial rotation were evaluated under adaptive dis-
placement control. Axial compression was applied for 15
cycles of preconditioning followed by 1 hour of constant
compression. Viscoelastic properties were determined.

Results: TT has minimal effects on rotational biome-
chanics. The nucleotomy increases ROM and NZ displacement
width while decreasing NZ stiffness. TT þ PMMA has small
effects in terms of ROM. Nucleotomy þ PMMA brings ROM
back to the control, increases NZ stiffness and decreases NZ
displacement width. The nucleotomy tends to increase the
rate of early creep. TT reduces early and late damping. The use
of PMMA increased late elastic damping (S2) and reduced
viscous damping (η2) culminating in faster resolution of
creep.

Conclusion: Biomechanical properties of NP are crucial
for IVD repair. TT does not affect rotational stability. Mechani-
cal changes that occur with nucleotomy are similar to those
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characteristics of early degeneration. These findings confirm
that the NP is crucial for segmental stability in physiologic
rotations.

GO231. Review of Patient Transfers from Spinal Surgery to
the Spinal Injuries Unit
Lisa Grandidge1, Lee Breakwell1, Michael Athanassacopoulos1,
Neil Chiverton1, Ashley Cole1, Antony Michael1
1Department of Spinal Surgery, Northern General Hospital, Sheffield,
United Kingdom

Introduction: To review the length of time patients are
awaiting spinal injury reviews on the spinal surgery ward and
awaiting beds on the spinal injuries unit.

Materials and Methods: A list of all spinal surgery
patients with a spinal injuries episode within the same spell
during the period 01/04/12 to 26/11/14were gained bycoding
(n ¼ 37). Three patients were excluded from the data (one
under neurosurgery, two were transferred from the spinal
injuries unit (SIU) and were both discharged from the spinal
surgery ward) (n ¼ 34). Data was obtained via a case note
review.

Results: The mean number of days patients were
awaiting a SIU bed (calculated from spinal injuries review to
transfer) was 19 (þ/�14). The maximum time waiting on the
spinal surgery ward was 39 days, and one patient waited 48
days for a ventilator bed. The later the admission the longer
patients werewaiting, with a positive correlation but this was
not significant (r=0.28, p ¼ 0.18). The mean waiting time was
9 days in 2012, 17 days in 2013 and 24 days in 2014. Therewas
a positive correlation between the length of time patients
were awaiting a SIU bed and their length of spinal injuries stay
(r=0.105, p ¼ 0.39). The mean time awaiting a spinal injuries
review was 5.9 days. However often there was limited docu-
mentation regarding how patients were referred and so was
not clear when referrals were received by the spinal injuries
team. Two patients had no documented review before transfer
. The most frequent type of injury which resulted in patients
requiring transfer for rehabilitation was fracture (44%), fol-
lowed by infection (29%). 47% of injuries were in the thoracic
spine. 71% received surgery during their admission.

Conclusions: This review shows patients are waiting
considerable amounts of time awaiting SIU beds and the
delays are increasing each year. Delays cause significant
implications for patients such as psychological issues and
risk of complications including pressure sores, contractures
and infections, all of which can impact on functional out-
comes. Delays are a high cost to the NHS (the cost of a critical
care bed is over £800 more than a ventilated SIU bed). Further
work can be performed reviewing reasons for delays and to
look at delays in SIU discharges. Patients could benefit from an
increase in spinal injury reviews while beds are awaited. An
audit on the management of SCI patients while they are on an
orthopaedic ward could ensure care meets current
recommendations.

Deformity Thoracolumbar Adult 2

GO232. Is It Necessary to Fuse to S1 for the Tilted L5 in the
Treatment of Adult Degenerative Scoliosis?
Dechun Wang1
1Department of Spine Surgery,The Affiliated Hospital of Qingdao
University, Qingdao, China

Introduction: The extension of fusion to S1 compared
with L5 and lower thoracic levels comparedwith L1 remains a
highly controversial topic in the surgical treatment for adult

degenerative scoliosis (ADS). As one of the criterion, if the
tilted L5were over 15°, the distal fusion level should extend to
the sacrum. Could the tilted L5 be neutralized and the L5S1 be
saved in the ADS correction?

Material and Methods: Posterior one stage of facetec-
tomy and interbody release combined with key segment
anterior structural column support were used to treat 32
ADS cases. The thoroughly interbody release and fusion were
done with both side in all involved segment, a little bigger
inserter were inserted into L3,4 and L4,5 cave side to neutral-
ize the tilted L5 maximally. The operating time and the blood
loss were recorded. Mean follow-upwas at least two years. All
the subjects were analyzed by visual analog scale, Oswestry
Disability Index (ODI), and SF-36 scores, SRS 22 before and
after surgery and at follow-up. The scoliotic curve, thoracic
kyphosis, lumbar lordosis, pelvic incidence (PI), pelvic tilt (PT),
sacral slope, and C7 plumb line were measured. For the
statistical analysis, multivariate multiple regression models
were formulated, considering as significant (p < 0.05).

Results: The average operating time were 150min and
the mean blood loss were 520ml. A statistically significant
clinical and radiological amelioration was noted after surgery
and at final follow-up. The ODI, and SF-36 scores, SRS 22
improved. The Cobb angle of lumbar lordosis (7 plumb line)
and spino-pelvic parameters (PI, PT, sacral slope) returned to
the normal range after surgery. L5S1 radiological adjacent
segment pathology (RASP) happened in two cases at the
follow-up, one was extended to the S1,there is no symptom
in another case.

Conclusion: The tilted L5 can be neutralized and the
L5S1 can be saved in the ADS correction. Even with a little
movement, the saved L5S1 is important for a whole body to
balance.

GO233. Effect of Treatment Complications on the Outcomes
in Adult Spinal Deformity: A Decision Analysis Approach
Emre Acaroglu1, Ümit Özgür Güler1, Aysun Çetinyürek Yavuz1,
Yasemin Yavus1, Selim Ayhan1, Montse Domingo Sabat1, Ferran
Pellise2, Francisco Sanchez Perez Grueso1, Ahmet Alanay3,
Ibrahim Obeid4, Frank Kleinstuck5European Spine Study Group
(ESSG)
1Ankara Spine Center, Ankara, Turkey
2Hospital Vall d’Hebron, Barcelona, Spain
3Acibadem University, Istanbul, Turkey
4CHU Bordeaux Pellegrin Hospital, Bordeaux, France
5Schulthess Klinik, Zurich, Switzerland

Introduction: Treatment of adult spinal deformity
(ASD) is known to be associated with a fairly high rate of
complications whereas the impact of these complications on
treatment outcomes is less well known. Aim of this study is to
analyze the impact of treatment complications on outcomes in
ASD using a decision analysis (DA) model.

Material and Methods: From an international multi-
centre database of ASD patients (968 pts), 535 who had
completed 1 year follow-up (371 non-surgical –NS), 164
surgical –S), constitute the population of this study. DA was
structured in two main steps of: 1) Baseline analysis (Assess-
ing the probabilities of outcomes, Assessing the values of
preference –utilities-, Combining information on probability
and utility and assigning the quality adjusted life expectancy
(QALE) for each treatment) and 2) Sensitivity analysis. Com-
plications were analyzed as life threatening (LT) and non-life
threatening (NLT) and their probabilitieswere calculated from
the database aswell as a thorough literature review. Outcomes
were analyzed as improvement (decrease in ODI > 8pts), no
change and deterioration (increase in ODI > 8pts). Death/
complete paralysis was considered as a separate category.
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Results: All 535 patients (371 NS, 164 S) could be
analyzed in regard to complications. Overall, there were 78
NLT and 12 LT complications and 3 death/paralysis. Surgical
treatment was significantly more prone to complications
(31.7% versus 11.1%, p < 0.001) (Table 1 a). On the other
hand, presence of complications did not necessarily decrease
the chances of improvement, surgical patients tending to rate
better in this respect (Table 1b). Likewise, QALE was not
particularly affected by the presence or absence of complica-
tions regardless of the type of treatment (Table 1c).

Conclusion: This study has demonstrated that surgical
treatment of ASD is more likely to cause complications
compared with non-surgical treatment. On the other hand,
presence of complications neither has a negative impact on
the likelihood of clinical improvement nor affects the QALE at
the first year detrimentally.

GO234. Multilevel XLIFs, TLIFs and Grade 2 Posterior
Osteotomies for Surgical Correction of Compensated
Sagittal Imbalance: Outcomes in 25 Consecutive Adult
Degenerative Deformities at Minumum 2 Years Follow-up
Alessandro Ramieri1, Giuseppe Costanzo2
1Orthopaedics, Don Gnocchi Foundation, Milan, Italy
2Orthopaedics, University La Sapienza Polo Pontino, Latina, Italy

Introduction: Sagittal imbalance in the adult degener-
ative spine requires surgical correction to improve pain,
mobility and quality of life. Aim of our surgery is to obtain a
harmonic, balanced sagittal profile operating a series of adult
degenerative kyphoscoliosis by means of XLIFs, TLIFs, SPOs
and posterior pedicle screws. Actually, XLIF seems to be the
less invasive alternative to PSO to restore LL and achieve
anterior fusion, while Grade 2 posterior osteotomies can be
useful to further decrease kyphosis.

Material and Methods: We treated by XLIFs, SPOs and
pedicle instrumentations 25 thoraco-lumbar and lumbar
degenerative deformities, characterized by a sagittal compen-
sated imbalance (SVA < 50mm), with or without coronal
deformity, and distinguished according to the SRS-Schwab
classification. All patients were submitted to X-ray screening
during pre, post-operative and follow-up periods.

Results: Mean age was 64 (50–74; M/F 1: 4). Sixteen
deformities were type L and 9 type N. Loss of LL wasmoderate
(þ) in 14 cases and marked (þþ) in 11. We performed 50
XLIFs, 15 TLIFs, 48 SPOs. Complication rate was minimal. PT,
LL, SVA and TK improved (p < 0.05), post-operative values
were similar to those pre-operatively calculated in 90% of
cases and clinical follow-up (mean 29.5; range 24–36), scored
using VAS and ODI, was satisfactory in all cases, except for two
due to sacro-iliac pain.

Conclusion: Current follow-up does not allow defini-
tive conclusions. However, the surgical approach proposed
seems to be a viable choice usable in these compensated adult
deformities, avoiding risks and complications of aggressive
PSOs.

GO235. Primary versus Revision Surgery for Adult Spinal
Deformity: An Analysis of Cost Effectiveness
Tina Raman1, Suresh Nayar1, Richard Skolasky1, Suiqing Liu1,
Khaled Kebaish1
1Department of Orthopaedic Surgery, Johns Hopkins, Baltimore,
Maryland, United States

Introduction: Spinal deformities affect 3–50% of the
population, with the number of spinal fusions performed in
the USA rising each year. After undergoing surgical manage-
ment for adult spinal deformity, 9–19% of patientsmay require

revision procedures for failure of bony fusion, implant com-
plications, refractory pain, and deformity progression. Rising
healthcare costs, and a focus shift to achieving significantly
better health outcomes per dollar spent, have led to increasing
interest in determining the value of complex spine surgeries.
Despite mounting scrutiny of increasing costs, data evaluating
cost effectiveness of primary and revision surgery for adult
spinal deformity (ASD) is sparse. Investigation is particularly
needed in the revision surgery population, where complica-
tion rates may be higher. In this regard, our goal was to assess
the functional outcomes, two-year comprehensive costs, and
cost effectiveness of primary and revision arthrodesis for ASD.

Material and Methods: We retrospectively reviewed
119 consecutive patients who had undergone primary (fifty-
six patients) or revision surgery (sixty-three patients) for ASD,
with > five levels fused at their index surgery, and who were
followed for a minimum of two years. Two-year total spine-
related medical resource utilization was confirmed via retro-
spective analysis of hospital records. Costs were derived from
data maintained within our institution’s finance sector, and
reflected the hospital perspective. Functional outcome scores
were extracted from prospectively collected patient data.
QALY units were derived from SF-36 scores mapped to EQ-
5D. Cost effectiveness was assessed using a threshold of
$159,126/QALY gained, three times the US per capita GDP in
2013.

Results: Both the primary surgery cohort (n ¼ 56: 41F,
15M) and the revision cohort (n ¼ 63: 48 F, 15M) demon-
strated statistically significant improvement in health related
quality of life scores at two years. Median surgical and follow-
up costs over two years were $137,990 for primary surgery
versus $115,509 for revision surgery, and were not signifi-
cantly different between the two groups (p ¼ 0.12).We report
a two-year QALY gain of 0.36 (IQR 0.01-.62) in the primary
surgery cohort, versus 0.40 (IQR 0.01-.80) in the revision
group (p ¼ 0.71). Primary instrumented arthrodesis was as-
sociated with a two-year cost per QALY of $197,809 versus
$129,950 for revision surgery (p ¼ 0.31).

Conclusion: We found that revision surgery for ASD
had a lower two year total cost, and higher two year QALY
gains than primary surgery, though not significant. While
revision surgery for spinal deformity in adults is known to be
technically challenging and may have a higher rate of com-
plications than primary surgery, revision surgery was more
cost effective than primary surgery at two years. A history of
failed spinal surgical procedures should not by themselves be
considered to render future reconstructive procedures non-
cost-effective. To our knowledge, this is the first description of
the cost effectiveness of revision surgery for ASD, aswell as the
first for primary surgery utilizing two year spine care-related
cost data from a hospital perspective.

GO236. Sagittal Plane Correction Using Lateral Transpsoas
Approach: Effect of Cage Angulation and Surgical Technique
on Segmental Lordosis
S. Tim Yoon1, RojehMelikian1, Jin Young Kim1, Kun Young Park1,
Caroline Yoon1, William Hutton1
1Department of Orthopedic Surgery, Emory University, Atlanta,
Georgia, United States

Introduction: Lordotic cage insertion through lateral
transpsoas approach is being used increasingly for restoration
of sagittal alignment. However, the degree of correction
achieved by varying cage angle as well as ALL release and
posterior element resection is not well defined. The objective
of this study is to determine the degree of segmental correc-
tion which could be achieved through lateral transpsoas
approach by varying cage angle as well as adding anterior
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longitudinal ligament (ALL) release and posterior element
resection.

Material and Methods: Thirteen human cadaveric
lumbar motion segments between L1 and L5 were dissected
into single motion segments. Segmental angles and disk
heightsweremeasured under both 50Nand 500N loads under
the following conditions: Intact specimen, discectomy (col-
lapsed disk simulation), insertion of parallel cage, 10° cage, 30°
cage with ALL release, 30° cage with ALL release and spinous
process (SP) resection, 30° cage with ALL release, SP resection,
facetectomy and compression with pedicle screws.

Results: Segmental lordosis was not increased by with
either parallel or 10° cages as compared with intact disks, and
contributed small amounts of lordosis when compared with
the collapsed disk condition. Placement of 30° cages with ALL
release increased segmental lordosis by 10.5°. Adding SP
resection increased lordosis to 12.39°. Facetectomy and com-
pressionwith pedicle screws further increased gains in lordo-
sis to 26.4° in the 50N group and 25.8° in the 500N group.
Neither group experienced a decrease in either anterior or
posterior disk height.

Conclusion: Insertion of parallel or 10° cage has little
effect on lordosis. 30° cage insertion and ALL release resulted
in an increase of lordosis by ~10.5°. The addition of SP
resection and facetectomy allowed increases in correction of
up to 26.4°. No interventions resulted in decrease in either
anterior or posterior disk height suggesting gains were
achieved without causing foraminal stenosis.

GO237.Which Factors Influence the Surgery vs. Non-surgery
Decision for Adult Idiopathic Scoliosis Patients with Gray
Zone (40-55°) Main Thoracic Curves?
Caglar Yilgor1, Meric Enercan2, Azmi Hamzaoglu2, Ferran
Pellise3, Francisco Javier Sanchez Perez-Grueso4, Emre
Acaroglu5, Ibrahim Obeid6, Frank Kleinstuck7, Ahmet Alanay1,
ESSG European Spine Study Group8
1Acibadem University, Istanbul, Turkey
2Florence Nightingale Hospital, Istanbul, Turkey
3Hospital Vall d’Hebron, Barcelona, Spain
4Hospital De La Paz, Madrid, Spain
5Ankara Spine Center, Ankara, Turkey
6CHU Bordeaux Pellegrin Hospital, Bordeaux, France
7Schulthess Klinik, Zurich, Switzerland
8Fundació Institut de Recerca Vall Hebron, Barcelona, Spain

Introduction: To analyze the factors thatmay influence
surgical vs non-surgical treatment for AdIS patients within
gray zone (40–55°) main thoracic (MT) curves.

Material and Methods: A retrospective analysis of a
multicenter, prospective, consecutive patient series. Inclusion
criteria were: AdIS, �18 years of age, major curve to be MT,
Cobb between 40 and 55°. Ninety-one patients (69 Non-
surgical and 22 Surgical) were included. Non-surgery group
had 57F and 12M; mean age: 28.3 (18–47), mean Cobb: 46.8°
(40- 55). Surgery group had 19 F and 3M;mean age: 31.1 (18–
71), mean Cobb: 49.2°(42–55). All patients completed SF-36,
SRS-22 and ODIwhen theywerefirst seen in the clinic. AP and
lateral Cobb measurements and sagittal plane parameters
were measured. Independent samples t-test was used to
compare groups. Variable importance analysiswas done using
classification and regression tree algorithm to predict factors
that influence surgical decision.

Results: ODI, SF-36 PCS and SRS-22 subtotal, function,
pain, self-image scores were significantly different between
the groups (p < 0.05). Age, MT curve Cobb, Lumbar curve
Cobb, trunk shift, SVA, coronal balance, SF-36 MCS and SRS22
mental health were not statistically different (p > 0.05). Most
important variable that created a tendency toward surgery

was SRS-22 functional status followed by ODI, SRS-22 pain
score, SF-36 PCS and SRS-22 self image score (Fig. 1).

Conclusion: AdIS patients having a curve magnitude in
the gray zone (40–55°) with decreased SRS-22 function, pain,
self-image and SF-36 PCS and increased ODI scores had a
predilection toward surgery. Most important variable was
SRS-22 function score.

Figure 1
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GO238. Increased Apoptosis, Expression of Matrix
Degrading Enzymes and Inflammatory Cytokines of Annulus
Fibrosus Cells in Genetically Engineered Diabetic Rats:
Implication for Intervertebral Disc Degeneration
Jong-Beom Park1, Eun-Young Park1
1Department of Orthopaedic Surgery, The Catholic University of
Korea, Uijeongbu, Republic of Korea

Introduction: Diabetes mellitus is thought to be an
important etiologic factor in intervertebral disc degeneration.
However, what is little known is whether diabetes has an
effect on annulus fibrosus (AF) cells. The purpose of our study
was to investigate the effect of diabetes mellitus on apoptosis,
expression of matrix degrading enzymes and inflammatory
cytokines of AF cells in age-matched genetically engineered
OLETF (diabetic) and LETO (control) rats.

Material and Methods: Lumbar disc tissues (L1–2
through L5–6) were obtained from 6-month old OLETF and
LETO rats (10 each). We examined the AF cells and tissues
using Masson trichrome stain, TUNEL, Western blotting, and
reverse transcription polymerase chain reaction. The apopto-
sis index and the degree of expression of matrix degrading
enzymes and inflammatory cytokines of AF cells were evalu-
ated by semiquantitative method.

Results:OLETF rats showed increased bodyweight and
abnormal 2-hour glucose tolerance tests comparedwith LETO
rats. The apoptosis index and the degree of expression of Fas of
AF cells were statistically higher in the OLETF rats. The degree
of expression of matrix metalloproteinase-1, -2, -3 and -13
and tissue inhibitor of metalloproteinase-1 and -2 was sta-
tistically higher in the OLETF rats. The expression of interleu-
kin-1 and -6 and tumor necrosis factor-α was statistically
higher in the OLETF rats. Finally, histological analysis showed
more severe fibrosis and loss of lamellar pattern in AF tissues
of OLETF rats.
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Conclusion: Our results suggest that diabetes mellitus
is associated with increased apoptosis and expression of
matrix degrading enzymes and inflammatory cytokines in
AF cells. This results in more severe fibrosis and loss of
lamellar pattern of AF, which leads to intervertebral disc
degeneration. Strict DM control might be important to delay
or prevent early intervertebral disc degeneration in patients
with DM.

GO239. Surgical Management of Spinal Dural Arteriovenous
Fistulae with Intraoperative Indocyanine Green
Angiography: Single Institute Experience
Hussien El-Maghraby1, Radu Bletechi1
1Department of Neurosurgery, University Hospitals, Coventry, United
Kingdom

Introduction: Spinal dural arteriovenous fistula (DAVF)
is the most common vascular malformation of the spinal cord.
We performed an observational study of patients with spinal
DAVF who were treated by microsurgical obliteration with
intraoperative indocyanine green (ICG) angiograph with the
aim of complete obliteration of the fistulae.

Material andMethods: 10 patients were included from
May 2012 to May 2015. They were treated surgically with
intraoperative intravenous administration of ICG. Direct mi-
crosurgical exploration was employed to identify the intra-
dural fistulous connection and intravenous ICG was then
injected to verify the identification of the lesion. Repeat ICG
angiography was performed after the fistula had been oblit-
erated using bipolar electrocautery.

Results: In all patients, ICG angiography correlated
reliably with preoperative catheter angiography and intra-
operative direct visualization and the fistulous connection
was identified and successfully treated surgically.

Conclusion: ICG angiography in the setting of surgical
management of spinal DAVF is a simple and effective tech-
nique for intraoperative confirmation of the relevant lesion.
Post resection ICG angiography reliably demonstrated techni-
cal success and may replace formal postoperative catheter
angiography

GO240. Development of a Whole Bovine Long-term Organ
Culture System that Retains Vertebral Bone for
Intervertebral Disc Repair and Biomechanical Studies using
PrimeGrowth Media
Michael Grant1, Laura Epure1, Omar Salem1, Motaz Alaqeel1,
John Antoniou1, Fackson Mwale1
1Lady Davis Institute forMedical Research, McGill University, Montreal,
Canada

Introduction: Testing potential therapeutics in the
regeneration of the disc requires the use of model systems.
Although several animal models have been developed to test
intervertebral disc (IVD) regeneration, application becomes
costlywhenused as a screeningmethod. Thebovine IVDorgan
culture system offers an inexpensive alternative, however, in
the current paradigm, the bony vertebrae is removed to allow
for nutrient diffusion to disc cells. This provides limitations on
the conditions and strategies one can employ in investigating
IVD regeneration and mechanisms in degenerative disc dis-
ease (i.e., combination of axial and torsional loading). Al-
though one method has been attempted to extend the
survival of bovine vertebrae containing IVDs (vIVD) cell
viability declined after two weeks in culture. Our goal was
to develop and validate a long-term organ culture model with
vertebral bone,which couldbe used subsequently for studying
biological repair of disc degeneration and biomechanics.

Material and Methods: Preparation of vIVDs: Tails of
22- to 28-month-old steers were obtained from the local
abattoir within 4h of slaughter. The largest IVDs (n ¼ 16)
were prepared for organ culture by parallel cuts through the
adjacent vertebral bodies at 1 cm from the endplates using an
IsoMet®1000 precision sectioning saw (Buehler, Germany).
vIVDs were split into two groups (PrimeGrowth or DMEM):
eight were treatedwith PrimeGrowthMedia kit (developed by
Intervertech and licensed to Wisent Bioproducts) and eight
with DMEM. The PrimeGrowth group was incubated for 1h in
PrimeGrowth Isolation Medium (Cat# 319–511-EL) and the
DMEM group for 1h in DMEM. After the isolation step, discs
werewashed 3 times in PrimeGrowth NeutralizationMedium
(Cat# 319–512-CL) while the other 8 IVDswerewashed thrice
in DMEM. The discs isolated with PrimeGrowth and DMEM
were cultured for up to 5 months in sterile vented 60 ml
Leakbuster™ Specimen Containers (Starplex) in PrimeGrowth
Culture Medium (Cat# 319–510-CL) and DMEM with serum
and antibiotics, respectively. Culture medium was replaced
every three days with no mechanical load applied. Live/Dead
Assay: vIVDs cultured for 1 or 5 months were dissected to
separate NP, inner AF (iAF) and outer AF (oAF) regions. A 4mm
biopsy punch was used to prepare specimens for cell viability
using a live/dead fluorescence assay (Live/Dead®, Invitrogen)
and visualized by confocalmicroscopy.Glucose Diffusion:After
one month of culture, vIVDs were incubated for 72h in
diffusion medium containing PBS (1x), CaCl2 (1mM), MgCl2
(0.5mM), KCl2 (5mM), 0.1% BSA and 150µM 2-[N-(7-nitro-
benz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-D-glucose (2-
NDBG), a D-glucose fluorescent analogue. Discs were dissect-
ed and NP, iAF, oAF regions were incubated in guanidinium
chloride extraction buffer. Extracts were measured for
fluorescence.

Results: After 5 months of organ culture, vIVDs pre-
pared with PrimeGrowth Media kit demonstrated ~95% cell
viability in all regions of the disc. However, dramatic reduc-
tions (~90%) in vIVD viability were measured in DMEM-
treated discs after 1 month. Interestingly, vIVD viability was
related to the amount of 2-NDBG incorporated into the disc
tissue.

Conclusion: We have developed a novel method for
isolating IVDs with vertebral bone capable of long-term
viability. This method may not only help in the discovery of
novel therapeutics in disc regeneration, but could also ad-
vance our understanding on complex loading paradigms in
disc degeneration.

GO241. Vertebral Endplate Changes / Modic Changes: An
Audit Study Using Antibiotics in 147 Chronic Low Back Pain
Patients
Claus Manniche1, Lars Morsø2, Lene Kiertzner1
1SpineCentre of Southern Denmark, University of Southern Denmark,
Middelfart, Denmark
2Centre for Quality, University of Southern Denmark, Middelfart,
Denmark

Introduction: Vertebral endplate changes/Modic
changes (MC) are the MRI-image of inflammatory vertebral
endplate damage.1 In patients with chronic back pain, the
prevalence of (MC) is 40%.2 MC are most often related to
general disc degeneration or herniation.3 However, in a
subgroup of patients, disc infection may be involved.4,5 In
one high quality RCT more than 50% of patients with persis-
tent pain and prolapsed discs showed clinically significant
improvement after treatment with a broad spectrum antibi-
otic at 6 Month Follow Up (6MFU).6

Material and Methods: A cohort study was established
to evaluate the effect of treatment with Amoxicillin/
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Clavulanic Acid for 3 months. 70 patients were treated with 1
1/2 g per day for one month followed by 3 g per day for 2
months (HighDose). Another 77 patientswere treatedwith 2 g
per day for 3 months (LowDose). The clinical profile of the
included patients: referred to a secondary care outpatient
Spine Centre with persistent low back pain and lumbar MC
Type 1 and no effect of other non-surgical treatment forms.
Main outcomemeasures at 6MFU: Patient’s global assessment
(Global), change in spinal pain intensity on a 0–10 numerical
rating scale (DeltaPain) and Number of Days with Pain (Day-
sPain) over a 14 day period. Responders were compared with
non-responders.

Results: 147 patients (95 females) were included. The
outcome analysis compares the treatment effect of the res-
ponders to the non-responders. Overall, 78/147; 53.01% of the
patients stated a positive responder treatment effect after 6
months. DeltaPain in ‘the responder group’ at 6months follow
up was -29.96%[SD 36.2%] and in ‘the non-responder group’
2.16% [SD 43.3%]. DaysPain decrease in ‘the responder group’
at 6MFU were 22.17% [SD 60.3], and in ‘the non-responder
group’ an increase of 28.07%[SD 153.6]. Substantial side effects
were noted in 17/70(24%) patients in HighDose and 12/77
(16%) in LowDose patients. Minor side effects: 17/70(24%) of
patients in HighDose and 14/77(18%) patients in LowDose. No
difference in responderrate were seen between HighDose/
LowDose; 52.9%/53.3%.

Conclusion: The antibiotic treatment regime in this
group of low back pain patients represented positive outcome
results for 53% of the patients. At 6MFU clinically relevant
improvements regar- ding pain intensity were obtained and
numbers of days with pain was reduced by 22%. A higher
number of side effects was seen using HighDose antibiotics
compared with LowDose, but there was no difference in
treatment efficacy.
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GO242. The Effect of Post Operative Sand Bag Pressure on
CSF Leak after Spinal Surgery
Hussein Mousa1
1Department of Neurosurgery, Alsadr Teaching Hospital, Basrah, Iraq

Introduction: Dural tears are most common complica-
tions of lumbar spine surgery and have been successfully
managed using several techniques. These include primary

repair, closed subarachnoid drainage, tissue grafting, fibrin-
adhesive sealant, and bed rest. In this study a new method
with post operative sand bag pressure to prevent Cerebrospi-
nal fluid (CSF) leak is used.

Methods: A prospective study of 96 patients admitted
to the Department of Neurosurgery at the Alsadr Teaching
Hospital in Basrah/Iraq had CSF leak following different
lumbar spine surgeries. Fifty two patients between March
2006 and March 2010 treated with the classical methods and
44 consecutive patients who had a post operative CSF leak
between March 2010 and March 2013 treated with sand bag
pressure.

Results: Classically treated group (13.5%) patients
stopped CSF leak as compared with post operative sand bag
pressure group (68.2%) patients stopped CSF leak in the first
day. Regarding post operative complications, classically
treated group had headache (55.8%), Photophobia (25.0%),
nausea (32.7%), vomiting (15.4%), meningitis (5.8%) and revi-
sion surgery (9.6%) while post operative sand bag pressure
group had headache (20.5%), Photophobia (9.1%), nausea
(11.4%), vomiting (2.3%), meningitis (2.3%) and revision sur-
gery (0%).

Conclusions: and bag pressure is an excellent method
to decrease duration and complications of CSF leak.

Keywords: postoperative, CSF leaks, sand bag

GO243. Early Vertebrectomy (Performed in First 72 Hours
after Delivery) as a Treatment Method of Vertebral Column
Deformation in Patients with MMC
Bartosz Polis1, Emilia Nowoslawska1, Lech Polis1
1Department of Neurosurgery, Polish Mother's Memorial Hospital,
Lodz, Poland

Introduction: 8–12% of all dysraphic defects are ac-
companied by vertebral columndeformations like gibbus, that
makes a skin closure a very complicated procedure. The
presence of lumbar kyphosis in children who suffered from
myelomeningocele increases thread of wound dehiscence,
large skin necrosis, CNS infections, decubitus ulcer etc. Oper-
ative treatment of vertebral column deformations comprise
reduction of pathological curvature to: reach a physiological
balance of acting forces on vertebral column axis during
upright position of a body, reduce a rate of vertebral column
kyphosis increasing, minimize a skin tension over a gibbus,
increase abdomen cavum capacity and improve breathing 72
hours after delivery is concerned as a critical moment of
surgical management, that should not be exceeded. The
main goal of the work is to asses efficiency of an early
vertebrectomy performed during surgical management of
dysraphic defect that makes possible: prevention from men-
tioned above complications, avoiding further surgical man-
agement and spine stabilization in the future.

Material and Methods: In Polish Mother’s Memorial
Hospital (PMMH) 572 surgical managements of dysraphic
defects were performed between year 1992 and 2015. In 89
(15,6%) cases coexistence of pathological spine kyphosis was
diagnosed. Myelomeningocele aperta was found to be most
common type of DD in our material. All our procedures were
performed in first 48 hours after delivery. In 15 cases it was in
first 24 hours and in 16 it was in second 24 hours of living.
During surgical management of Dysraphic Defect form 1 to 3
vertebral bodiedwere removed. Spine kyphosis side angle and
height were measured. Height of gibbus was measured ac-
cording to K-C straight and side angle was measured with
Cobb-4 method

Results: After such a surgical management we achieve
possibility to close skin defect with possible low tension and
reduction of pathological spine kyphosis without any foreign
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material stabilization of the spine. By our surgical manage-
ment we managed to reduce in average the side angle of the
kyphosis by 52,4% and reduce the height in average by 48,06%.
Height reduction of pathological spine kyphosis depends on
height of pathological spine kyphosis before the surgical
management. Side angle quantity of pathological spine ky-
phosis before the surgical management has statistically sig-
nificant influence both on height of pathological spine
kyphosis and quantity of height reduction after surgical
management. Trophic disorders of postoperative wound right
after surgery occurred in 12,9% of cases (4 patients) In all
catamnesis period it occurred only in 7 cases that was 22,6% of
all patients.

Conclusion: Early performed vertebrectomy with gib-
bus reduction in first 48 hour after delivery allow to: (1) Close
dysraphic defect with coexisting large skin loss; (2) Reduce
possibility of recurrent postoperative wound trophic disor-
ders; (3) Reduce the growth rate of pathological spine kypho-
sis during child genesis. The severity of pathological spine
kyphosis and occurrence of early postoperative wound tro-
phic defects are predictors in dysraphic patients.

Tumors 2

GO244. Vertebroplasty and Kyphoplasty for Metastatic
Spinal Lesions: A Systematic Review
Mohsen Sadeghi1, Leila Janani1, Shahram Aarabi2, Farhad
Shokraneh3, Vafa Rahimi-Movaghar1
1Sina Trauma and Surgery Research Center, Tehran University of
Medical Sciences, Tehran, Islamic Republic of Iran
2Washington University, Seattle, Washington, United States
3Department of Surgery, Nottingham University, Nottingham, United
Kingdom

Introduction: The spine is the most common site of
bone metastases, with 33–70% of cancer patients acquiring
spinal metastasis during the course of their disease. Verte-
broplasty (VP) and Kyphoplasty (KP) have been proposed as
potential minimally invasive therapeutic options for meta-
static spinal lesion (MSL) pain. However, the efficacy of VP and
KP on MSL pain is currently unclear. The Objective of the
present review was to assess the effects of VP and KP on pain,
disability and quality of life following MSL.

Material and Methods: We included randomized con-
trolled trials (RCTs) and controlled clinical trials (CCTs) assess-
ing VP or KP for the treatment of pain following MSL without
cord compression. We searched MEDLINE, EMBASE and CEN-
TRAL with no limitation in terms of study status (ongoing or
completed), publication date, type or language.

Results: The literature search revealed 387 citations. Of
these, nine trials met all eligibility criteria and included in the
qualitative analysis. In total, there were 622 patients enrolled
in the trials and of these 432were in surgical treatment group
(92 received KP, 97 received VP, 134 received VP and chemo-
therapy, 68 received VP and radiotherapy and 41 received
KIVA implant) and 190 were in non-surgical treatment group
(83 received chemotherapy, 46 received radiotherapy and 61
received other treatment). Using the grade approach, there is
low quality of evidence that VP plus chemotherapy improve
MSL pain and functional scoremore than chemotherapy alone
(Pain: mean difference (MD): -3.01; 95%CI: -3.21 to -2.80;
functional score: MD: 15.46; 95%CI: 13.58 to 17.34)

Conclusion: Pain and functional score improved more
in VP plus chemotherapy group than in the chemotherapy
group. Based on the analysis of published trial data, it is not
known whether VP for MSL provides benefits over KP.

GO245. Evaluation of the safety of Intraoperative Salvaged
Blood by using Microwell based Culture
Naresh Kumar1, Aye Sandar Zaw1, Bee Luan Khoo2, Jean Paul
Thiery2
1Department of Orthopaedic Surgery, National University Health
System, Singapore, Singapore
2BioSystems and Micromechanics (BioSyM) Inter-Disciplinary Research
Group, Singapore MIT Alliance for Research and Technology (SMART),
Singapore, Singapore

Introduction: Intraoperative cell salvage (IOCS) in
metastatic spine tumor surgery (MSTS) is a novel alternative
for addressing the potential side effects related to ABT.
However, it has not been widely adopted in oncological
surgery due to the hypothetical concern of reinfusing tumor
cells to the patients. Despite the emerging evidence of the
safety of IOCS especially in combination with leucocyte de-
pletion filter (LDF), most surgeons are still doubtful about
using IOCS during oncological surgery. We aimed to evaluate
the feasibility of using intraoperative cell salvage (IOCS) in
combination with leucocyte depletion filter (LDF) in eliminat-
ing cancer cells from blood salvaged during metastatic spine
tumor surgery (MSTS). We hypothesized that tumor cells,
even if left in the salvaged blood, are incapable of seeding and
replicating due to potential damage to the cell membrane or
the contents during suction, centrifugation and filtration
during cell saver processing and hence, making the salvaged
blood safe to be reinfused.

Methods: Patients with known primary epithelial tu-
mor, whowere offered surgery for metastatic spine disease at
our university hospital, were recruited. Blood samples were
collected at five different stages during surgery: Stage A:
venous blood from the patient during induction by anaesthe-
tist, Stage B: venous blood from the patient during maximum
tumor manipulation by the surgeons, Stage C:blood from
operative field prior to IOCS processing, Stage D: salvaged
blood after IOCS processing and stage E: salvaged blood after
IOCS-LDF processing. Blood samples(5 ml) were taken at each
stage. Samples were sent for preparation of microwell-based
culture assay for detection of primary circulating tumor cells
(CTCs).

Results: We recruited 13 patients of which 12 were
included in final analysis. There were 7 females and 5 males.
The median age of the patients was 61 years (range: 48 - 76
years). The commonest primary tumor was lung, followed by
breast, hepatocellular and renal cell carcinoma. The median
blood loss was 800 ml (range: 300 – 1500 ml). Analysis of the
cultured samples showed that clusters or CKþ CTCs (cytoker-
atin positive CTCs)were found in the samples taken from stage
A in three patients, stage B in three patients and stage C in one
patient. However, none of the samples D and E from any
patients generated viable tumor clusters or CKþ CTCs after
culture.

Conclusions: The present study proved that our hy-
pothesis was correct. The findings supported the notion that
IOCS-LDF combination works effectively in eliminating/de-
stroying tumor cells from salvaged blood. The absence of
viable CTCs in the samples taken from salvaged blood (stage
D) provided the fact that salvaged blood even without filtra-
tion is safe for reinfusion in cancer patients. This IOCS tech-
nique can be applied in MSTS and even musculoskeletal
oncological surgery. The concept can then be extended to
other oncological surgeries in general with further appropri-
ate clinical studies.
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GO246. Lateral Approach for Anterior and Anterolateral
Placed Cervical Meningioma or Schwannoma
Ali Abou-Madawi1
1Department of Neurosurgery, Suez Canal University, Ismailia, Egypt

Introduction: Cervical meningioma and schwannoma
are benign tumors that may present with a wide variety of
clinical features. Surgical treatment of those tumors carries a
risk of neurological complications and spinal deformities.
Surgical approaches include posterior, anterior, or antero-
lateral options. This is a Descriptive retrospective clinical case
series to evaluate the lateral surgical approach in these
tumors.

Patients and Methods: We reviewed patients who
underwent lateral surgery for anterior and anterolateral
placed cervical meningioma or schwannoma through the
past 7 years. A total of 23 patients including 15 females and
8 males were reported. Mean age was 46 years. The average
duration of history was 14.9 months. Fourteen patients had
meningioma and 9 had schwannoma. According to the JOA-
score 15 were normal, 5 were grade-1 and 3 was grade-2. The
following factors were evaluated; age, sex, duration, patholo-
gy, levels, topographical locations, neurological status, opera-
tive time, blood loss, hospital stay, morbidity, and clinical
outcome.

Results: All patients were operated through the lateral
cervical approach. All patients but three had total tumor
removal where small fragment were lift due to technical
reasons. According to the JOA-score the 15 normal patients
remain the same, the 5 grade-1 improved to normal, and the 3
grade-2 patients improved to normal in one and to grade-1 in
another. There was no reportedmajor morbidity or mortality.
CSF leak into the closed drainage system was reported in 5
patients without serious effects.

Conclusions: The lateral approach allows for safe and
effective removal of anterior and anterolateral placed cervical
meningioma or schwannoma. It gives a direct access to tumor
without riskof cordmanipulation or destabilizing the spine. In
addition it gives the same clinical results.as the standard
posterior approach.

GO247. Primary Malignant Spinal Tumors in Children:
21-years Retrospective Single Surgical Clinic Study
Alexander Mushkin1, Denis Malamashin1
1Pediatric Surgery Clinic, Science Research Institute of
Phthisiopulmonology, St. Petersburg, Russian Federation

Introduction: Primary malignant spinal tumors in
children are difficult due to the rarity, the lack of specificity
of signs and controversial treatment strategy [BelogurovaM.B.
2002]. Pain prevails in children (more than 80%); spinal
deformity, neurological deficits, bladder and bowel dysfunc-
tion occurredmore than 50% of cases [Walker D.A., et al., 2004;
Huisman TA., 2009]. The radical surgery has a prevalence for a
long-time surveillance, but the results of the treatment not
frequently discuss.

Material andMethod: The retrospective study includes
28 patients aged from 1 year 6 months till 17 years who were
consequently admitted from 1993 till 2014 into single clinic
which specialized on the surgical treatment of skeleton de-
struction in children. The radiation study included X-ray, CT
and MRI for indication of tumors borders, degree of vascular
support, the presence of necrotic focuses and oncology staging
according to Enneking. The radiation scanning with Тс99 was
done for patients above 4 years old. Neurological status was
estimated by ASIA and Frankel scale. The results of the
complex (ChT þ Surgery) treatment were studied with FU
no less than 1year.

Results: The malignant Hodgkin’s and non-Hodgkin’s
lymphomaswere the most frequent in children (15 cases, incl.
10 boys and 5 girls). The cervical, thoracic, lumbar and sacral
spine were affected in 1, 9, 12 and 2 cases respectevely. 9
patients (60%) had multi-level lesions. SaEwing/PNET was
verified in 8 (3 boys and 5 girls). The cervical, thoracic, lumbar
and sacral vertebrae were affected in 3, 1, 5 and 2 patients
respectively. The multi-level lesion was in 3 cases (37%). The
other sarcomas (polymorphous, epithelioid, histiocytic and
angiosarcoma) were in 4 patients, incl. 2 cases of cervical
lesion and one with thoracic and lumbar spine. The thoracic
spine malignant histiocytosis was in one case. The pain, spinal
deformity and neurological symptoms were dominant in 25
(89%) cases; the high temperature and weakness - in 3 (11%).
The diagnosis was confirmed by trans-cutaneous fluoroscopic
(C-arm)-navigated biopsy followed by cytology and morphol-
ogy; the open biopsy used only in 3. The decision for spine
reconstruction was accepted together with oncologists after
chemotherapy in 18 children (64.2%) (8 - lymphomas, 6 -
SaEwing/PNET, 4 - other Sa). According to the retrospective
study all operated patients were estimated as 7 and more
degrees according to SINS. En block resection was done in 5.
The 5-year survival rate after spinal reconstruction was 66,6%
(12 from 18). Among the dead 2/6 had lymphomas, 3/6 -
SaEwing/PNET and one – polymorphous cells Sa. Parents
regrets complex chemotherapy in 2/6.

Conclusions: Surgical treatment for malignant spinal
tumors in children has to be included into complex therapy
with chemotherapy and, perhaps, radiation therapy, but the
data of RT’ in children still controversies. The time and volume
of surgery have to be adopt together with pediatric oncologist
and spinal surgeon. Radical surgery with restoration of spinal
stability significantly improves the long-time survival rate as a
functional and motion activity in pediatric patients evenwith
a high malignant spinal tumors.

GO248. Evaluation between the Sins Score, Vas and
Neurological Status for Spinal Metastatic Tumors
Rodrigo Cavalcante1, João Arruda2, Vladimir Zaccariotti2,
Rômulo Marques2, Vin??Cius Santos3, Yvens Fernandes4
1Department of Neurology, State University of Campinas (UNICAMP);
Division Of Neuro-Oncology at the Araujo Jorge Cancer Hospital,
Campinas, Goiânia, Brazil
2Division of Neuro-Oncology at the Araujo Jorge Cancer Hospital,
Goiania – Brazil
3

Q2Q2
Q2

4Department of Neurology, State University of Campinas (UNICAMP),
Campinas, Brazil

Introduction: Spinal metastases occur in 20% of the
cancer patients being of those only 5–10% develop spinal cord
compression. The basic surgical principle of the treatment is
palliative due to multicentric and advanced stage when
metastases are found in the bone. In this context, select an
appropriate patient for surgery is challenging, because this is
based on clinical conditional, clinical presentation and oncol-
ogical status. Since the SINS classification has been published
in 2010, it has become an important tool for surgical stand-
point to define which type of tumor’s fracture is potential or
unstable and facilitates the communication between oncol-
ogical team. Herein, the aim of this paper is to evaluate the
association between SINS score and VAS preoperatively, ASIA
pre and postoperatively, the relation between SINS and spe-
cific kind of tumors, VAS pre and postoperative, and overall
survival.

Material and Methods: This study is a prospective
cohort. The authors analyzed 79 patients who presented
with spinal metastatic disease (excluding 15 hematological
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cases and 10 cases that the datawere lost) and that underwent
spinal surgery decompression. The criteria for surgery were
clinical condition, oncological status, the SINS score and/or
spinal cord compression. The data was collected from June,
2012 toMarch, 2015. The SINS (Spinal Instability for Neoplas-
tic Score), VAS (Visual Analogue Scale) pre and postoperatively
(0–3 months) after surgery), ASIA (American Spinal Cord
Injury Association) scale pre and post operatively (0–3
months) data was collected. The authors analyzed the associ-
ation between SINS score and VAS preoperatively, ASIA pre-
operatively and postoperatively, SINS and specific types of
disease, VAS pre and postoperatively and the overall survival
after surgery. The Pearson test association, chi-square test and
Kaplan-Meyer curve were applied.

Results: Utilizing Pearson association test we found
70.7% of patients with VAS (9–10), had a SINS score (13–18)
against one with VAS (0–4) had SINS (7–12) p ¼ 0.02. An
analysis of ASIA preoperatively and post operatively (3
months), we found 59.57% (28 patients) ASIA B-D became
postoperatively ASIA E, 36.17% (17 patients) showed no
change; 71.43%(5 patients) ASIA A became ASIA B-D, it was
correlated with p < 0.001. Comparison with higher SINS (13–
18) with breast and lung spinal metastases showed 73.68%(18
patients) and 85.71%(8 patients) respectively, p ¼ 0.03 (weak
correlation. From 69 patients preoperatively VAS (9–10) and 8
patients VAS (5–8) all of them became VAS (0–4) making the
statistical analysis not possible. The global overall survivalwas
10.78 months. ASIA E patients were 12.38 months IC 95%
((9.05–15.65), and ASIA A were 2.75 IC 95%(0.745–4.75).

Conclusion: The utilization of the SINS score to deter-
mine instability is reliable and related to increase of the pain at
the VAS preoperatively; the surgery improves neurological
function (ASIA) statistically significant and VAS postopera-
tively without statistical significance. It was found that there
was a weak relation between higher SINS and breast cancer
patients who present spinal cord compression in our series.
Based on our patients overall survival we conclude that
surgery is an important tool for patients who present clinical
conditions and spinal instability.

GO249. Prevalence of Unsuspected Malignancy in Patients
with Vertebral Compression Fracture undergoing
Percutaneous Vertebroplasty
Emil Jesper Hansen1, Ane Simony1, Rikke Rousing1, Leah Y.
Carreon2, Hans Tropp3, Mikkel Ø. Andersen1
1Center for Spine Surgery and Research, Middelfart, Denmark
2Norton Leatherman Spine Center, Louisville, Kentucky, United States
3Rygkirurgisk Afdeling IKE, Linköping, Sweden

Introduction:Osteoporotic vertebral compression frac-
tures (VCF) affect ~20% of postmenopausal women and can
lead to long-term disability. Percutaneous Vertebroplasty
(PVP) is a minimally invasive procedure, primarily used in
patients with severe pain after VCF. Even with a thorough
clinical examination, MRI scans and blood samples, some
fractures maybe caused by an underlying malignant disease.
Objectives were to determine the prevalence of malignancy
and histology in bone biopsies obtained during PVP for
osteoporotic VCF.

Material and Methods: Study design - Retrospective
study of a prospective collected cohort. 144 consecutive
patients underwent PVP for painful VCF, at the Center for
Spine Surgery and Research, Middelfart Hospital. All patients
had bone biopsies obtained during the PVP, and these biopsies
were sent to the Department for Pathology at Vejle Sygehus for
histologic diagnosis.

Results: 144 patients were included in this study. The
majority of thebiopsy specimens (137, 95,1%)were acceptable

for histological diagnosis. 129 (89.6%) of the biopsies showed
no signs of malignancy. Seven (4,9%) were positive for malig-
nancy. 1 biopsy was positive for MGUS. Seven (4.9%) of the
biopsies were unsuitable for histologic diagnosis.

Conclusion: Our study shows a prevalence of unsus-
pected malignancy in biopsies during PVP of 4.9%. Conserva-
tive treatment with analgesics and brace can potentially delay
diagnosis and treatment of underlying malignant disease. We
recommend biopsy during PVP as a standard-procedure, to
insure not to overlook any underlying malignancy despite the
MRI-scan, blood analysis and clinical examination being
inconspicuous.

Best Paper: Trauma

GO250. Development of a Universal Disease-Specific
Outcome Instrument for Spine Trauma: The AOSpine
Clinician Reported Outcome Spine Trauma (AOSpine CROST)
Said Sadiqi1, Jorrit Jan Verlaan1, A Mechteld Lehr1, F Cumhur
Oner1, AOSpine Knowledge Forum Trauma2
1Department of Orthopaedics, University Medical Center Utrecht,
Utrecht, The Netherlands
2AO Foundation, Davos, Switzerland

Introduction: The AOSpine Knowledge Forum Trauma
initiated a project to develop and validate universal disease-
specific outcome instruments for adult spine trauma patients.
Besides a patient reported outcome measure, the objective is
to develop and validate a clinician reported outcome (AOSpine
CROST) for this specific patient population. The AOSpine
CROST is needed to formalize the most relevant clinical and
radiological assessment parameters as a simple, reliable and
quick to administer tool that is completed by the treating
surgeons, and enables them to evaluate and predict the
clinical and functional outcomes of spine trauma patients
on the short term (3months-2 years) and long term (�2 years)
time periods post-trauma, independent of the patient re-
ported outcome. To identify relevant parameters, 2 separate
surveys were conducted.

Material and Methods: The 2 international cross-sec-
tional web-based surveys were conducted among highly
experienced spine surgeons from the 5 AOSpine International
world regions, consisting of members of AOSpine Internation-
al and International Spinal Cord Society (ISCoS). The first
survey focused on identifying relevant parameters for the
thoracic and lumbar spine (TL-survey), the second survey on
the subaxial cervical spine (C-survey). Participants were asked
to give their opinion on the relevance of a compilation of
parameters on a 5-point scale. Those parameters were based
on a systematic review, the recently developed AOSpine
Subaxial Cervical Spine and Thoracolumbar Spine Injury
Classification Systems, as well as expert interviews. In total,
16 parameterswere included in the TL-survey, and 21 in the C-
survey. Furthermore, participants were asked to indicate the
age that may have an influence on patients’ outcome. The
responses were analyzed using descriptive statistics, frequen-
cy analysis and Kruskal-Wallis test.

Results: Out of the 279 invited spinal surgeons, 118
(42.3%) participated in the TL-survey and 108 (38.7%) in the
C-survey. Combining the results of both surveys, 5 parameters
were identified as relevant by at least 70% of the participants
for all spine regions and time periods post-trauma. Neurolog-
ical status was identified as the most relevant parameter. In
contrast, 5 parameters were not deemed relevant. Pain and
mobility of the spine were more relevant for the thoracolum-
bar- and lumbar spine region, while 3 parameters were more
relevant for the cervical spine. Five parameterswere identified
as relevant for the short term, while bony fusion was the only
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identified parameter for the long term. The identified missing
parameter was bone quality. No large differences were ob-
served for the age that may have an influence on patients’
outcome (mean range: 50.1–58.2 years). Only minor differ-
ences were observed in the response patterns between the
world regions, or spine surgeons’ degree of experience.

Conclusion: These studies identified clinical and radio-
logical assessment parameters considered asmost relevant by
a worldwide panel of highly experienced spine surgeons to
evaluate and predict outcomes of spine trauma patients. After
formalizing these parameters and conducting pilot tests, a
final version of the AOSpine CROST has been developed,
consisting of 10 items. Once subjected to further validation,
the AOSpine CROST will be a helpful tool in research and
clinical practice.

GO251. The Development of a Universally Accepted Sacral
Fracture Classification: A Survey of AOSpine and AOTrauma
Members
Gregory D. Schroeder1, Alexander R. Vaccaro1, Mark F. Kurd1,
Christopher K. Kepler1, James C. Krieg1, Conor P. Kleweno2, Reza
Firoozabadi2, Frank Kandizoria4, Klause J. Schnake5, S.
Rajesekaran6, Jorg H. Holstein7, Henry C. Sagi8, Marcel F.
Dvorak9, Luiz R. Vialle10, F. C. Oner11, Carlo Bellabarba2,
Jens R. Chapman3
1The Rothman Institute at Thomas Jefferson University, Philadelphia,
Pennsylvania, United States
2Department of Orthopaedic Surgery, University of Washington,
Seattle, Washington, United States
3Department of Orthopedic Surgery, Swedish Neuroscience Institute,
Seattle, Washington, United States
4 Berufsgenossenschaftliche Unfallklinik Frankfurt, Center for Spinal
Surgery and Neurotraumatology, Frankfurt, Germany
5Schön Klinik Nürnberg Fürth, Center for Spinal Surgery, Fürth,
Germany
6Department of Orthopaedics, Ganga Hospital, Coimbatore, Tamil
Nadu, India
7Department of Orthopaedic Sugrery, University of Saarland,
Homburg, Germany
8Florida Orthopedic Institute, Tampa, Florida, United States
9Department of Orthopaedic Surgery, The University of British
Columbia, Vancouver, Canada
10Department of Orthopaedic Surgery, Catholic University, Curitiba,
Brazil
11Department of Orthopaedic Surgery, University of Utrect, Utrect,
The Netherlands

Introduction: Sacral fractures are complex injuries that
pose diagnostic and technical challenges for surgeons. While
multiple classifications have been proposed, there is not a
comprehensive, universally accepted classification. The AO-
Spine Trauma Knowledge Forum partnered with orthopaedic
traumatologists from AOTrauma to develop a straightforward,
hierarchical classification system for sacral fractures. While
the classification was developed via a consensus process of
clinical experts, the authors solicited input from the global
community to ensure that the proposed classification could
achieve global acceptance.

Material and Methods: Prior to finalizing the new
AOSpine Sacral Injury Classification System, a survey was
sent to all members of AOSpine and AOTrauma. The survey
included the preliminary sacral classification as well as ques-
tions asking for their input on key parts of the classification.
Along with demographic information, the following four
questions were asked: (1) Since type B injuries in the new
AOSpine sacral classification refer only to vertical fracture
patterns and exclude injurieswith a transverse component, do
you agree that there is an increase in the risk of neurologic

injury as the B subtype increase: B1—an injury medial to the
foramen; B2—an injury lateral to the foramen and B3 an injury
through the foramen. (2) Do you think the hierarchical nature
of the sacral classification is appropriatewith: A ¼ transverse;
B ¼ Unilateral vertical fracture; C ¼ Any fracture that leads to
spinopelvic instability. (3) Do you think the integrity of the L5/
S1 facet is adequately considered in this classification system?
(4) Doyou think C0 (a non-displaced sacral U fracture thatmay
be seen in low energy insufficiency fractures) is a clinically
relevant entity that deserves its own spot in the classification?

Results: A total of 596 surgeons from all six AO regions
of the world responded to the survey. 70.9% of respondents
were orthopaedic trauma surgeons, 18.5% were orthopaedic
spine surgeons and 4.7%were neurosurgeons. Overall 78.1% of
respondents agreed that the B subtypes were correctly or-
dered for an increase in the risk of a neurologic injury. 86.1% of
respondents felt that the hierarchical nature of the classifica-
tion was appropriate. 82.9% of respondents felt that the L5/S1
facet was adequately considered in the classification, and
84.1% of surgeons felt that C0 is clinically relevant entity
thatdeserves its own spot in the classification.When surgeons
were stratified as either a trauma surgeon or a spine surgeon
(orthopaedic or neurosurgeon), significantly more spine sur-
geons than trauma surgeons agreedwith the organization of B
type injuries (84.7% versus 75.4%, respectively, p ¼ 0.03);
however, still more than 3 in 4 trauma surgeons agreed
with the organization of B type injuries. No other significant
difference was identified by specialty. Additionally, no signif-
icant difference (p > 0.39) was foundwhen respondents were
grouped by years in practice (0–10 years, 11–20 years and>20
years).

Conclusion: While validation studies are ongoing for
the new AOSpine sacral fracture classification, the classifica-
tion is designed such that worldwide acceptance from both
spine surgeons and trauma surgeons may be possible.

GO252. 3D-Navigation Reduces Radiation Exposure and
Operative Time in Lumbopelvic Fixations
Martin F. Hoffmann1, Thomas A. Schildhauer1
1Department of Surgery, Bochum, Germany

Introduction:Management of unstable sacral fractures
has evolved from non-operative treatment to relatively rigid
internal fixation. Multidirectional instability of the posterior
pelvic ring and lumbopelvic junction may be stabilized by
lumbopelvic fixation. This technique decreases the load to the
sacrum and SI joint and transfers axial loads from the lumbar
spine directly onto the ilium, which allows early full weight
bearing and therefore reduces prolonged immobilization. One
of the keystones for lumbopelvic fixation is the placement of
the iliac screws. The iliac screws are directed from the
posterior superior iliac spine (PSIS) to the anterior inferior
iliac spine (AIIS). The optimal osseous corridor for iliac screw
placement requiresmultiple posteroanterior and lateral views
with additional obturator outlet and obturator inlet views.
Obtaining the correct views results in increased OR times,
fluoroscopy times, and radiation exposure of the patients and
OR personnel. The purpose of this study was to evaluate if a
better intraoperative visualization of bony structures utilizing
a 3D-navigation system can reduce operative time, fluorosco-
py time, and radiation exposure.

Material and Methods: From one academic trauma
center, 44 consecutive patients were retrospectively identi-
fied as having been treated with lumbopelvic fixation be-
tween July 2011 and June 2015 (4 years). Of these, 10 patients
were excluded because of only a unilateral triangular fixation.
34 patients (61.8% female) met the inclusion criteria. Patients
had an average age of 58.9 years (range 18–87 years).
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Lumbopelvic implants (USS II, DepuySynthes, Germany) were
inserted as described by Schildhauer. A passive optoelectronic
navigation system (Brainlab, Germany) was utilized for navi-
gated iliac screw placement. Surface registration of L4 was
performed for the matching procedure. To compare groups,
demographics were assessed, operative time, fluoroscopic
time, radiation, and screw malpositioning were delineated.

Results: During the study period, 24 patients under-
went bilateral lumbopelvic fixation utilizing conventional
fluoroscopic imaging alone and 10 patients underwent the
procedurewith 3D navigated iliac screw placement. No differ-
enceswere found between the two groups regarding age (60.3
versus 55.6 years; p ¼ 0,553), BMI (25.65 versus 25.17 kg/m2;
p ¼ 0.808), gender (62.5% versus 60% females; p ¼ 0.891), or
length of hospital stay (39 versus 26 days; p ¼ 0.089). Com-
paring screw length and diameter, the median was 110 mm
and 8 mm, respectively in both groups. Utilization of 3D
navigation led to a fluoroscopy time reduction of more than
50% (3.47 versus 8.32 minute.; p ¼ 0.004) resulting in a
significantly reduced radiation (4980 versus 2665 Gy*cm2;
p ¼ 0.032). Operative time was reduced in the navigation
group (177 versus 234 minute; p ¼ 0.028) despite the neces-
sity of additional surface referencing.

Conclusion: Fixation of sacral fractures continues to be
challenging due to complex local anatomy. Especially in severe
comminuted sacral fractures lumbopelvic fixation provides
superior stability and allows immediate weight-bearing. For
iliac screws, identifying the correct entry point and angle of
implantation in all planes requires detailed anatomic knowl-
edge andmultiple radiographic views. In the current study, 3D
navigation helped to reduce operative time and fluoroscopy
time resulting in a significant reduction of radiation exposure
for the patient and OR personnel.

GO253. Methylprednisolone for the Treatment of Patients
with Acute Spinal Cord Injuries: A Systematic Review and
Meta-analysis
Nathan Evaniew1, Emilie P. Belley-Côté2, Nader Fallah3, Vanessa
K. Noonan3, Carly S. Rivers3, Marcel F. Dvorak4
1Department of Surgery, McMaster University, Hamilton, Canada
2Department of Clinical Epidemiology and Biostatistics, McMaster
University, Hamilton, Canada
3University of British Columbia, Rick Hansen Institute, Vancouver,
Canada
4Department of Orthopaedics, University of British Columbia,
Vancouver, Canada

Introduction: Previous meta-analyses of methylpred-
nisolone for patients with acute traumatic spinal cord injuries
(TSCIs) have not addressed confidence in pooled effect esti-
mates and new primary studies have been recently published.
We performed a systematic review and meta-analysis to
determine whether methylprednisolone improves motor re-
covery and is associated with increased risks for adverse
events.

Material and Methods: We searched MEDLINE, EM-
BASE, and The Cochrane Library for eligible randomized
controlled trials (RCTs) and controlled observational studies.
Two reviewers independently screened articles, extracted
data, and evaluated risk of bias. We pooled outcomes from
RCTs and controlled observational studies separately using
random effects models. We quantified heterogeneity using
the chi-squared test and the I-squared statistic, and we pre-
specified subgroup hypotheses to explain potential high
heterogeneity. We used the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) approach
to evaluate confidence.

Results: We included four RCTs and 17 observational
studies. Methylprednisolone did not increase long-term mo-
tor score recovery (two RCTs: 335 participants, mean differ-
ence [MD] -1.11, 95% CI -4.75 to 2.53, p ¼ 0.55, low certainty;
two observational studies: 528 participants, MD 1.37, 95% CI
-3.08 to 5.83, p ¼ 0.55, very lowcertainty) or improvement by
at least one motor grade (three observational studies: 383
participants, risk ratio [RR] 0.84, 95% CI 0.53 to 1.33, p ¼ 0.46,
very low certainty). Evidence from two RCTs demonstrated
superior short-termmotor score improvement if methylpred-
nisolone was administered within eight hours of injury (two
RCTs: 250 participants; MD 4.46, 95% CI 0.97 to 7.94, p ¼ 0.01;
low certainty), but risk of bias and imprecision limit confi-
dence in thesefindings. Observational studies demonstrated a
significantly increased risk for gastrointestinal bleeding (eight
studies: 2727 participants, RR 2.53; 95% CI 1.48 to 4.32;
p < 0.01, very low certainty), but RCTs did not. Risks for other
adverse events were not significantly increased.

Conclusion: Methylprednisolone does not provide sig-
nificant long-term benefit to patients with acute TSCIs and
may be associated with increased gastrointestinal bleeding.
These findings support current guidelines against routine use,
but strong recommendations are not warranted because
confidence in the effect estimates is limited. This meta-
analysis advances current understanding because it includes
recent studies not pooled previously and it is the first to
consider confidence in the pooled effect estimates. Further
research could increase confidence and clarify the influence of
potential confounders or effect modifiers.

Deformity Thoracolumbar Adolescent 5

GO254. Reducing Rod Breakage and Pseudarthrosis in
Pedicle Subtraction Osteotomy: The Importance of Rod
Number and Configuration in 264 patients with 2-Year
Follow-Up
Munish Gupta1, Jensen K. Henry2, Frank Schwab2, Christopher
Ames3, Eric Klineberg1, Justin Smith4, Vedat Deviren5,
Christopher Shaffrey4, Robert Hart6, Richard Hostin7, Gregory
Mundis8, Han Jo Kim9, Douglas Burton10, Virginie Lafage2,
International Spine Study Group11
1Department of Orthopaedic Surgery, University of California, Davis,
Sacramento, California, United States
2NYU Hospital for Joint Diseases, New York, New York, United States
3Department of Neurosurgery; University of California San Francisco
Medical Center, San Francisco, California, United States
4Department of Neurosurgery; University of Virginia, Charlottesville,
Virginia, United States
5Department of Orthopaedic Surgery, University of California San
Francisco Medical Center, San Francisco, California, United States
6Department of Orthopaedic Surgery, Oregon Health and Science
University, Portland, Oregon, United States
7Baylor Scoliosis Center, Plano, Texas, United States
8San Diego Center for Spinal Disorders, La Jolla, California, United
States
9Department of Orthopaedic Surgery, Hospital for Special Surgery,
New York, New York, United States
10Department of Orthopaedic Surgery, University of Kansas Medical
Center, Kansas City, Kansas, United States
11International Spine Study Group, Brighton, Colorado, United States

Introduction: Pedicle subtraction osteotomies (PSO)
can provide substantial realignment, but are associated with
pseudarthrosis and rod failure. The addition of supplementary
rods and interbody fusion (IBF) may decrease the failure rate.

Material and Methods: Adult spinal deformity patients
with �1 lumbar PSO and 2-year follow-up were included.
Demographic, operative, and outcomes data were collected.
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Radiographs were assessed for implant failure; IBF; and rod
number, material, and diameter. Multiple ( > 2) rod configu-
rationwas described asAccessory (connected toprimary rods)
or Satellite (independently anchored in the pedicles). Potential
risk factorswere evaluated for PSO site failure (rod breakage or
revision for pseudarthrosis).

Results: From 264 patients included, there were 190
with 2 rods (2R), 36 with 3R, and 38 with 4R. There were no
differences in demographics or baseline radiographic param-
eters across groups. 2R-3R constructs had a trend of higher
rates of failure at the PSO site (28%, 29%) than 4R constructs
(18%; p ¼ 0.128). The 3–4R patients had significantly fewer
revisions for instrumentation failure and/or pseudarthrosis
than the 2R group (15% versus 26%; p ¼ 0.035). Therewere 45
Accessory rods (61%) and 29 Satellite rods (39%). Satellite rods
failed significantly less at the PSO site than Accessory rods
(10% versus 31%; p ¼ 0.034). Satellite configurations also had
significantly fewer revisions for instrumentation/pseudarth-
rosis (0% versus 23%; p ¼ 0.009) and fewer revisions for all
causes (8% versus 50%; p < 0.001) than Accessory rods. 3–4R
Accessory constructs were similar to 2R in failures (31% versus
29%; p ¼ 0.452), revisions for implant failure/pseudarthrosis
(23% versus 26%; p ¼ 0.388). There were no significant differ-
ences in failures across all rod diameters (4.5, 5.5, 6.0,
6.35mm; p ¼ 0.183). Small rods (�5.5mm) had a trend of
higher failure rates than large (�6mm) rods (30% versus 18%;
p ¼ 0.052). In 3–4R constructs, large rods had a significantly
lower rate of failure than small rods (5% versus 33%;
p ¼ 0.009). Titanium rods had a significantly higher failure
rate (39%) than Cobalt Chrome (27%) and Stainless Steel (19%)
rods (p ¼ 0.027). In 2R constructs, Titanium rods failed sig-
nificantly more (44%) than Cobalt Chrome or Stainless Steel
(25%, 24%; p ¼ 0.037). In 3–4R constructs, the trend continued
but was not statistically significant (p ¼ 0.127). IBF (graft or
cage) at the PSO level resulted in fewer failures than patients
with no IBF (21% versus 33%; p ¼ 0.046). In 4R constructswith
fusion above and below the PSO site, there were 0 failures at
the PSO site, compared with 22% in 2R with IBF, and 34% in 2R
constructs with no IBF at all. There were 0 failures in Satellite
rods with IBF, compared with 27% failure in S constructs
without interbody fusion (p ¼ 0.05).

Conclusion: This study confirms a high rate of pseu-
darthrosis and rod breakage in the first 2 years following
lumbar PSO surgery. The lowest rates of rod failure/pseudarth-
rosis were found in constructs with Satellite rods, IBF adjacent
to the PSO, avoidance of Titanium rods, and larger diameter
rods.

GO255. Intrathecal Baclofen Pumps do not Accelerate
Progression of Scoliosis in Quadriplegic Spastic Cerebral
Plasy
Paul Rushton1, Luigi Nasto1, Ranjit Aujla1, Michael Vloeberghs1,
Michael Grevitt1
1Centre for Spinal Studies and Surgery, Queen's Medical Centre,
Nottingham, United Kingdom

Introduction: Intrathecal baclofen pumps are an effec-
tive treatment for spasticity in patients with cerebral palsy.
Recently, concerns have been raised regarding the potential
for intrathecal baclofen pumps to accelerate scoliosis progres-
sion and increase the need for spinal fusion surgery. To date
the literature remains unclear, with studies often failing to
account for the natural history of scoliosis progression in this
population when assessing the influence of baclofen pumps.
We aim to clarify matters by comparing progression of
scoliosis in quadriplegic spastic cerebral palsy with and
without intrathecal baclofen pumps.

Material and Methods: Design: Retrospective matched
cohort. Patients: Inclusion criteria: Quadripegic spastic cere-
bral palsy, GMFCS level 5, follow up > 1 year, adequate
radiographic/clinical data. Methods: Suitable patients who
underwent intrathecal baclofen pump insertion were
matched to cases with the same diagnosis and function level
with comparable age and baseline Cobb angle but without
intrathecal baclofen pumps. Outcomes: Primary: Sequential
radiographs measured to assess annual coronal curve pro-
gression and peak curve progression. Secondary: Need for
spinal fusion for curve progression. Analysis: Between group
comparisons made with paired t-tests and chi square tests.

Results: Baclofen group: 17 patients (7 female), mean
age at insertion of pump 9.4 (3.6), 10 cases with a scoliosis
> 10° at baseline. Initial Cobb angle 21° (21) and Risser grade
0.8. Twelve cases had hip subluxation/dislocation at baseline.
Mean follow up 4.7 (1.3–8.8) years. Mean Cobb angle at final
follow up was 77° (27). Non-baclofen group: 17 patients (10
female), mean age at baseline 9.5 (3.7), 12 cases with a
scoliosis at baseline. Initial Cobb angle 25° (20) and Risser
grade 0.9. Three cases had hip subluxation/dislocation at
baseline. Mean follow up 3.6 (1–7.5) years. Mean Cobb angle
at final follow up was 67° (30). The two groups were statisti-
cally similar in terms of age, initial Cobb angle, Risser grade
and presence/absence of scoliosis at baseline. The baclofen
group had a higher proportion of hip subluxation/dislocation
at baseline (p ¼ 0.006). Mean annual curve progression was
13.4° (7.2) for the baclofen group vs 13.6° (9.1) for the non-
baclofen group (p ¼ 0.8). Mean peak curve progression was
31.7 (34) for the baclofen group and 27.1 (18) for the non-
baclofen group (p ¼ 0.95). 4 patients with baclofen pumps
and 5 without required spinal fusion for curve progression
during follow up. All patients, aside one non-baclofen case,
had developed a scoliosis by follow up; mainly thoracolum-
bar/lumbar collapsing C curves.

Conclusion: Patients with quadriplegic spastic cerebral
palsy with and without baclofen pumps showed significant
curve progression over time. Intrathecal baclofen pumps do
not appear to alter the natural history of curve progression in
this population.

GO256. Upright, Prone, and Supine Spinal Morphology in
Adolescent Idiopathic Scoliosis
Rob Brink1, Tom Schlösser1, Dino Colo1, Koen Vincken2, Marijn
van Stralen1, Steve Hui3, Winnie Chu3, Jack Cheng4, René
Castelein1
1Department of Orthopaedic Surgery, Utrecht, The Netherlands
2Image Sciences Institute, Utrecht, The Netherlands
3Department of Imaging and Interventional Radiology, Shatin,
Hong Kong
4Department of Orthopaedics and Traumatology, Shatin, Hong Kong

Introduction: Adolescent idiopathic scoliosis patients
are exposed to ten times more radiation as compared with
healthy adolescents, this leads to increased risk of developing
malignancies. To minimize the radiation exposure, non-ioniz-
ing imaging modalities, such as MRI, can be used, but this is
acquired in supine positioning, unlike the standingX-rays that
are the gold standard. As far as we know, this is the first study
to compare the 2-D morphology of the spine on conventional
radiographs with the 3-D morphology on supine MRI and
prone CT images. The objective is to evaluate the correlation
between the morphology of the spine on conventional radio-
graphs in the upright position and 3-D supine and prone
imaging modalities in patients with adolescent idiopathic
scoliosis.

Material and Methods: 62 adolescent idiopathic scoli-
osis patients planned for scoliosis surgery and had undergone
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standard pre-operative work-up (upright radiographs, supine
MRI for exclusion of neural axis abnormalities and prone CT
for navigation surgery for posterior pedicle screw fixation)
were included. In all three positions, Cobb angles, thoracic
kyphosis, lumbar lordosis and apical vertebral rotation (2-D
X-rays: method of Perdriolle, 3-D scans: semi-automatic
software) were determined. In addition, on reconstructed
3-DMR and CT images, the true sagittal and coronalmorphol-
ogy were measured semi-automatically (previously validated
technique). Chi-square tests were used for correlation analysis
between the positions.

Results: In the thoracic and (thoraco)lumbar curves,
Cobb angles correlated significantly between conventional
radiographs (68 � 15° and 44 � 17°), supine MRI (57 � 14°
and 35 � 16°) and prone CT (54 � 15° and 33 � 15°; r�0.89;
p < 0.001). In the axial plane, the apical vertebral rotation
showed a good correlation between the positions (upright, 22
� 12°; prone, 20 � 9° and supine, 16 � 11°; r�0.56;
p < 0.001). The thoracic kyphosis and lumbar lordosis on
the conventional upright X-rays did not correlate with the
true sagittal morphology on MRI or CT. The relation of the
thoracic Cobb angle between the standingX-rays and the lying
down images of moderate to severe patients is expressed by
the formula: upright radiograph (°) ¼ 10.81 þ 1.01*supine
MRI(°) and prone CT(°) ¼ -3.02 þ 1.00*supine MRI(°).

Conclusion: Although there is slight underestimation
of the morphology of the 3-D spinal curvature in the supine
position as compared with upright, there is a significant
correlation of the deformation in all three dimensions be-
tween the different body positions and imaging modalities.
Therefore, accurate estimation of the upright morphology of
adolescent idiopathic scoliosis is possible, using non-ionizing
supine MRI or prone CT scans.

GO257. Larger Curve Magnitudes (> 70 Degrees) in
Adolescent Idiopathic Scoliosis are Associated with
Significantly Higher Cost of Surgical Treatment and a
Delayed Return to Function
Roslyn Tarrant1, Patrick Kiely1
1Departmentof Orthopaedic Surgery, Our Lady's Children's Hospital,
Crumlin, Dublin, Ireland

Introduction: Surgical procedures to correct larger
curve magnitudes >70°in patients with adolescent idiopathic
scoliosis (AIS) are still common globally. Despite the increased
complexity associated with surgical correction of these
curves, there is limited evidence available assessing the effect
of preoperative curve severity on clinical or economical out-
comes. This study aimed to examine the impact of preopera-
tive curves >70° versus those � 70° on perioperative,
functional and financial outcomes in patients with AIS under-
going posterior spinal fusion (PSF).

Material and Methods: Seventy seven eligible AIS
patients who underwent PSF were prospectively followed-
up, until return to postoperative function was reported.
Preoperative curves > 70° versus � 70°, were analyzed in
relation to surgical duration, estimated blood loss, periopera-
tive complications, length of hospitalisation, return to func-
tion and cost of surgical treatment per patient.

Results: Severe preoperative curves greater than 70°,
identified in 21 patients (27.3%), were associated with signifi-
cantly longer surgical duration (median 6.5 hour versus 5
hour, p ¼ 0.001) and increased blood loss (median 1,250ml
versus 1,000ml, p ¼ 0.005) – these patients were 2.1 times
more likely to receive a perioperative blood product transfu-
sion (Relative Risk 2.1, Confidence Interval 1.4–2.7,
p ¼ 0.004). Curves greater than 70° were also associated
with a significantly delayed return to school/college, and an

increased cost of surgical treatment (33,730 versus 28,620,
P < 0.0001).

Conclusion: Surgeons can expect a longer surgical
duration, greater intraoperative blood loss and double the
blood product transfusion risk when performing PSF proce-
dures on AIS patients with curves greater than 70°versus
those � 70°. Surgical correction for curves > 70°, often as a
result of lengthy surgical waiting lists, also incurs added
expense and results in a partial delay in early functional
recovery.

GO258. Is There a Difference in Outcome between Top and
Side Loading Instrumentation System Used for the Surgical
Treatment of Adolescent Idiopathic Scoliosis (AIS)
Salah Fallatah1
1Department of Orthopedics, Faculty of Mediciene, Umm AlQura
University, Makkah, Saudi Arabia

Introduction: Different Instrumentation systems has
been developed for the surgical correction of Adolescent
idiopathic Scoliosis (AIS) with different deformity correction
techniques.

Material and Method: The purpose of this retrospec-
tive study was to compare top loading to side-loading instru-
mentation systems used in the surgical treatment of AIS
looking at the clinical, functional and radiological outcomes
aswell as the cost differencebetween different systems. Thirty
matched surgically treated female patients were assigned to 2
groups, group onewere treated using a top loading systemand
in group 2 a side-loading spinal instrumentation system was
used. The groupswere evaluated for curvemagnitude, percent
correction, functional outcome using the scoliosis research
society questionnaire-30.

Results: both groupswere similar in their demographic
data, preoperative clinical and functional variables. The cost of
instrumentationwas significantly higher in group 2. At 2 years
follow up: both groups have significant improvement in all
domaines of Scoliosis Research Society score-30. Group 1 had
a better (not significant) correction of the rib hump and both
groups had similar percent correction of the main curve.

Conclusion: The surgical treatment of AIS with side
loading systems was significantly more expensive but had
statstically similar functional and radiographic results to the
top loading system.The top loading system achieved better
correction of the rib hump.

GO259. Posterior Spinal Osteotomies for Sagittal Imbalance
Mohammad El-Sharkawi1, Hamdy Tammam1, Essam El-Sherif1,
Faysal Adam1, Hesham Refae2
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Orthopaedic Surgery, South Valley University, Qena,
Egypt

Introduction: Surgical treatment of spinal deformity
offers superior clinical and radiographic outcomes than non
operative approaches. This prospective study aimed at assess-
ment of outcomes of posterior only spinal osteotomies in
treatment of sagittal imbalance.

Patients and Methods: Thirty cases of symptomatic
sagittal imbalance were managed with posterior spinal os-
teotomy in Assiut University Hospitals. Half of them were
males, age ranged from 5–57 years (20 � 12.9). Eleven cases
were congenital (36.7%) and five cases were Scheuermann
kyphosis (16.7%), with other causes (46.7%) including degen-
erative, junctional, ankylosing spondylitis, post tuberculous,
neuromuscular and Idiopathic types. Curves were angular in
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14 cases (46.7%) and smooth in sixteen (53.3%). Ten cases
(33%) were thoracic, eight (27%) were thoracolumbar, six
(20%) were lumbar and six cases were diffuse. VAS, ODI,
SRS-22, neurology, and radiological parameters (SVA, TK, LL
T1SPA, PI, PT and SS using Surgimap 2.0.8.4664) were com-
pared pre, post and at last follow up visit. Operative time,
bleeding amount, and correction achieved were compared.
The mean follow up was 21 months (12–60 months).

Results: Seventy five osteotomies (59 Ponte Osteoto-
mies “PO” in 19 cases, Six Pedicle Subtraction Osteotomies
“PSO” in 4 cases and ten Posterior Vertebral Column Resec-
tions “PVCR” in10 cases) had been done. Thirty nine osteot-
omies (52%) were thoracic, 17 thoraco-lumbar and 19 were
lumbar. The VAS, ODI and total SRS-22 were improved
(p ¼ 0.001) with no difference between the three osteotomy
types. The local kyphosis improved from 61° to 10.57°
(p ¼ 0.001) with 82.7% final correction and no difference
between PVCR and PO (p ¼ 0.017). TK improved from
43.86° to 30.47 ° (p ¼ 0.020). The mean SVA improved from
54.68 mm preoperatively to 33.48 mm postoperatively and
was 35.16 mm at final follow up (p ¼ 0.023). The amount of
blood loss and the mean operative timewas less with PO than
PSO and VCR (p ¼ 0.001 and p ¼ 0.039). Two cases developed
deep infection and were successfully managed with debride-
ment and antibiotics. Four cases developed asymptomatic
proximal junctional kyphosis. Two cases with postoperative
neurological complications were encountered. One of them
recovered spontaneously during the follow up. The other one
had proximal junctional failure and atraumatic subluxation of
the upper dorsal spine. Urgent reduction and proximal exten-
sion of the fixation and fusionwas done. Complete neurologi-
cal recovery was observed during the follow up.

Conclusion: Posterior only spinal osteotomies appear
to be highly effective in correcting sagittal imbalance andmay
avoid the morbidity of anterior or combined approaches.

GO260. Three Dimensional Correction of Severe Rigid
Neurofibromatosis Scoliosis
Wael Koptan1, Mohammad El-Sharkawi2, Yasser ElMiligui1
1Department of Orthopaedics, Faculty of Medicine, Cairo University,
Cairo, Egypt
2Department of Orthopaedics, Faculty of Medicine, Assiut University,
Assiut, Egypt

Introduction: The surgical management of severe rigid
dystrophic neurofibromatosis curves is a demanding proce-
dure with uncertain results. Several difficulties are present in
such patients including a poor bone stock, sharp angulation of
these curves and the delicate nature of the dural sac. The aim
of this work is to review the clinical and radiographic outcome
of three-dimensional correction of severe rigid neurofibro-
matosis curves analyzing its efficacy, safety and possible
complications.

Materials and Methods: The results of 32 patients with
severe rigid neurofibromatosis deformities were retrospec-
tively reviewed. Patientswere followed-up for aminimumof 3
years; an average of 6.5y (range 3 – 9y). The average age was
14 years (range 11 - 19y). All patients had typical dystrophic
curves and the apex of the deformity was dorsal (13 patients);
dorsolumbar (14 patients) and lumbar (5 patients). All pa-
tients had a two staged procedure; an anterior release fol-
lowed by posterior instrumentation augmented by
sublaminar wires. The wires were placed immediately below
the proximal anchor and several sublaminar wires at the apex
of the deformity. There were a total of 142 wires with an
average of 6.5 wires/ patient (range 5 – 8 wires).

Results: The mean Cobb angle of the main curve was
102° before surgery corrected to an average of 39° and the loss

of correction had an average of 4°. Sagittal alignment im-
proved from an average of 12° to an average of 47° and
rotation was corrected by an average of 34%. There were no
dural tears during passage of the sublaminar wires and no
neurological or implant related complications.

Conclusions: The use of extensive and vigorous anteri-
or release with posterior hybrid instrumentation has proved
useful and effective in the treatment of these difficult cases;
sublaminar wires allow safe gradual correction and even
distribution of forces over multiple anchor points improving
the correction achieved and decreasing implant related
complications.

GO261. Incidence of Cancer and Infertility, in Patients
Treated for Adolescent Idiopathic Scoliosis 25 Years Prior
Ane Simony1, Leah Y. Carreon1, Steen Bach Christensen1, Mikkel
Osterheden Andersen1
1Center for Spine Surgery and Research, Middelfart Hospital.,
Middelfart, Denmark

Introduction: Adolescent females with idiopathic sco-
liosis are exposed to substantial amounts of radiation during
treatment and follow-up for AIS.The purpose of this studywas
to determine the amount radiation exposure patients received
during treatment for AIS and report the incidence of infertility
and cancer in adulthood.

Material and Method: 219 consecutive AIS patients
treated at Rigshospitalet, Copenhagen between 1983 and
1990 were identified and requested to return for clinical
and radiographic examination. The incidence of cancer was
determined through chart reviewand follow-up interviews. In
addition, the subjects and age-matched controls were queried
regarding infertility, age at first pregnancy and spontaneous
abortions. Using X -ray reports that included patient position,
mAs and kV used and the number of X-rays taken, a radiation
physicist calculated the total radiation dose during treatment
and follow-up adjusted for BMI and sex.

Results: 159 (78%) patients participated in the follow
up study, and medical charts were available in 209 patients. 2
patients had passed away, one due to cardiac arrest and one to
breast cancer. 8 patients had emigrated. Radiation information
was available in 211 patients. The mean calculatedmean total
radiation exposure was 1.58 mSv (0,44–6,9).An average of
16.3 (range, 8–34) X-rays were taken during treatment. The
rate of infertility (10%) and spontaneous abortion (23%) is
similar to the normal controls. The AIS patients had an average
of 1.4 children,which is 1 child less than the 2.5 children in the
control cohort. Nine (4.3%) AIS patients developed cancer,
mostly breast (3) and endometrial (4). Risk Ratio for cancer
¼ 20.93 (95% CI:2.67–164.19) p ¼ 0.000132. The patients
with endometrial cancers have a low BMI 16.4 (15.9–16.6)
at first radiation exposure, and the patients with breast
cancers were older with BMI 20.4 (18.0–22.4). The incidence
of cancer in this cohort is 17 times greater than the incidence
of 0.25% in an age-sexmatched cohort from the Danish Cancer
Society Annual Report.

Conclusion: The infertility and spontaneous abortion
rate was similar between AIS patients and an age matched
cohort. The cancer rate in the AIS patients is 17 times higher
than expected compared with the age-matched Danish
population.
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GO262. Analysis of Normal Values of Sagittal Spinopelvic
Radiographic Parameters in Indian Population
Sai Krishna M. L. V.1, Deep Sharma1, Jagdish Menon1
1Department of Orthopaedics, JIPMER, Pondicherry, India

Introduction: Ever since Legaye et al. in 1998 first
described the importance of pelvic incidence as an important
determinant of sagittal spinal balance, several other radio-
graphic spinopelvic parameters have been defined. There are
an increasing number of reports and studies from around the
world signifying the role of these parameters in the mainte-
nance of global spinal balance. Alteration in the normal values
of the spinopelvic parameters has been implicated in causing
accelerated degeneration, low back pain and even sagittal
plane deformities. The recent literature has suggested that the
best functional outcomes after any spinal surgery were
achieved when these parameters have been normalized. In

this setting, it is extremely important to know the normal
values of these parameters in the target population. Though
these values have been well quantified in the Caucasian
population, there is a dearth of information in other racial
groups. A few studies done in other population groups have
shown some ethnic differences in the normal values of these
parameters. Thus in our study we aim to quantify the normal
values of sagittal spinopelvic radiographic parameters in
Indian population.

Materials andMethods: The studywas approved byour
institute review board and the ethical committee. A total of 75
young, healthy and asymptomatic volunteers were enrolled
into the study after taking a formal consent. There were 21
male and 54 female volunteers. Lateral sagittal digital radio-
graphs of the whole spine including the base of skull up to the
proximal ⅓ thigh were taken in standing position (patient is
naturally standing up, looking horizontally, hands resting on a
vertical support, upper limbs relaxed and elbowshalf bent).All
the subjects were at a specific distance from the radiographic

Table 1 Summary of demographic characteristics

AIS patients Controls Total

N 165 100

Responders 95 (57,6%) 65 (65%)

Female 91 59

Age at end of treatment 14,3 years (12–18 years)

Age at questionnaire 37,6 years (33–47 years) 37,5 years (26–54 years)

Have you been pregnant 85 (89,5%) 54 (91,5%)

Infertility 11* (10,6%) 8 (12,3%)

Partner infertile 6* (6,3%) 5 (7,6%)

Spontaneous abortion 22 (22,9%) 14 (21,5%)

Age at 1 pregnancy 23,0 years (16–41 years) 26,0 years (20–40 years)

N of children 1,4 (1–4 children) 2,5 (1–4 children)

*Both patient and partner infertile.

Table 2 Summary of demographic characteristics

AIS patients

N 219

Data available 209*

Female 199

Age at follow-up 37,6 years (33–47 years)

BMI at treatment 19,56 (12,26–27,85)

N X-rays during treatment 16,3 (8–34)

Radiation dose pr exam 0,8–1,4 mSv

Cummulative radiation dose per year 2,4–5,6 mSv

Number of cancer 9

Endometrial cancer 4

Breast cancer 3

Lymphoma 1

Glioma 1
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source and a single shot of X-rays have been used centering
around D12. The parameters measured were pelvic incidence
PI, pelvic tilt PT, sacral slope SS, thoracic kyphosis TK, lumbar
lordosis LL, lordotic and kyphotic vertebra. All measurements
were performed by two independent observers using the
Surgimap spine software version 2.1.2.The values thus ob-
tained were compared with the values described in other
population groups.

Results: The mean values obtained in our population
group were PI-47.85, PT-13.03, SS-34.8, LL-54.68, TK-24.03. A
significant correlation was found between SS-LL (r-0.817), PI-
SS(R-0.813), PI-LL(r-0.692), PI-PT(r-0.589), LL-TK (r-0.505).
Comparing our data with European data, the pelvic incidence
of our study was lower. We also found that the values of
spinopelvic parameters did not varymuch betweenmales and
females except PT, which was found to have a statistically
significant difference between sexes (p ¼ 0.019).

Conclusion: The study demonstrated that pelvic inci-
dence of the Asian population varied when compared with
that of the Caucasian population. The pelvic incidence of our
present study was similar to Japanese and Korean population.
It was lower than that of the Caucasian population.

GO263. Trends in Hospital Admissions and Surgical
Procedures for Degenerative Lumbar Spine Disease in
England: a 15 Year Time-series
Vino Siva1, Marios Papadopoulos1, Baris Ozedemir2, Hitesh
Patel3
1Atkinson Morley Department of Neurosurgery, St George's Hospital,
London, United Kingdom
2St George's Hospital, London, United Kingdom
3Department of Cardiology, London, United Kingdom

Introduction: Low back pain (LBP), from degenerative
lumbar spine disease, represents a significant burden on
healthcare resources. Studies worldwide report trends attrib-
utable to their country's specific demographics andhealthcare
system. Considering England's specific medico-socioeconom-
ic conditions, we investigate recent trends in hospital admis-
sions and procedures for LBP, and discuss the implications for
the allocation of healthcare resources.

Material and Methods: Retrospective cohort study
using Hospital Episode Statistics (HES) data relating to degen-
erative lumbar spine disease in England, between 1999 and
2013. Regression models were used to analyze trends. Out-
come measures include trends in the number of admissions
and procedures for LBP, mean patient age, gender and length
of stay.

Results: Hospital admissions and procedures have
increased significantly over the study period, from 127.09 to
216.16 and from 24.5 to 48.83 per 100,000, respectively
(p < 0.001). The increase was most marked in the oldest
age groups with a 1.9 and 2.33 fold increase in admissions
for patients aged 60–74 and �75 years respectively, and a 2.8
fold increase in procedures for those aged�60 years. Trends in
hospital admissions were characterized by awidening gender
gap, increasing mean patient age, and decreasing mean hos-
pital stay (p < 0.001).Trends in procedures were character-
ized by a narrowing gender gap, increasing mean patient age
(p ¼ 0.014) and decreasing mean hospital stay (p < 0.001).
Linear regression models estimate that each hospital admis-
sion translates to 0.27 procedures, per 100,000 (95%CI 0.25–
0.30, r 0.99,p < 0.001). Hospital admissions are increasing at
3.5 times the rate of surgical procedures (regression gradient:
7.63 versus 2.18 per 100,000/year).

Conclusions: LBP represents a significant and increas-
ing workload for hospitals in England. These trends demon-
strate an increasing demand for specialists involved in the

surgical and non-surgical management of this disease, and
highlight the need for services capable of dealing with the
increased co-morbidity burden associated with an aging
patient group.

GO264. Socio-Economic Impact of Cervical Spinal Cord Injury
Operated in Patients with Lower Income Group
Shakti Amar Goel1, Hitesh N. Modi1, Bharat R. Dave2, Pankaj R.
Patel3
1Department of Orthopaedics, VS General Hospital, Ahmedabad,
Gujrat, India
2Stavya Spine Hospital and Research Institute, Ahmedabad, Gujrat,
India Q6Q6

Q6

3

Introduction: None of study reviewed on socio-eco-
nomic impact after cervical spine surgery in patients with
cervical spine injury or myelopathy. Aimwas to study clinico-
radiological results and socio-economic impact even after
radiologically successful surgery.

Methods: After board approval, 104 participants (56
traumatic, 48 myelopathy) were included. All patients were
operated at a single institute between 2007 and 2014 with
anterior cervical approach. Patients who were expired after
surgery and other pathology were excluded, as aim was to
study socio-economic aspect. Nurick scale was used to assess
the degree of loss of function in individuals and roentograms
for fixation assessment.

Results: The average age of study group was 46.65
years with 58% comprising of males(n ¼ 63). About 46.7% of
the study group were laborers or farmers, majority of whom
lost their jobs (47%) post injury. None of the patient had
medical or life insurance. Average expenditure per family
of < 40USD per month. About 19% of the monthly expendi-
ture was spent on their illness; still majority (56%) had
aspirations to get the government support in form of financial
help or rehabilitation. The Nurick scale did not show any
significant change in pre and post operative periods (3.06 v/s
2.83, p > 0.05). Despite good radiological results; the socio-
economic burdens in study group had little impact.

Conclusion: Study shadowed socioeconomic impact
after cervical spine injury and are first of its kind in lower
income group. Such studies may further throw light in future
management of cervical spine injuries in developing versus
developed world.

GO265. Epidemiology of Traumatic Spinal Cord Injury in
Tehran, Iran: A Hospital-based Study
Mahdi Sharif-Alhoseini1, Vafa Rahimi-Movaghar1
1Sina Trauma and Surgery Research Center, Tehran University of
Medical Sciences, Tehran, Islamic Republic of Iran

Introduction: Spinal cord injury (SCI) is a devastating
conditionwith enormouspersonal and social costs. To develop
preventive strategies, the determination of epidemiological
features and causes is required. The aim of this study was to
describe the hospital-based incidence of traumatic spinal cord
injury in Tehran, Iran.

Material and Methods: In a retrospective study in
Tehran hospitals, the records of traumatic SCI patients, admit-
ted between March 2010 and July 2011 were surveyed.

Results: 138 cases of traumatic spinal cord injury were
identified. The majority of patients were male (84.8%). The
mean age was 33.2 � 14.3 years. 54.3% patients were residing
in Tehran and the others were referred from other cities. The
mean annual incidence of hospitalized traumatic spinal cord
injury patients of Tehran was 10.5/1,000,000/year (95%
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confidence interval: 9–12). Fallwas the leading cause of injury
(45.7%), followed by road traffic crash (40.6%). The most
common cause of tetraplegia (cervical traumatic spinal cord
injury) was road traffic crash. The duration of hospital stay for
tetraplegia and paraplegia (thoracic and lumbar traumatic
spinal cord injury)was 22.7� 23.7 and 12.5� 7.5, respectively
(p < 0.001). Early surgery (surgical decompression within 24
hour) was done for 19% of the patients. The median day of
hospitalization for early and late surgery was 7.5 and 12,
respectively (p ¼ 0.044).

Conclusion: Preventing traumatic spinal cord injury
should focus onmales, age group of 21–30 years, falls and road
traffic crash. More studies are suggested to evaluate the
incidence of non-hospitalized traumatic spinal cord injury
patients.

GO266. Nutritional and Vitamin D Status in a Brazilian
Sample of Patients Undergoing Spinal Surgery
Diego Benone Santos Neto1, Raphael Pratali1, Samuel Machado
Martins1, Carlos Eduardo Gonçales Barsotti1, Carlos Eduardo
Oliveira1
1Hospital Do Servidor Publico Estadual, Sao Paulo, Brazil

Introduction: Several systemic parameters can affect
the rate of complications in spinal surgeries and then have
influence in the clinical outcomes. Among these parameters
the nutritional status, which may be detected by the serum
albumin concentration, is primordial. The vitamin D is a fat-
soluble steroid hormone with important function at the bone
metabolism and homeostasis, also diminishing surgical com-
plications as bone mineral density compromises fixation. The
aim of the study was to evaluate the epidemiologic profile of a
Brazilian population sample specifically undergoing spinal
surgery about malnourishment, identified by hypoalbumine-
mia, and vitamin D.

Material and Methods: This is a prospective observa-
tional study including patients undergoing spinal surgery in
an only spine center. There were no exclusion criteria. The
patients had a preoperative serum albumin and vitamin D
concentration analysis on the day before their surgical proce-
dure. Demographic variables were extracted. The results of
the preoperative analysis were correlated with the demo-
graphic variables using the ANOVA and T-student’s test, with
the threshold of significance was set at P < 0.05.

Results: A total of 75 patients were included, 47
women (62.7%) and 28 men (37.3%). 74 had albumin concen-
tration analysis and 64 vitamin D. The mean of the serum
albumin result was 3,76 g/dL (DP: 0,53 g/dL), with 70.3% of the
patients considered normal and 29.7% presenting hypoalbu-
minemia. About vitamin D, the mean of the value was 16,64
ng/mL (DP: 7,43 ng/mL), with 64.1% of patients considered
deficient, 32.8% inadequacy and only 3.1% considered normal.
There was a significant difference in the albumin concentra-
tion related with age (p ¼ 0.007), with older age group
presenting poorer albumin levels. The hypoabluminemia
occurrence was significantly higher in patients with 60 years
or older (p < 0.001). There wasn’t correlation between vita-
min D and age (p ¼ 0.603). The correlation analysis between
the exam results and the gender didn’t show any significant
difference in none parameter.

Conclusion: Our study presented data about the serum
albumin and vitamin D status in a Brazilian population sample
of patients undergoing spinal surgery, information still un-
published. There was correlation between hypoalbuminemia,
representing malnourishment, with patient in higher age
groups. Almost all the patients presented some degree of
hypovitaminosis D, without correlation with age.

GO267. The Impact of Low Back and Neck Pain on Dentistry
Students in Northern Greece
Stavros I. Stavridis1, Efthimios Samoladas2, Konstantinos
Tsitas2, Kassiani Xanthopoulou2, Kleri Apostolidou2, Ippokratis
Hatzokos2
1Spine and Scoliosis Clinic, “St. Luke's” Hospital, Thessaloniki, Greece
2Department of 2nd Orthopaedic, Aristotle University of Thessaloniki,
Greece

Introduction: Dentistry students and dentists com-
prise a unique group of professionals, whose everyday profes-
sional activity requires long hours of standing and working in
position considered “unhealthy” for low-bask and neck. The
aim of this cross-sectional study was to explore the factors
involved in the appearance of low-back and neck pain in
dentistry students, as well as the impact of the pain on the
students’ professional and everyday activities.

Materials andMethods:Aquestionnairewas sent via e-
mail to all dentistry students of the 7th, 8th, 9thand 10th
semesters (years of clinical practice) of our university. The
questionnaire included 43 questions regarding demographi-
cal data, history (spinal injury, other comorbidities), daily
activities (exercise, smoking, alcohol and caffeine consump-
tion, use of cell phone, etc), professional activities (length and
type of dental work), pattern and intensity of pain and
personal pain evaluation. A statistical analysis of the gathered
data was performed.

Results:All students having suffered a spinal trauma or
indicating any other comorbidities that could cause severe
pain of the spine were excluded from the study. 55 students
(21 male, 34 female) were included in the study. Our data
showed that increased alcohol consumption and prolonged
use of cell phone were connected to increased levels of pain.
The students reported that the most frequent onset of pain
was onehour after starting towork in standing position, while
the majority believed that their working habits were involved
in the appearance and the intensity of neck and low-back pain.

Conclusions:Our findings indicate that among dentists
and dentistry students there appears to be a causative relation
between their professional activities and the experienced
spinal pain. These findings may be useful in a possible future
restructuring of the educational program in dental schools, as
well as in improving the ergonomics of dentistry working
units.

GO268. Spinal Fusion Surgery: Epidemiologic and Economic
Burden Attributable To First Intervention
Roberto Assietti1, Paolo Angelo Cortesi2, Fabrizio Cuzzocrea3,
Domenico Prestamburgo4, Mauro Pluderi5, Paolo Cozzolino2,
Lorenzo G. Mantovani2, Giancarlo Cesana2
1Neurosurgery Operative Unit, Ospedale Fatebenefratelli e Oftalmico,
Milan, Italy
2Research Centre on Public Health (CESP), University of Milan-Bicocca,
Monza, Italy
3Department of Orthopaedics and Traumatology, Fondazione IRCCS
Policlinico San Matteo, Pavia, Italy
4Department of Orthopaedic Surgery, Civile Regional Hospital,
Legnano, Italy
5Neurosurgery Unit, Fondazione I.R.C.C.S. “Ca’ Granda” Ospedale
Maggiore Policlinico, Milan, Italy

Introduction: Low back pain (LBP) is the single most
common cause for disability in individuals aged 50 years or
younger with a high socioeconomic impact. In USA, LBP costs
are estimated to exceed $100 billion per year and are mainly
related to lower productivity. Degenerative disc disease is one
of the main causes of LBP and ways of limiting disc degenera-
tion or even inducingdisc regeneration are still desirable goals
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in its treatment. Spinal fusion surgery is a recognized treat-
ment option of degenerative disc disease, however no ade-
quate data are available about the epidemiology of spinal
fusion surgery and its economic impact in Italy. The objective
of this analysis was to assess the epidemiologic and economic
burden of arthrodesis from a large population based-study

Material and Methods: Lombardy Region includes
around 9.9 million individuals. The study population was
identified through a datawarehouse (DENALI), whichmatches
with a probabilistic linkage demographic, clinical and eco-
nomic data of different Healthcare Administrative databases.
The study population was made by all subjects who, during
the period January 2001–December 2010, underwent a spinal
fusion surgery identified by one of the following codes ICD9-
CM: 81.04, 81.05, 81.06, 81.07 and 81.08. The first procedure
was used as index event. We estimated the incidence of first
spinal fusion surgery, the population and surgery character-
istics and the healthcare costs from the National Health
Service’s perspective.

Results: During the study period, 17,772 (mean (SD)
age 52.0 (17.2), 53.2% female) spinal fusion surgeries were
detected. Almost 67% of patients underwent spinal fusion
reported a Lumbar Degenerative Diseases. The incidence rate
of interventions increased from 12.6 to 19.1 per 100,000
person-year in the observational period between 2001 and
2006. During the past 4 years of observation, the incidence
was above 20.0 per 100,000 person-year. The results showed
an increasing constant patients’ median age during the time
period considered from 49.9 to 58.4 years. The average
hospital length of stay reported for the index event was
17.1 days in the 2001 and decreased until 11.0 days in the
2004. The average cost of the spinal fusion surgery increased
during the observational period, from 4.381 up to 9,388.

Conclusion: The study showed an increasing incidence
of spinal fusion surgery and costs from 2001 to 2010 in the
Italian Lombardy Region. Almost 67% of patients had a Lumbar
Degenerative Diseases and the majority of them are in a
working-age with a possible association to high productivity
loss. These results can be used to better understand the
epidemiological and economic burden of these types of
interventions, and associated with quality of life and loss of
productivity information could help to optimize the resources
available considering the different surgical procedures avail-
able today.

GO269. Length of Stayand Post-operative Complications and
Their Relation with the Glucose Level Preoperatively in
Diabetic and Non-diabetic Patients Undergoing Spinal
Surgeries
Yousef Almana1, Nouf AlHammad1, Abdulaziz Almutair1,
Waleed Awwad1
1Department of Orthopedics, King Saud University, Riyadh, Saudi
Arabia

Introduction: Hyperglycemia in diabetic patients is a
well-known risk factor for many perioperative morbidity and
mortality, as it alters the normal physiology of the patients
responding tomany stressors like surgery, it therefore tends to
increase the patients' costs and length of stay in the hospital.
Other studies have showed the relation between glycemic
instability with the adverse events following spinal surgeries,
showing as high as 19% non-diabetic patients, had hypergly-
cemia and considering it as a risk factor for many adverse
events like surgical site infections and sub-optimal wound
healing and for the increasing rates of surgical revision,
matching our hypothesis of the positive correlation between
glycemic instability and the rate of adverse events. The
purpose of this study was to expose the effect of glucose level

preoperatively on the patient complications and length of stay
in the hospital, and to compare between diabetics and non-
diabetics with hyperglycemia preoperatively regarding com-
plications and length of stay.

Material andMethods: Of the 129 patients who under-
went spinal surgeries at King Saud University Medical City,
Riyadh SA, during two years period (2013–2015) exclusion
and inclusion criteriawere applied including only the patients
whom their preoperative glucose level was documented and a
total number of 106 patients were enrolled in a retrospective
analysis study design. Each of the patients’ records underwent
a comprehensive and complete review.

Results: 34 (32.1%) of our patients were diabetic, 13
(12.2%) of all patients had hyperglycemia, 6 (46.2%) of the
hyperglycemic patients had at least one post-operative com-
plication, compared with 9 (10.5%) among the euglycemics (P
value 0.004), having most commonly infections and subopti-
mal wound healing (23.1%, n 3, P value 0.094, 0.192, respec-
tively), with an increase in length of stay by an average of 4.37
days (P value 0.256) and the incidence of complications among
the hyperglucemic ptients seen in 5 (55.6%) of the diabetics
and in 1 (25.0%) of the non-diabetics(P value 0.343).

Conclusion: Pre-operative hyperglycemia is associated
with more adverse events post operatively (seen more in
diabetics in this study), hence, along with other factors,
increasing patients’ length of stay in the hospital which
adds to the financial costs as well as predisposing to more
infections. However, the number of diabetic patients exam-
ined in this study was limited, demanding for more extensive
researches addressing the same topic.

Navigation

GO270. Complications with and without the Use of
Computer-Assistance in Lumbar Fusion Surgery: Analysis of
15,222 Patients in ACS-NSQIP Database
Ahmed Aoude1, Anas Nooh2, Maryse Fortin2, Sultan
Aldebeyan2, Peter Jarzem2, Jean Ouellet2, Michael H. Weber3
1McGill University, Montreal, Canada
2Department of Orthopaedics, McGill University, Montreal, Canada
3McGill Spine and Scoliosis Research Group, Faculty of Medicine,
McGill University, Montreal, Canada

Introduction: The objective of this paper is to demon-
strate the difference in post-operative complication rates
between Computer-assisted surgery (CAS) and conventional
techniques in spine surgery. Several studies have shown that
the accuracy of pedicle screw placement significantly im-
proves with use of CAS. Yet, few studies have compared the
incidence of post-operative complications between CAS and
conventional techniques.

Material and Methods: The American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP) databasewas used to identify patients that underwent
posterior lumbar fusion from 2011 to 2013. Multivariate
analysis was conducted to demonstrate the difference in
post-operative complication rates between CAS and conven-
tional techniques in spine surgery

Results: Out of 15,222 patients, 14,382 (95.1%) were
operated with conventional techniques and 740 (4.90%) were
operatedwith CAS.Multivariate analysis showed that patients
in the CAS group had less odds to experience adverse events
post-operatively (OR 0.57, p < 0.001). Minor adverse events
occurred in 2905 (20.2%) patients in the conventional group
and 98 (13.2%) patients in CAS group (OR=0.57, p < 0.001).
Blood transfusion was present in 2488 (17.3%) of the patients
in the conventional group comparedwith 98 of the patients in
CAS group (10.95%)(OR=0.56, p < 0.001). The mean operative
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time in the conventional group was 205.2 � 106.1 minutes,
and 227.0 � 111.9 minutes in the CAS group. This difference
was statistically significant (r=20.14, p < 0.001).

Conclusion: This paper examined the complications in
lumbar spinal surgery with or without the use of CAS. These
results suggest that CAS may provide a safer technique for
implant placement in lumbar fusion surgeries.

GO271. A Novel Approach to Navigated Implantation of
Thoracic and Lumbosacral Pedicle Screws Using Inertial
Measurement Units
Gregory F. Jost1, Jonas Walti2, Luigi Mariani3, Stefan Schären1,
Philippe Cattin2
1Spine Surgery, University Hospital Basel, Basel, Switzerland
2Department of Biomedical Engineering, University of Basel, Basel,
Switzerland
3Department of Neurosurgery, University Hospital Basel, Basel,
Switzerland

Introduction: A novel method of intraoperative navi-
gation with inertial measurement units was developed to
implant pedicle screws in the thoracic and lumbosacral
human spine. This was compared with a freehand technique.
IMUs house accelerometers and gyroscopes to measure accel-
eration and angular rotation. Among the many applications,
IMUs control and detect motion and orientation of tablet
computers and smartphones.

Material and Methods: The study was done on 9
human cadavers. A preoperative CT was performed to mea-
sure the axial and sagittal tilt angles of the pedicle screw
trajectories from T1 to S1. After defining the entry points on
the exposed spine, the IMU-equipped pedicle finder and
screwdriver were used to reproduce these tilt angles and
implant one half of the screws. The other half was implanted
with a freehand technique. Fluoroscopywas not used in any of
the procedures. In addition to adhering to anatomic land-
marks, the entry points of the last 216 screws of the study
were found by intraoperatively reproducing the distance
between the left and right pedicle with a divider. The screw
trajectories were analyzed and compared on postoperative
CTs.

Results: 162 screws were implanted with use of the
IMUs and 162 screws were implanted with a freehand tech-
nique. In relation to the preoperatively planned trajectories,
the IMU-guided technique performed significantly better than
the freehand technique (axial tilt p ¼ 0.000001, sagittal tilt
p ¼ 0.0000000003): With the IMU-guided technique, the
mean offsets between the planned and postoperatively mea-
sured tilt angles of the screws were for the axial plane 3.3°
�3.5° (median 2°, range 0° - 23°) and for the sagittal plane 3.4°
�3° (median 3°, range 0° - 13°). For the freehand techniques
the mean offsets between the planned and postoperatively
measured tilt angles of the screwswere for the axial plane 5.6°
�4.5° (median 5°, range 0° - 31°) and for the sagittal plane 6.7°
�5.4° (median 6°, range 0° - 33°). Evaluation of the overall
screw position showed that the IMU-guided technique in
combination with the divider scored significantly better
than the freehand technique plus divider (p ¼ 0.006).

Conclusion: Inertial measurement unit–based intra-
operative navigation may provide a more reliable implanta-
tion of pedicle screws in the thoracic and lumbosacral spine
than a freehand technique. Furthermore, adding a divider to
intraoperatively reproduce the interpedicular distance of a
given level may further improve this novel technique. Trans-
lating this rather low-cost technology from consumer elec-
tronics to a clinical spine scenario may assist implanting
thoracic and lumbar pedicle screws with minimal to no
fluoroscopic guidance, yet at no loss of precision.

GO272. Accuracy and Safety in Screw Placement in the High
Cervical Spines: Retrospective Analysis of O-arm® based
Navigation-assisted C1 lateral Mass and C2 Pedicle Screw
Kyeong-Sik Ryu1, Jung-Woo Hur1, Jin-Sung Kim1, Ji-Hoon Seong1
1Department of Neurosurgery, Seoul St. Mary's Hospital, The Catholic
University of Korea, Seoul, Republic of Korea

Introduction: High screw misplacement rates, various
pedicle morphometry and vertebral body size variations have
led to a search of image-guided systems to improve the
surgical accuracy of screw insertion in high cervical spine.
With the advances and improvement of computer-assisted
surgery (CAS) devices, image-guided screw insertion tech-
niquehas been applied to thefields of spine surgery. The use of
O-arm® has been proposed for more accurate and efficient
spinal instrumentation. The purpose of present study was to
evaluate accuracy, efficiency and safety of intra-operative O-
arm® based navigation system for the placement of C1 lateral
mass and C2 pedicle screws in high cervical spine operations.
To our knowledge, this is first report of O-arm® based
navigation-assisted screw placement in high cervical spine.

Material and Methods: Between June 2009 and August
2013, a total of 24 patients with atlantoaxial instability were
surgically treated using the image guidance system. To recon-
struct atlantoaxial instability, we have been using Harm’s
technique of C1 lateral mass and C2 pedicle screw fixations.
A frameless, stereotactic O-arm® based image-guidance sys-
tem was used for correct screw placement. Postoperative CT
scan with multi-planar reconstructions were used to deter-
mine the accuracy of the screw placement. Two independent
observers evaluated the CT images with detailed descriptions
of the accuracy of screw placement, number of misplaced
screws, grade and type of screw perforation. The accuracy of
screw placement was assessed using a grading system pro-
posed by Gertzbein and Robbins.

Results: A total of 91 screws, including 45 C1 lateral
mass and 46 C2 pedicle screws were inserted using image-
guidance system respectively. 3 C1 lateral mass and 2 C2
pedicles were excluded due to anatomic anomalies. In 5 cases,
perioperative reposition of screws was done due to wall
perforation detected with intraoperative O-arm scan imme-
diately after initial screw insertion. Accuracy of screw place-
ment was as follows: C1 lateral mass screws showed 39 grade
A (86.6%), six grade B (13.3%), two grade C (4.4%) and no grade
D or E. C2 pedicle screws showed 31 grade A (67.4%), 10 grade
B (21.8%), three grade C (6.5%), two grade D (4.3%) and no
grade E. Mean time required for inserting a screw was 4.8
minutes and mean time required for preparation of screw
placement was 4 minutes. Postoperative radiological evalua-
tions revealed that 3 (3.3%) screws inserted had perforated the
vertebral artery canal more than 25% (critical breach) and
iatorgenic VA stenosis was proved with postoperative CT
angiography. No patients underwent reoperation for screw
reposition.

Conclusion: In this study, the authors demonstrated
that image-guidance systems could be applied safely to the
atlantoaxial instabilities. However, incidence of screw perfo-
ration does not disappear completely due to the close prox-
imity to spinal canal and surrounding vessels. Therefore,
because of theses potential risk of injury to the vertebral
artery and neural elements, the use of image guidance system
seems to be beneficial, especially for high cervical instrumen-
tations which require much experience and steep learning
curves.
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GO273. Finite Element Analysis Based Lumbosacral Revision
Surgery Using an Individual Navigation Template
Peter Endre Eltes1, Aron Lazary1, Peter Pal Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: A revision surgery in case of a lumbosa-
cral non-union can be challenging especially if an implant
related failure (e.g., a broken S1 screw) is complicating the
clinical situation. Removal of the broken screw impairs the
local bony enviroment jeopardizing the outcome of the revi-
sion. In the S1 segment the convergent bicortical screw
trajectory provides a superior anchoring compared with any
other directories (e.g., sacral ala screw), but the proper inser-
tion of the new screws in a revision surgery can be impossible
with freehand or fluoroscopy-guided technique. In this paper,
we present a case suffering from a lumbosacral non-union
complicatedwith a broken sacral pedicle screwwhat has been
surgically managed by the application of a CT based 3D
reconstructionmethod combinedwith finite element analysis
(FEA) and computer assisted design (CAD).

Method: A step-by-step approach was developed and
performed to manage the clinical problem. (1) Quantitative
computed tomography (QCT) based patient-specific FE model
of the sacrum was created. (2) To plan the revision surgery
CAD model of the pedicle screw was inserted in the sacrum
model in a bicortical convergent and amonocortical divergent
position. (3) According to the two screw insertion scenarios
two static FEAs were performed using 500 N tensile load
applied to the screw head. (4) A template with the two screw
guiding structures designed to fit on the bone surface was
created for the sacrum using 3D design and photoactive 3D
printing technology. The final template was made by cobalt
chrome. (5) The revision screw has been implanted into the
biomechanically optimal position guided by the patient- and
condition-specific template. Postoperative CT scan was used
to evaluate the accuracy of the pedicle screw placement.

Results: Based on the FEA results the modified bicort-
ical convergent screw had better stability resulting in optimal
von Misses stress distribution and less displacement com-
pared with the monocortical divergent placement. Preopera-
tively the template was found to fit exactly on the printed
plastic sacrum model, and screw insertion simulation was
successfully performed. The design concept was proved to be
accurate based on the CT scan and virtual model comparison.
Intraoperatively the template also fitted on the bone surface
and screw insertion was completed successfully. Postopera-
tive CT scans confirmed that the inserted pedicle screw
reached the virtually planed position.

Conclusion: The intraoperative pedicle screw naviga-
tion provided by a patient specific screw-guiding template
allows the surgeon to insert the screw into its optimal position
considering the local bone material property and the chal-
lenging geometrical situation. This technology for the surgical
navigation can be widely accessible in the future through
dedicated knowledge providers. Its advantages compared
with the conventional surgical navigation techniques are
the relatively low cost, minimized intraoperative X-ray expo-
sure and the possibility for the consideration of the patient-
specific biomechanics. This new patient- and condition-spe-
cific approach can be widely used in revision spine surgeries
or in challenging primary cases after its further clinical
validations.

GO274. Surgical Technique for Cervical Pedicle Screw
Insertion using O-Arm
Nobuyuki Shimokawa1
1Department of Neurosurgery, Spine Center, Himeji, Japan

Introduction: Posterior cervical fixation using lateral
mass screw and cervical pedicle screw (CPS) is getting avail-
able for various disorders such as trauma and degenerative
disease and so on. The purpose is to report our detail surgical
technique for CPS insertion using O-Arm, about cannulated
CPS particularly.

Material and Methods: Consecutive one hundred
twenty patients underwent posterior cervical fixation using
CPSs since January 2007. Preoperatively we made further
evaluation of the each patient’s radiological condition includ-
ing collateral circulation using MRI and MR angiography and
CT angiography. We evaluated local instability with dynamic
cervical radiography at each. During making pilot hole of CPS,
usually we have felt resistant strong force which cervical back
muscles and subcutaneous tissues have produced. So if we
made short midline skin incision in particular, CPS underwent
through the bilateral another skin incision which we made at
the paramedian area. Using O-arm, CPSs were inserted slowly
and intermittently taking care not to produce axial rotation or
sagittal bending of the cervical spine, which related to the
screw malposition including VA injury. And recently we used
to use the cannulated screw.

Results: We inserted 668 CPS and classified their
position with Neo’s classification using postoperative CT
scan, grade 0 (635 screws, 95.0%), grade 1 (27 screws, 4.0%),
grade 2 (6 screws, 0.9%), grade 3 (0 screws). No neurovascular
complications associated with surgery were encountered.

Conclusion:We believe what is the most important for
safe CPS insertion is preoperative detail further evaluation
including the indication of CPS. We think our procedure and
techniques for CPS insertion are useful and safe.

GO275. Differences between Manufacturers of CT-based
Computer Assisted Surgery Systems Do Exist: A Systematic
Literature Review
Anas Nooh1, Joushua Lubov1, Ahmed Aoude1, Sultan
Aldebeyan1, Peter Jarzem1, Jean Ouellet1, Michael H. Weber1
1Department of Orthopaedics, McGill University, Montreal, Canada

Summary of Background Data: Several studies have
shown that the accuracy of pedicle screw placement signifi-
cantly improves with use of CT-based navigation systems. Yet,
there has been no systematic review directly comparing
accuracy of pedicle screw placement between different CT-
based navigation systems. The aim of this studywas to review
the results presented in the literature and compare CT-based
navigation systems relative to screw placement accuracy.

Methods: A systematic review of the literature was
preformed using CENTRAL, Medline, PubMed and Embase
databases. Studies included were randomized clinical trials,
case series, and case control reporting the accuracy of pedicle
screws placement using CT-based navigation. Two indepen-
dent reviewers extracted the data from the selected studies
that met our inclusion criteria. Papers were grouped based on
the CT-based navigation system used for pedicle screws
placement.

Results: 33 Papers met all of our inclusion criteria and
were included in thefinal analysis, which showed a significant
statistical difference (P < 0.0001) in accuracy of pedicle
screws placement between three different CT-based naviga-
tion systems. Themean (weighted) accuracy of pedicle screws
placement based on the CT-based navigation system was
found to be 96.8% � 3.8% in StealthStation, 96.07% � 3.8% in
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VectorVision and 97.7% � 1.7% in SurgiGate. Post hoc analysis
showed a significant statistical difference between Stealth-
Station vs VictorVision (p < 0.0001) and StealthStation vs
SurgiGate (p < 0.0001) as well.

Conclusion: This paper summarizes results presented
in the literature and compares screw placement accuracy
using different CT-based navigation systems. The differences
in accuracy demonstrated in this review should be considered
by spine surgeons, and need to be validated for effects on
patients’ outcome.

Level of Evidence: Level I.

GO276. The Comparison between O-Arm Navigation System
and C-Arm Fluoroscopy Navigation System for the Amount
of Radiation Exposure in Balloon Kyphoplasty
Yohei Maruo1, Yohei Maruo1
1Department of Orthopediac Surgery, Kansai Erectronic Power
Hospital, Osaka, Japan

Introduction: Recently,balloon kyphoplasty(BKP) is
widely used for osteoporptic vertebral fracture. In this
study,we compare the amount of the radiation exposure
between O-arm navigation system and C-arm fluoroscopy
navigation system in BKP.We consider further review for
the radiation exposure in BKP from here on.

Material and Methods: 63 patients with vertebral
fracture is recruited from Kansai Erectronic Power Hospital
betweenMarch 2011 and June 2014. In all cases,wemonitored
the amount of radiation exposure by each device.In 63
cases,10 is O-arm navigation system and 53 is C-arm fluoros-
copy navigation system.

Results: The average amount of the radiation exposure
is 35.994mGry (range 0.52–97.27) in O-arm and 17.284mGry
(range 2.69–86.6) in C-arm.The average radiation time is
35.227 second (range 1.9–57.71) in O-arm and 94.886 second
(range 25–319) in C-arm.

Conclusion: O-arm navigation system use is shorter in
radiation time and larger in radiation exposure than C-arm
fluoroscopy navigation system. However, the amount of the
radiation exposure per unit time in O-arm navigation system
is larger than in C-arm fluoroscopy navigation system. We
should consider the way to reduce the radiation exposure by
stepping down the output power in O-arm.

GO277. O-arm Imaging and Naviation Systems for
Transvertebral Anterior Cervical Foraminotomy
Daisuke Umebayashi1, Yu Yamamoto1, Yasuhiro Nakajima1,
Masahito Hara1
1Department of Neurosurgery, Inazawa Municipal Hospital, Inazawa,
Japan

Introduction: Anterior cervical discectomy and fusion
(ACDF) results in excellent initial clinical results for herniated
cervical disc and an osteophyte. On the other hand, the
development of adjacent segment disease after ACDF is well
recognized. However, most patients do not require total
discectomyand vertebral fusion becausemost radiculopathies
are caused by focal lesions of the intervertebral foramen.
Especially, in patients who have unilateral radiculopathy
with physiological alignment, we should avoid removal of
healthy discs. Transvertebral anterior cervical foraminotomy
(TVACF), nonfusion and nondiscectomy technique, can pre-
serve intervertebral disc and reduce adjacent intervertebral
degeneration compared with intervertebral fusion. Therefore,
we have reported the advantages and usefulness of TVACF.
However, TVACF requires skillfulness, especially for the ap-
propriate drilling direction control for the keyhole. Recently,

O-arm imaging and navigation systems were progressed. This
navigation systems help to make the correct direction of the
keyhole.

Material and Methods: We have performed TVACF
under O-arm imaging and naviation systems. The patient
was placed in the supine position. A lateral radiograph was
used to identify the skin incision level. A 3.5cm transverse skin
incision was made at half a level higher than the affected disc
level.We approached the anterior surface of the vertebra from
the affected side. After then, O-arm imaging and navigation
systems were applied. We determined the appropriate key-
hole position under the navigation. The lateral and caudal side
trajectory of the tunnelwas also decided under the navigation.
The tunnel was ~6 mm in diameter.

Results:Under O-arm imaging and navigation systems,
we were able to easily determine the appropriate keyhole
position and the lateral and caudal side trajectory of the
tunnel. Intraoperative findings and postoperative computed
tomography imaging showed the accuracy of keyhole
position.

Conclusion: Successful surgery is possible with using
O-arm imaging and navigation systems. This navigation facili-
tate TVACF. As a result, TVACF is able to be more widely used
among spinal surgeons in safe.

GO278. Pedicular Screw Placement Accuracy with O-Arm
Based Navigation in Patients with Scoliosis
Wiktor Urbanski1, Wojciech Jurasz2, Michal Wolanczyk3,
Szymon Dragan1
1Department of Orthopaedics and Traumatology, University Hospital
Wroclaw, Wroclaw, Poland
2Department of Spine Surgery, Oncologic Orthopaedics and
Traumatology, Poznan University of Medical Sciences, Poznan, Poland
3Department of Radiology, University Hospital Wroclaw, Wroclaw,
Poland

Introduction: Application of transpedicular screws to
obtain posterior spinal fusion in thoraco-lumbar spine has
become standard in spinal surgery. However technique of
screws insertion is demanding and not free of complications.
Positioning is particularly challenging in pediatric patients
with spinal deformity. Navigation systems based on intra-
operatively obtained 3D image seem to be very promising
solution to prevent or at least minimize screwmisplacements.
Although still lackof data confirming superiority of navigation
above other techniques. The study was designed to assess the
accuracy of transpedicular screws placement with O-arm and
navigation in patients who underwent surgery for idiopathic
scoliosis.

Material and Methods: 451 screws in 27 patients were
evaluated. All the screws were positioned by two surgeons
(WU, WJ) with aid of navigation (Stealth Station, Medtronic)
based on 3D image obtained during surgery (O-ARM, Med-
tronic). The accuracy was described separately for each screw
based on postoperatively obtained CT scans. The assessment
wasmade according towidely acceptedgrading system: grade
0 – no pedicle wall violation, grade 1 = < 2 mm perforation,
grade 2 – wall perforation with half of the diameter of the
screw outside of the pedicle (= < 4 mm), grade 3 complete
perforation of the pedicle (>5 mm). The comparison of
accuracy was made between adults (13 patients) and adoles-
cents (14 patients).

Results: In the study authors reported overall accuracy
of 96% correctly positioned pedicle screws (83% grade 0 and
13% grade 1). No grade 3 screws were reported. Statistical
analysis confirmed decreased accuracy in upper thoracic level
(82% of grade 0 and 1). No statistically significant differences
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in implant accuracy were observed between adults (96.2% of
grade 0 and 1) and adolescents (95.3% of grade 0 and 1).

Conclusion: The application of navigation system is a
safe method of pedicle screws introduction either in adults or
adolescents. However the technique does not eliminate mis-
placement. Significant misplacement rate is still observed in
upper thoracic spine.

Trauma Cervical 3

GO279. Intramedullary Lesion Length has a Negative Effect
on Neurological Recovery in Cervical Spinal Cord Injury
Patients with AIS Grades A-C
Bizhan Aarabi1, Charles Sansur1, David Ibrahimi1, David Hersh1,
Elizabeth Le1, Noori Akhtar-Danesh2, Cara Diaz3, Jennifer
Massetti4
1Department of Neurosurgery, University of Maryland Medical Center,
Baltimore, Maryland, United States
2Faculty of Health Sciences, McMaster University, Hamilton, Canada
3Division of Neurotrauma, Shock Trauma Center, Baltimore,
Maryland, United States
4

Q7Q7
Q7

Introduction: Experimental spinal cord injury and
clinical studies indicate a relationship between MRI lesion
length and outcome. In patients with AIS grades A-B, IMLL
expands at a rate of 900 µm/hour, culminating in an intra-
medullary lesion (IML) which measures ~50 mm at 3 days
post-injury.Weperformed a retrospective analysis tomeasure
the effect of IML length on long-term neurological recovery
and to determine the significance of intramedullary lesion
length (IMLL) in long-term AIS grade conversion in traumatic
cervical spine injury (TCSI).

Methods: Ninety-five adult patients who underwent
decompressive surgery for cervical TSCI were included. Post-
decompression IML length was measured and long-term AIS
grades were recorded. A regression analysis was performed.

Results: AIS grade was A in 51, B in 26, and C in 18
patients. Mean IML length on postoperative MRI imaging was
72.6 mm. AIS grade conversion was noted in 46 (48.4%)
patients. Conversion was noted in 27.5% of AIS grade A,
65.4% of AIS grade B and 83.3% of AIS grade C patients. Timing
of decompression (18.2 hours) had no effect on AIS grade
conversion, but conversion was significant in older patients,
those with higher ASIA motor score, lower injury severity
score, shorter IML length and better evidence of decompres-
sion on postoperative MRI. Regression analysis indicated a
significant relationship between AIS grade conversion and
IML length on postoperative MRI (OR 0.953, 95% CI=0.9313–
0.9761, p ¼ 0.001).

Conclusions: In AIS grades A-C cervical TSCI, post-
decompression rostrocaudal IML length was significant pre-
dictor of AIS grade conversion and neurological recovery. The
timing of decompression did not correlate with recovery of
function.

GO280. Neurological Recovery after Traumatic Cervical
Spinal Cord Injury is Superior if Surgical Decompression and
Instrumented Fusion are Performedwithin 8 hversus 8–24 h
after Injury: A Single Centre Experience
Marko Jug1, Nataša Kejžar2, Miloš Vesel1, Said Al Mawed1,
Marko Dobravec1, Simon Herman1, Fajko Bajrovic3
1Spine Unit, Department of Traumatology, University Medical Centre
Ljubljana, Ljubljana, Slovenia
2Institute for Biostatistics and Medical Informatics, Faculty of
Medicine, University of Ljubljana, Ljubljana, Slovenia
3Institute of Pathophysiology, Faculty of Medicine, University of
Ljubljana, Ljubljana, Slovenia

Introduction: Traumatic spinal cord injury (tSCI) is a
catastrophic eventwithenormouspersonal, social andeconomic
impact. Despite recent progress in understanding the patho-
physiology of acute tSCI and the positive effects of acute spinal
cord decompression on neurological recovery reported in stan-
dardized preclinical studies, neurological benefits of early surgi-
cal decompression (SD) remain elusive in the clinical setting.

Material and Methods: A prospective study was per-
formed to evaluate the impact of SD and instrumented fusion
within 8 hour versus 8–24 hour after injury on neurological
recovery after cervical tSCI in patients operated on in the UMC
Ljubljana, Slovenia. Only patients with the ASIA Impairment
Scale (AIS) grades of A through C and with MRI-confirmed
spinal cord compression were enrolled. The primary outcome
was the change in AIS grade at the six-month follow-up.

Results: Of the 48 enrolled patients, 22 patients who
underwent surgerywithin 8h (Group-8h) and 20 patientswho
underwent surgery between 8 and 24h (Group-8–24h) after
injury concluded the study. At admission, there was no sta-
tistically significant difference in AIS grade between the study
groups. At the six-month follow-up, an improvement of at least
two AIS grades was found in 45.5% of patients in Group-8h and
in 10% of patients in Group-8–24h (p ¼ 0.017). In a multivari-
ate analysis, adjusted for the preoperative AIS grade and the
degree of spinal canal compromise, the odds of an at least two-
grade AIS improvement were at least 106% higher for patients
in Group-8h than for patients in Group-8–24h (OR ¼ 11.08,
p ¼ 0.004). No statistically significant difference was found in
the rate of pneumonia, the number of ventilator-dependent
days or the mortality between the groups.

Conclusion: Our results suggest that the patients with
tSCI who undergo SD within 8h after injury have superior
neurological outcomes thanpatientswho undergo SD 8 to 24h
after injury, without any increase in the rate of adverse effects.

GO281. The Sympathetic Nervous System Mediates
Functional and Robust Respiratory Recovery Following
Acute Cervical Spinal Cord Injury
Basem Awad1
1Department of Neurosurgery, Mansoura University School of
Medicine, Mansoura, Egypt

Introduction: The organization of the respiratory net-
work has traditionally been described through descending
medullary tracks. The diaphragm is innervated by the phrenic
nucleus (C4-C6). However, the intercostal muscles are inner-
vated by the intercostal motor nucleus (T1-T11) located at the
thoracic spinal cord segments. Therefore, cervical spinal cord
injury (SCI) can typically cause respiratory motor system
dysfunction. From the literature, ventilation failure within
thehuman lower cervical SCI population typically occurs 4.5�
1.2 days after injury, affecting 26.6% of patients. Also, the risk
of apnea following low cervical SCI is increased during sleep.
However, while intercostal muscles contribute to respiratory
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recovery post injury the pathways mediating this effect have
never been fully elucidated.

Methods: Following complete C7 spinal cord transec-
tion in rats, we demonstrated the presence of intercostal-EMG
activity synchronized to the inspiratory bursts of the dia-
phragm. We explored the anatomical, and latent, pathway
that enables synchronized activation of the intercostal
muscles after complete cord transection. Experimental
work, in the form of bilateral dorsal/ventral rhizotomies,
unilateral transection of the phrenic nerve and sympathetic
chain ganglia and systemic application of salubutamol, sug-
gested that intercostal activities is mediated through the
sympathetic chain ganglion by means of connection to the
ipsilateral phrenic nerve.

Results: In anesitised and unventilated rats, rhythmic
inspiratory activity was present in the intercostal muscles
following acute C7 transection and bilateral dorsal/ventral
rhizotomies. This activity persisted up to five days following
the initial trauma. Unilateral transection of the phrenic nerve
and sympathetic chain ganglia eliminated ipsilateral intercos-
tal motor activity. Systemic application of salubutamol (β2-
agonist), not only increase intercostal activity but also re-
stored it in transected ratswhich had not retained this activity
following transection.

Conclusions: These data provide the first evidence of
sympathetic nerve activity mediating synchronized and ro-
bust intercostal inspiratory muscle activity following severe,
lower cervical transection. This activity occurs up to 5 days
following trauma, an effect which correlates with the induc-
tion of ventilation failure and respiratory dysfunction in
human patients with SCI. The clinical implications of this
finding are provocative. 60% of patients undergo some degree
of respiratory distress following acute C5–8 injuries. Using this
pathway, it may be possible to modestly stimulate or activate
sympathetic activity to further aid intercostal muscle activity
and respiratory function following acute SCI. This thus rep-
resents a novel target for the treatment of respiratory dys-
function following spinal trauma.

Fig. 1 Diagram illustrated the phrenic-intercostal neuronal
connections and circuits.

GO282. Early Decompression (<8h) versus Delayed Surgical
Management Improves Functional Outcome after Traumatic
Cervical Spinal Cord Injury
Lukas Grassner1, Christof Wutte1, Barbara Klein2, Orpheus
Mach3, Silvie Riesner3, Stefanie Panzer4, Matthias Vogel3,
Florian Högel3, Volker Bühren3, Martin Strowitzki5, Doris
Maier3, Jan Vastmans3

1Center for Spinal Cord Injuries and Department of Neurosurgery,
Murnau, Germany
2Institute of Molecular Regenerative Medicine, Paracelsus Medical
University, Salzburg, Austria
3Center for Spinal Cord Injuries, Trauma Center Murnau, Murnau,
Germany
4Department of Radiology, BG Trauma Center, Murnau, Germany
5Department of Neurosurgery, BG Trauma Center, Murnau, Germany

Introduction: Traumatic cervical spinal cord injury
affects the individual in a multi-faceted way. Early decom-
pressionof the spinal canal is recommended. The optimal time
point for this intervention has been under debate for decades.
This study compares a variety of neurologic, radiologic and
functional outcome parameters between patients after early
(<8 hour) versus delayed decompression.

Materials and Methods: We performed a retrospective
analysis at the Center for Spinal Cord Injuries (Trauma Center
Murnau, Germany), an over-regional level-I trauma center.
Follow-up data was collected prospectively for one year after
injury, according to institutional and international consensus
criteria.We includeddata acquiredover a10-year period (2004–
2014). We only analyzed patients over 18 years with traumatic
cervical spinal cord injury without concomitant extremity inju-
ry, traumatic brain injury or central cord injuries.

Results:We identified 70 patients (59males), whomet
in- and exclusion criteria. Out of this population, 35 patients
were decompressedwithin thefirst 8 hour (average: 4.36 hour
after the insult) (= early group). After one year, patients from
the early group showed a significantly higher gain in total
motor score (TMS) points and upper extremity motor score
(UEMS) points. Additionally, this patient cohort showed sig-
nificantly better grades on the American Spinal Injury Associ-
ation Impairment Scale (AIS) and a significantly higher AIS
conversion rate. Furthermore, they were more likely to expe-
rience a significant greater difference in the Spinal Cord
Independence Measure (SCIM) within the follow-up period.

Conclusion: This study shows that an early surgical
decompression not only leads to higher AIS conversion rates,
but – most importantly – also to a better functional outcome
(as indicated by the SCIM score).

GO283. New Surgical Attitude in Complete Acute Traumatic
Spinal Cord Injury
Stefan Mircea Iencean1, Andrei Stefan Iencean1
1Neurosurgery Department, University Emergency Hospital "N. Oblu",
Iasi, Romania

Introduction: Studies have shown the values pattern of
the phosphorylated form of the high-molecular-weight neu-
rofilament subunit (pNF-H) in CSF is a predictive biomarker
for acute traumatic spinal cord injury (SCI).

Materials and Methods: A previous study of pNF-H in
CSF of patients with SCI showed it is a specific biomarker for
SCI, it can distinguish the severity of SCI and it is a predictive
biomarker because of its values pattern can show the reducing
or stopping of the secondary lesion and a favorable result. At
22 subjects with acute traumatic SCI we correlated the pNF-H
concentration in CSF with the MRI, with the diffusion tensor
tractography on the SCI site andwith the clinical evolution. All
patients underwent surgery during thefirst 24 hours (decom-
pression, stabilization). In two cases with unfavorable pattern
of pNF-H after 4 and 7 days, MRI identified the SCI sitewith an
extensive spinal cord edema and a necrotic cavity. A second
microneurosurgery was done: opening the dura 5 levels,
duraplasty and opening the spinal cord in the midline and
debridement of the necrotic tissue .
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Results: Complete SCI cases had a specific pattern of
values of pNF-H correlated with the MRI and the clinical
evolution. A second microneurosurgery solved the cord ede-
ma and the spinal cord laceration. One case has improved
progressively after 6 months and the other case - no neuro-
logical improvement after one year of rehabilitation.

Conclusions:Patientsmust undergo surgery during the
first 24 hours: a large decompression on 5 – 7 levels with
duraplasty and stabilization. After these we can use the
predictive unfavorable pattern of pNF-H correlated with
MRI and a second microneurosurgery in SCI site must be
done: opening the spinal cord in the midline and microsurgi-
cal debridement of the necrotic tissue. This surgical attitude
can create favorable conditions for functional recovery of the
remaining spinal cord.

GO284. A Systematic Reviewof theMeasurement Properties
of Patient-Reported OutcomeMeasures in Spinal Cord Injury
Aidin Abedi1, Simin Seyedpour2, Lidwine B. Mokkink3, Farhad
Shokraneh4, Vafa Rahimi-Movaghar1
1Sina Trauma and Surgery Research Center, Tehran University of
Medical Sciences, Tehran, Islamic Republic of Iran
2Students' Scientific Research Center (SSRC), Tehran University of
Medical Sciences, Tehran, Islamic Republic of Iran
3Department of Epidemiology and Biostatistics, VU University Medical
Center, Amsterdam, The Netherlands
4Cochrane Schizophrenia Group, Institute of Mental Health, University
of Nottingham, Nottingham, United Kingdom

Introduction: Over the past decades, a large number of
patient-reported outcome measures (PROMs) have been de-
veloped for use in spinal cord injury (SCI) research and
practice, which evaluate the patient’s own perceptions and
opinions. However, little is known about the measurement
properties of the PROMs used in this population. The objec-
tives of this systematic reviewwere to appraise the methodo-
logical quality of the studies on reliability, validity,
responsiveness and interpretability of the patient-reported
SCI outcome measures and to evaluate and summarize the
quality of the measurement instruments.

Material and Methods: A systematic search of litera-
ture in EMBASE, MEDLINE, PsycINFO and CINAHL was per-
formed. Articles were included when they concerned the
development of PROMs or the evaluation of their measure-
ment properties in SCI population. Methodological quality of
the studies was evaluated using the four-point rating system
of the Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) checklist. The overall
quality of the measurement instruments was rated using a
pre-defined criteria. The selection process, data extraction
and quality assessment were performed by two independent
reviewers and disagreements were resolved by consensus. In
case of remaining controversy, a third reviewer made the final
decisions.

Results: A total of 9337 articles were screened for
eligibility. A wide variety of PROMs measuring different con-
structs, including quality of life, participation, physical activi-
ty, rehabilitation needs, pain, and spasticity were identified.
Reliability was the most frequently evaluated measurement
property. There was a paucity of literature addressing the
responsiveness, measurement error, content and cross-cul-
tural validity of the PROMs. The methodological quality of a
majority of the studies was fair to poor and small sample size
was a common drawback among the low quality studies.
There were many validity studies with indeterminate results
due to lack of pre-defined hypotheses.

Conclusion: There is an urgent need for high quality
studies on measurement properties of PROMs in SCI popula-

tion. Considering the importance of scientifically soundmeas-
urements, cautious use of the PROMs is advised until further
evidence is available.

GO285. Traumatic Spinal Cord Injury: the Impact of Timing. A
Prospective Cohort Study to Evaluate Outcomes after Early
Surgery (and Reasons for Delays)
Giuseppe Barbagallo1, Joost J. van Middendorp2, Denise Hess3,
Anahi Hurtado-Chong3, Allard J. Hosman2
1Department of Neurosurgery, Policlinico “G. Rodolico” University
Hospital, Catania, Italy
2Department of Orthopaedics, Radboud University Nijmegen Medical
Center, Nijmegen, The Netherlands
3AO Clinical Investigation and Documentation, Dübendorf,
Switzerland

Introduction: Traumatic spinal cord injury (tSCI) is a
devastating condition affecting mostly young adults.1 Unfor-
tunately, to date there are no standardized guidelines for
treating these patients in the early phase and initial manage-
ment can vary widely.2 Surgical decompression is considered
to be a valid approach, however conclusive data regarding the
best timing to perform it are still missing.3 The STASCIS trial
evaluated the effect of surgical decompression pre- or 24
hours post-injury,4 however some aspects of its design have
been criticized. The clinical study SCI-POEM aims to fill the
gap of missing evidence by comparing the effect of early (<12
hour after injury) versus delayed (12 hour to 14 days after
injury) surgical treatment.5

Material and Methods: This is a prospective, multicen-
ter, cohort study to test the superiority of early versus late
surgery measured by the American Spinal Injury Association
(ASIA) lower extremity motor score (ASIALEMS) pre-surgery
and after 1 year. Inclusion criteria: Patients > 18 years old
with tSCI, AIS grade A-D and indication of surgical manage-
ment by the treating physician. To detect 6 points of difference
in ASIALEMS with a power of 80%, a total of 300 patients are
planned to be recruited in 17 clinics in 12 European countries
within 3 years, assuming a 1:2 ratio of early vs delayed
surgeries. Secondary outcome measures include different
functional outcome scores and adverse events. Details about
work, injury, main reason associated with a delayed surgery
and steroid use are also collected.

Results: The study started recruitment in March 2013
and until August 2015, 137 eligible patients had been en-
rolled: 112 (81.8%) men and 25 (18.2%) woman with ages
ranging from 18 to 89. Mechanism of injury was low energy
trauma in 42 (30.7%) cases and high energy trauma in 95
(69.3%) cases. In 67 (48.9%) patients, traumatic lesion occurred
at a single level. One third of cases suffered a complete spinal
cord injury (ASIA A, postsurgery measurement). About 50% of
decompression surgeries were performed within 12 hour
after injury. Unwanted delays for tSCI treatment (as judged
by the local investigator) occurred in 36 (26.3%) cases, of
which 25 (69.5%) were caused by logistical issues (bed or
imaging availability, transfer, etc) and 11 (30.5%) were due to
medical reasons.

Conclusion: In our study, nearly two third of the cases
had an incomplete spinal cord lesion (ASIA B-D), which high-
lights the relevance of appropriate and timely treatment to
improve this situation. Strikingly, the actual rate of early vs
delayed surgery is better than the anticipated 1:2 ratio. Even
though 50% of the patients underwent early decompression,
there was a considerable number of unwanted delays in the
treatment of tSCI patients. The reasons for these delays are in
most cases due to circumstances beyond the physician's
control, such as time for transfer, availability of material
resources or the medical condition of the patient. This
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information is important for future resource planning and
suggests that improvements in material resources are needed
across Europe.
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GO286. Diagnostic Work-Up and Treatment of Traumatic
Spondylolisthesis of the Axis: Case Series and Literature
Review
Ratko Yurac1, Juan Jose Zamorano1, Manuel Valencia1,
Bartolome Marre1, Guillermo Izquierdo1, Juan Cristobal Illanes1
1Clinica Alemana de Santiago, Santiago, Chile

Introduction: Traumatic spondylolisthesis of the axis
represents a spectrum of injuries affecting the C2-C3 level,
secondary to bilateral fracture of the pars of C2 due to
extension and/or compression forces. The integrity of the
C2-C3 disc and the posterior longitudinal ligament are key
elements for segmental stability and should be thoroughly
assessed before deciding the treatment modality. The aim of
this study is to describe the diagnostic work-up and treatment
decision in a case series of patients with traumatic spondy-
lolisthesis of the axis.We also present a reviewof the available
literature about this type of injuries.

Material and Methods: We reviewed the medical re-
cords and images of patients with a traumatic spondylolis-
thesis of the axis treated in two centers between January 2008
and March 2015. Details regarding demographics, injury
mechanism, type of lesion (using the Levine & Edwards
classification) and treatment modality (surgical or non-surgi-
cal and its justification) were analyzed. We also performed a
literature review, focusing on the diagnosis and treatment of
these injuries.

Results:Case series including7patients (4males,mean
age at the time of the injury of 37.9 years [23–55]). Six patients
(85.7%) were injured in amotor vehicle accident and 28.6% (2/
7) presented other spine fractures. All of the patients were
neurologically intact. Five cases (71.4%) had a type I injury.
Magnetic resonance imagingwas obtained as part of the initial
assessment in 5 patients (71.4%), none of these patients were
considered to have a disrupted posterior longitudinal liga-
ment, while 2 (28.6%) presented hyper intensity at the C2-C3
disc on T2-weigthed images. Surgery was promptly indicated
only in one case (type III lesionwith a disrupted C2-C3 disc on

magnetic resonance imaging, in which an instrumented pos-
terior C2-C3 fusion was performed). The remaining 6 patients
(85.7%) were originally treated non-surgically with a hard
collar, but 2 of them (bothwith type I injuries) had surgeryone
week after the accident (one anterior and one posterior
instrumented C2-C3 fusion) due to progressive listhesis and
angulation at the C2-C3 level. No treatment-related compli-
cations were identified in both surgically and non-surgically
treated patients. The available literature emphasizes the
importance of the assessment of the C2-C3 disc and the
posterior longitudinal ligament via magnetic resonance im-
aging before deciding the treatment modality in these
patients.

Conclusion: Initial imaging work-up, particularly re-
garding the C2-C3 disc and posterior longitudinal ligament´s
integrity on magnetic resonance imaging, together with close
radiological follow-up are key elements to consider in the
treatment of traumatic spondylolisthesis of the axis.

GO287. Efficacy and Safety of Riluzole in Acute Spinal Cord
Injury (SCI). Rationale and Design of AOSpine Phase III Multi-
center Double Blinded Randomized Controlled Trial. (RISCIS)
Michael Fehlings1, Branko Kopjar2, Robert Grossman3
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Department of Health Services, University of Washington, Seattle,
Washington, United States
3The Methodist Hospital, Houston, Texas, United States

Introduction: There is convincing evidence from the
preclinical realm that the pharmacologic agent riluzole at-
tenuates certain aspects of the secondary injury cascade
leading to diminished neurological tissue destruction in ani-
mal SCI models. The safety and pharmacokinetic profile of
riluzole have been studied in a multicenter pilot study in 36
patients. Efficacy of riluzole in acute human SCI has not been
established

Material and Methods: This ongoing multi-center,
international double-blinded phase III RCT will enroll 351
patients with acute C4—C8 SCI and ASIA Impairment Grade A,
B or C randomized 1:1 to riluzole and placebo. Primary
outcome is the change in ASIA Motor Score (AMS) between
baseline and 180 days. Other outcomes include ASIA Upper
and Lower Extremity MS; ASIA Sensory Score; ASIA grade;
SCIM); SF-36v2; EQ-5D and GRASSP. Two-stage sequential
adaptive trial statistical design has 90% power to detect 9
points difference in the ASIA Motor Score at one-sided
α ¼ 0.025.

Results: A matched cohort analysis performed in the
Phase I study showed that riluzole treated cervical SCI patients
experienced an additional 15.5 points in AMS recovery at 90
days post injury. Although the phase I study was underpow-
ered to investigate efficacy the current phase III study is poised
to definitive address this question. Subject enrollment for this
trial began on October 1, 2013 in 11 international centers. To
date, 31 subjects have been enrolled. Average age of the
enrolled subjects is 49 years (SD 16.9); 83.9% males. ASIA at
arrival and Pre-Injury status, ASIA Grade A (45%), B (29%), C
(26%). GRASSP 54.1 (SD 12.8), SF35v2 PCS 52.6 (SD 9.0) SF36v2
MCS 55.6 (SD 12.8).

Conclusion: This is a Phase III study of riluzole in acute
SCI.
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GO288. Fulfillment of Patient Expectations Two Years after
Cervical Spine Surgery
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Girardi1
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Introduction: Patients have multiple expectations of
cervical spine surgery that encompass physical and psycho-
logicalwell-being. Assessment of fulfillment of expectations is
an important but infrequently studied outcome. The objective
of this study was to compare patients’ preoperatively cited
expectations with their postoperative ratings of fulfillment of
expectations.

Materials and Methods: A longitudinal cohort study
with 2 year follow-up at a tertiary spine center was conducted
of 133 patients before and 2 years after surgery.150 patients
preoperatively completed a valid surveymeasuring amount of
improvement expected from cervical surgery for 20 items
addressing symptoms, function, and mental well-being. Func-
tion was measured with the Neck Disability Index (NDI), and
psychosocial variables, including depressive symptoms, were
measured with valid scales. Two years after surgery patients
were asked howmuch improvement they actually received for
items listed in the survey. The proportion of fulfilled expect-
ations was calculated as the sum of improvement received
divided by the sum of improvement expected (0%= expect-
ations completely unfulfilled, 100%=expectations completely
fulfilled,>100%= expectations surpassed). Additional patient-
centered postoperative variables were the NDI and overall
satisfaction with the outcome of surgery.

Results: 149 patients were contacted 2.1 years post-
operatively (range 1.9–2.7 years). Of these 133 participated in
a postop interview and rated fulfillment of expectations
(mean age 54 years, 62% men, 67% had radiculopathy, 26%
had myelopathy, and 7% had other conditions). Mean propor-
tion of fulfilled expectations was 78% (range 0–216%). Greater
preoperative expectations were associated with lower pro-
portions of fulfilled expectations postoperatively (p=.001).
Having revision surgery also was associated with a lower
proportion of fulfilled expectations (58% versus 82%, p=.03).
Postoperative variables associated with lower proportions of
fulfilled expectations were less pre-to-postoperative im-
provement in NDI scores (51% versus 91%, p < .0001) and
more depressive symptoms (31% versus 88%, p < .0001).
Prolonged dysphagia after surgery (i.e., to more than 6
months) also was associated with a lower proportion of
fulfilled expectations (60% versus 80%). There were no differ-
ences based on age, sex, use of narcotics, or number of
vertebral levels involved. Although preoperative expectations
were higher in patients with radioculopathy versus myelopa-
thy, the percent of fulfilled expectations was similar (77%
versus 81%, p=.61). Overall 83% of patients were satisfied with
the results of surgery; the proportion of expectations fulfilled
was highly, but not completely, associated with satisfaction
(r=.61).

Conclusions: Fulfillment of expectations varied widely
two years after cervical spine surgery but most expectations
were fulfilled. Patientswith greater preoperative expectations
weremore likely to have lower proportions of fulfilled expect-
ations postoperatively. Both pre- and postoperative functional
and surgical variables were associated with fulfillment of
expectations. Fulfillment of expectations and satisfaction
were associated but remained distinct patient-centered
outcomes.

GO289. Does Improvement of Spine Alignment Lead to Relief
of Neck Pain Associated with Scoliosis at Adults?
Olga Lapaeva1, Dmitrii Ptashnikov1, Sergey Masevnin1, Dmitrii
Mikhaylov1, Nikita Zaborovskii1
1Vreden Russian Research Institute of Traumatology and Orthopedics,
St. Petersburg, Russian Federation

Introduction: Patients with scoliosis complain of neck
pain very often. MRI demonstrates an availability of disc
degenerative disease without the compression of the neural
structures. The purpose of research determines correlation
between the improvement of spine alignment and the relief of
neck pain.

Material and Methods: This retrospective study evalu-
ated 38 patients underwent the correction of the deformity
and multilevel fusion surgery and from 2005 to 2012 for the
treatment of AIS. There were 58% females. Mean age of 38
years (range 20–55). Mean follow-up of 3 years (2–5 years).
Long cassette standing anteroposterior and lateral radio-
graphs were performed on the preoperative, postoperative
and follow-up visits. In all cases we studied preoperative,
postoperative, and follow up sagittal plane alignment accord-
ing to Schwab sagittal modifiers and coronal plane to all the
patients. Degenerative disc disease of grade I-II was confirmed
by MRI (Pfirrmann classification). All our patients before
surgery treatment besides main complains inform about
neck pain. The patients were divided into two groups depend-
ing on changes of spine alignment after surgery. Was evaluat-
ed sagittal (Sagittal vertical axis), coronal balance (central
sacral vertical line). Visual Analog Scale (VAS) was used for
evaluating of the neck pain, all 38 patients rated neck pain
more than moderate (VAS > 5). Full correction of sagittal
balance (postoperative SVA: N) was achieved at thefirst group
for all 21 patients and 12 of them didn't achieved satisfactory
results of coronal balance (CSVL > 2 cm). There were 17
patients at the secondgroup. The correction of sagittal balance
for everyone at the 2ndgroupwasn’t complete (SVA: P, VP) and
11 patients got good correction of the coronal balance (CSVL
< 2 cm).

Results: One year after surgery 78% (n ¼ 7, p > 0,05)
from sagittal and coronal balanced patients of the second
group (n ¼ 9, p > 0.05) evaluated reduce of the neck pain
(VAS < 5). 9 of the 12 patients with coronal imbalance
reported worsening of neck pain (VAS > 8). All patients
from the second group also demonstrated remaining of
neck pain. But all patients with full correction of coronal
balance (n ¼ 11) got reduction of pain intensity, neck pain
was evaluated less then moderate (VAS < 5). In both groups
patients with coronal imbalance demonstrated worse results
about current of neck pain, despite the good result of sagittal
balance (p > 0.05). And patients with sagittal imbalance, but
balanced in a coronal plane got relief of pain. Follow-up
studying (2–5 years) demonstrated progression of degenera-
tive disk disease, confirmed using MRI (detection grade IV
degenerative changes of discs) followed by surgical treatment
of the cervical spine to some patients in both groups. In a first
group 14% (n ¼ 3, p > 0.05). In a second group 12% (n ¼ 2,
p > 0.05). There are slightly higher in the first group, but we
did not get significant difference between groups (p > 0.05).

Conclusion: Correction of coronal balance is very im-
portant for the surgery treatment of the adult patients with
scoliosis associated with degenerative disk disease of cervical
spine. A greater number of such cases are required for obtain
of the reliable results.
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GO290. Quality of Life and Functional Outcomes after
Surgical Decompression in Patients with Cervical
Ossification of the Posterior Longitudinal Ligament: Results
from the Prospective, Multicenter AOSpine International
Study on 479 Patients
Hiroaki Nakashima1, Lindsay Tetreault1, Narihito Nagoshi1, Aria
Nouri1, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada

Introduction: Degenerative cervical myelopathy
(DCM) is an umbrella term that includes cervical spondylotic
myelopathy, ossification of the posterior longitudinal liga-
ment (OPLL) and other forms of degenerative changes to the
spinal axis. The surgical management of OPLL can be techni-
cally challenging for spine surgeons andmay result in a higher
incidence of perioperative complications than surgery for
other forms of DCM. It is unclear whether surgery is equally
effective and safe in patientswithOPLL as it is in other forms of
DCM. This study aims to compare the impact of cervical
decompressive surgery on functional status and Quality of
Life (QOL) outcomes in patients with OPLL and those with
other forms of DCM.

Material and Methods: 479 surgical patients with
symptomatic DCM were prospectively enrolled in the CSM-
International study at global 16 sites. Patients' functional and
neurological status were evaluated using the modified Japa-
nese Orthopedic Assessment scale (mJOA) and the Nurick
score. QOL was assessed using patient-reported outcome
measures, including the Neck Disability Index (NDI) and the
Short- Form 36 (SF-36) Health Survey. Improvements in
functional status and QOL were assessed between baseline
and 1- and 2-year follow-ups, and relative gains were com-
pared between patients with and without OPLL. A sub-analy-
sis was conducted in patients with “severe” myelopathy (a
preoperative mJOA < 12) to determine whether surgical out-
comes differed between patients with severe OPLL and those
with other forms of severe DCM. Improvements in preopera-
tive functional status and QOL at 2-years follow-up were
compared between the two diagnosis groups, while control-
ling for relevant confounding variables.

Results: Of 479 patients, 135 (28.2%) exhibited evi-
dence of OPLL and 344 (71.8%) displayed other forms of
degenerative changes. There were no significant differences
in demographics, surgical approach, or baseline severity
scores between patients with OPLL and those with other
forms of DCM. Patients with OPLL achieved similar functional
outcomes at 1- and 2-years following surgerywhen compared
with patients with other forms of DCM. With respect to QOL,
the NDI and most subscales of the SF-36, there were no
differences between the two diagnosis groups. However, the
SF-36 Role Limitation Physical subscale (p ¼ 0.0091) at 1-year
and the SF-36 Social Functioning subscale at 1- and 2-years
(p ¼ 0.014, p ¼ 0.018) were significantly lower in OPLL pa-
tients. In patientswith severemyelopathy (preoperativemJOA
< 12), 49 (28.65%) presentedwithOPLL and 122 (71.35%)with
other forms of DCM. There were comparable improvements
between preoperative and 2-year postoperative scores across
all outcome measures (mJOA, Nurick, NDI, and SF-36) in
patients with severe myelopathy due to OPLL and other forms
of DCM. Finally, there was a significantly higher rate of
perioperative complications in the OPLL group (p ¼ 0.054).
This significant difference was mainly due to a higher inci-
dence of superficial infection (p ¼ 0.0067), new neck pain
(p ¼ 0.079) and dural tear (p ¼ 0.076) in the OPLL group.
However, rates of neurological complication did not signifi-
cantly differ (p ¼ 0.73).

Conclusion: Surgical decompression for the treatment
of OPLL results in significant improvements in functional

status and QOL, comparable to gains seen in other forms of
DCM.

GO291. Safety and Efficacy of Anterior Cervical Discectomy
and Fusion with Stand-alone Polyetheretherketone (PEEK)
Cages
Ehab Shiban1, Bernhard Meyer1, Jens Lehmberg1, Moritz Nies1,
Johann Kogler1
1Department of Neurosurgery, Technical University of Munich,
Munich, Germany

Aim: To evaluate long-term results after one- and two-
level anterior cervical discectomy and fusion (ACDF) with
stand-alone polyetheretherketone (PEEK) cages.

Methods: We performed a retrospective review of a
consecutive patient cohort with degenerative disc disease that
underwent ACDF with stand-alone PEEK cages between 2007
and 2013 with a minimum follow-up of 12 months. Radio-
graphic follow-up included static andflexion/extension radio-
graphs. Changes in the operated segmentsweremeasured and
compared with radiographs directly after surgery. Clinical
outcomewas evaluated by a physical examination, pain visual
analog scale (VAS) and health-related quality of life (HRQL)
using the EuroQOL questionnaire (EQ-5D).

Results:Of 667 consecutive cases, 554met all inclusion
criteria. Follow-up datawere obtained from 439 (79.2%) cases.
The mean age at presentation was 55 years and 237 patients
were male (54%). 220 and 219 patients had one- and two-
level surgeries, respectively; 220 (50%) presented with spon-
dylotic cervical myelopathy and 219 (50%) with cervical
radiculopathy. Fusion was achieved in 85.9% and 86.3% of
segments in one- and two-level surgeries, respectively. Cervi-
cal alignment was better in 37% and 40%, same 32% and 43%,
worse in 30% and 17% in one- and two- level surgeries,
respectively. Subsidence was observed in 27.7% and 26.5% of
segments in one- and two-level surgeries, respectively. Fol-
low-up operations for symptomatic adjacent disc disease and
implant failure at index level were needed in 34 (7.7%) and 22
(5%) cases, respectively. Mean VAS declined from 5.3 � 3.5 to
2.6 � 2.3 (p < 0.001) and 4.5 � 3.7 to 2 � 2.5 (p < 0.001) for
neck and arm pain, respectively. Health-related quality of life
(HRQL) as measured by the EuroQOL questionnaire (EQ-5D)
improved most cases.

Conclusions:One and two level ACDFwith stand-alone
PEEK cages achieved very high fusion rates and a low rate of
follow-up operations. The rate of good clinical outcome is
highly satisfactory.

GO292. Dysphagia Due to Ossification of the Cervical
Anterior Longitudinal Ligament. Report of Three Cases
Marcelo Valacco1, Felix Imposti1, Mariano Servidio1
1Staff of Orthopaedic Department, Spine Unit, Hospital Churruca
Visca, Buenos Aires, Argentina

Introduction: Symptomatic ossification of the anterior
longitudinal ligament is rarely pathology. Diffuse idiopathic
skeletal hyperostosis (DISH) is a common condition in the
aging spine. DISH, also called with the eponym Forestier’s
disease, is a clinical syndrome characterized by the abnormal
formation of osteopytes involving the spine. These are largely
asymptomatic, however are recognized as an unusual cause of
dysphagia, which may occur secondary to the mechanical
compression with partial obstruction or perioesophageal
inflammation caused by pharyngo- esophageal motion over
the osteophytes. Dysphagia is reported in up to 28% of
patients. Surgical treatment is advocated only after failure
of conservative therapies. Conversely, in absence of relevant
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clinical signs due to the presence of DISH, surgery is not
considered mandatory. However, surgical resection of the
osteophyte has been reported to be an effective treatment
for severe cases. Therefore, from 1995, we started to observe
long-term postoperative courses of DISH patients with recal-
citrant dysphagia who underwent surgical resection of osteo-
phytes. The purpose of this study was to examine these
surgical outcomes and literature review.

Material and Methods: Case 1. A 70-year-old man
referred to our clinic because of progressive dysphagia for
solids and liquids and cervical pain. A lateral cervical spinal X-
ray and cervicalMRI revealed giant cervical osteophytes at the
ventral portion of the C 2/3/4 vertebral bodies and contiguous
calcification of the anterolateral cervical vertebral bodies. Case
2. A 57-year-old man presented with a 1.5-year history of
increased difficulty swallowing. A plain lateral radiograph
revealed OALL ventral to the C3–5 vertebral bodies. Three-
dimensional computerized tomography studies further dem-
onstrated extensive C3–5 OALL. Case 3. A 75-year-old white
manwas seen at Hospitalwith themain complain of increased
difficulty in swallowing solid food over the past two years.
Routine cervical spine films revealed prodigious osteophytes
of the cervical spine involving the bodies of C-2, C-3, C-4, C-5
and C-6 consistent with DISH. A magnetic resonance imaging
(MRI) scan of the cervical spine revealed an elongated ossifi-
cation of the frontal planes of the vertebral bodies, with spurs
projecting into the soft tissues of the neck.

Results: The three patients underwent uneventful
operative excision of the anterior cervical osteophytes. Sur-
gery was performedwith an anterolateral approach. They had
marked improvement in swallowing function andwere able to
resume a normal diet after one to two months.

Conclusion: Diffuse idiopathic skeletal hyperostosis or
Forestier's disease is an uncommon etiology of progressive
dysphagia. This unrecognized condition may provide a new
challenge for spine surgeonswho are not as familiar withDISH
as rheumatologists. Surgical decompression through osteo-
phytectomy is effective for patients who fail conservative
treatment

GO293. Study of Functional Outcome of Anterior Cervical
Decompression and Fusion Using Tricortical Iliac Bone Graft
for Degenerative Cervical Spondylotic Myelopathy with
Modified Japanese Orthopedic Association Score
Ayush Sharma1, Vijay Singh1
1Department of Orthopaedic and Spine Services, Dr B R Ambedker
Central Railway Hospital, Mumbai, Maharashtra, India

Objective:Todetermine functional outcomeof anterior
cervical decompression and fusion using tricortical iliac bone
graft (ACDF) for degenerative cervical spondyloticmyelopathy
with modified Japanese orthopedic association score (MJOA).

Materials and Methods: 60 diagnosed cases of one and
two levels cervical myelopathy were prospectively analyzed
preoperatively and at 3 months, 6 months, 1 year usingMJOA.

Results: 46 patients underwent Single level ACDF with
C5-C6 the commonest level to be affected. The correlation
between Duration of Symptoms to Preoperative and postop-
erative MJOA was statistically significant. We noted statisti-
cally significant improvement in symptoms of axial neck pain,
radicular arm pain, clumsy hand, and gait disturbances post
operatively at one year. Statically significant difference was
noted while comparison MJOA of Pre-operative to 6 months
and 1 year, and 3 months to 6 months and 1 year. Statistically
significant difference in blood loss and anesthesia time for one
level fusion compared with two level fusions was also noted.
The fusion rate for single level ACDF was 95.65% compared
71.42% for two levels.

Conclusion: Functional outcomes in operated patients
at 1-year follow up are better if ACDF surgery is done early.
Symptoms of axial neck pain; radicular armpain, clumsy hand
and gait disturbances show significant improvement at one
year follow up.While bladder and bowel involvement showed
the least recovery. Significant improvement in function occurs
postoperatively between 3 and 6months, and then it plateaus
from 6months to 1 year. Fusion rates for single level ACDF are
better than two levels ACDF.

GO294. Role of Spinal DiffusionTensor Imaging in Predicting
Post-operative Outcome in Cervical Degenerative
Pathologies
Faiz Ahmad1, Rima Rindler1, Sheila Eshraghi1, Falgun Chokshi2,
Mahmud Mossa-Basha1, Bryan Buster1, Jason Chu1, Gustavo
Pradilla1
1Department of Neurological Surgery, Emory University, Atlanta,
Georgia, United States
2Department of Radiology and Imaging Sciences, Emory University
School of Medicine, Atlanta, Georgia, United States

Introduction: Predicting post-operative recovery after
surgery for cervical spondylotic myelopathy (CSM) is chal-
lenging. The authors performed a systematic review of the
literature evaluating the diagnostic ability of DTI in CSM, and
its ability to predict post-operative outcome.

Material and Methods: A systematic PubMED search
adherent to PRISMA guidelines included relevant clinical
studies reporting use of DTI in adult humans undergoing
operativemanagement for CSM from 1980 onwards. Available
data on pre-operative clinical status and imaging and post-
operative clinical outcomes were abstracted.

Results: Six of 562 studies were eligible for detailed
review. There were 112 patients with CSM and 45 healthy
controls. Seventy-three (59.8%) underwent operative man-
agement with mean follow-up time 90–730 days . Fractional
anisotropy (FA) was significantly lower in patients compared
with controls acrossmultiple studies, and correlatedwith pre-
operative assessment (modified Japanese Outcome Assess-
ment). FA and fiber tractography ratio (FTR) correlated with
post-operative clinical assessments, with FA independently
predicted surgical need and good outcome post-operatively.

Conclusion: DTI may be a valuable tool in identifying
patients in need of surgical decompression and predicting
post-operative outcome. Future prospective studies are re-
quired for choosing optimal DTI parameters, anatomic levels
and acquisition techniques.

GO295. Single-Level, Multi-Level (Two, Three and Four
Levels) and Hybrid Cervical Disc Arthroplasty: Age and Sex-
Weighted Linear Regression Analysis, Results from a Single
Centre
Mangattil Rajesh1, Shoaib Khan1, Shabtai Friesem1, Chandra
Bhatia1, Andrew Berg2, Guru Reddy2
1University Hospital of North Tees, Stockton-on-Tees, United Kingdom
2Spine Unit, University Hospital of North Tees, Stockton-on-Tees,
United Kingdom

Introduction: The clinical outcomes of single, multi-
level and Hybrid cervical disc arthroplasty are reported in the
literature. However, there is less detail on the outcome results
related to age and sex on these groups. We reviewed 405
patients who had single level, multi-level (two, three & four)
and Hybrid cervical disc arthroplasty at our center.

Methods: The study involved a retrospective review of
prospectively collected data on single level, multi-level (two,
three & four) and Hybrid cervical disc arthroplasty patients
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with an average age of 54.64 (range: 34–80). 405 patients
were followed up for 2 to 8 years based on clinical outcomes
scores. These included NDI (Neck Disability Index), Visual
Analogue score for Neck (VAS Neck), and Visual Analogue
score for Arm (VAS Arm). Scores were collected pre-opera-
tively and at each follow up at 3 months, 6 months, 1st and
yearly afterwards. Linear Regression Analysis was performed
to look at the impact of age and Two sample T-Test was used to
look at the difference between males and females.

Results: The study consisted of 215 females and 190
males. The duration of symptoms was on an average 60
months. The indication for surgery was radiculopathy and a
combination of radiculopathy and myelopathy. Linear Regres-
sion Analysis for NDI and age showed a Pearson correlation r of
0.002; P Value: 0.968; for sex difference - P value of 0.730
showed no statistically significant differences between male
and female groups. For VAS Neck, the Pearson correlation was
r ¼ 0.008; P Value: 0.873; for sex difference – P value of 0.178
showed no statistically significant differences between male
and female groups. For VAS Arm, the Pearson correlation was
r ¼ 0.064; P Value: 0.198; for sex difference – P value of 0.953
showed no statistically significant differences between male
and females.

Conclusion: Our results suggest that there is no corre-
lation between age of the patient and their NDI, VAS Neck and
VAS Arm scores for all groups of Cervical Disc Arthroplasty.
Similarly, there were no statistically significant differences in
the outcomes between males and females.

GO296. Successful Treatment of Severe Occipitocervical Pain
from C1-C2 Osteoarthritis Using a Modified Harms
Technique
Ara Deukmedjian1, Augusto Cianciabella1, Bharat Patel1, Arias
Deukmedjian1
1Spine Surgery, Deuk Spine Institute, Melbourne, Florida, United States

Introduction: C1-C2 fusion with instrumentation is an
established treatment for C1-C2 instability due to trauma or
inflammatory disease. C1-C2 fusion for debilitating occipito-
cervical pain secondary to C1-C2 osteoarthritis has been
reported in a small number of patients. Here we report the
successful treatment of three patients that underwent C1-C2
instrumented fusion using a modified Harm’s technique for
medically refractory occipitocervical pain.

Materials andMethods: Between August 2012 and July
2015, three consecutive patients with debilitating, unilateral
occipitocervical pain and radiographic C1–2 osteoarthritis,
underwent posterior instrumented C1-C2 arthrodesis using
bilateral polyaxial C1 lateral mass and C2 pedicle screw and
rod constructs (modified Harms technique). All three patients
failed preoperative conservative treatment including therapy,
medical management and interventional pain management
including facet joint injections. In all three patients, the source
of occipitocervical pain was confirmed preoperatively with
direct C1-C2 joint injection using 0.5ml of a mixture of 2%
lidocaine/0.5%Marcaine/10mg kenalog. All three patients had
immediate but temporary relief of their occipitocervical pain
from the diagnostic C1-C2 joint injection. Preoperative CT
scan confirmed the presence of C1-C2 osteoarthritis on the
symptomatic side. Outcome measures include pre and post-
operative VAS, patient reported resolution of pain, hospital
LOS, EBL and complications.

Results: Each of the three patients surgically treated
had complete resolution (100%) of their preoperative occipi-
tocervical pain beginning immediately after instrumented
posterior fusion of C1–2. Average VAS improved from 8.3
preoperatively to 0.0 postoperative for the cohort. Average
follow up is 33 months. Average age for the group at the time

of surgery was 75 years old and the M:F ratio is 1:2. Hospital
LOSwas 1 day for each patient. EBL was 45ml on average with
a range of 15ml - 75ml. There were no postoperative
complications.

Conclusions: Instrumented posterior C1-C2 fusion,
using a modified Harms technique, is a safe and effective
treatment for refractory occipitocervical pain secondary to
C1-C2 osteoarthritis. The source of pain should be confirmed
preoperatively with both CT scan and diagnostic joint
injection.

Deformity Thoracolumbar Adult 3

GO297. Reduced Rate of Proximal Junctional Fractures
Above Long-Segment Instrumented Constructs Utilizing a
Tapered Dose of Bone Cement for Prophylactic
Vertebroplasty, A Biomechanical Investigation
Joseph Zavatsky1, Anoli Shah2, Robert McGuire3, Hassan
Serhan4, Amey Kelkar2, Manoj Kodigudla2, Aakash Agarwal2,
David Briski5, Vijay Goel2
1Spine and Scoliosis Specialists, Tampa, Florida, United States
2Departments of Bioengineering and Orthopaedic Surgery Colleges of
Engineering and Medicine, Toledo, Ohio, United States
3University of Mississippi Medical Center, Jackson, Mississippi, United
States
4DePuy Spine, Raynham, Massachusetts, United States
5Department of Orthopaedic Surgery, Ochsner Medical Center, New
Orleans, Louisiana, United States

Introduction: PJK is a well-described post-operative
complication associated with long instrumented fusion con-
structs. The surgical creation of a stiff upper segment along
with patient osteoporosis has been suggested as etiologies.

Materials and Methods: Fifteen fresh-frozen ligamen-
tous T6 - pelvis specimens were divided equally into three
Groups: Group 1 - Bilateral pedicle screw and rod instrumen-
tation fromT10 to S1, no cement; Group 2 - Instrumentationþ
4cc of cement injected intoT10 (UIV) and 4cc intoT9 (UIVþ 1),
2cc of cement injected through each pedicle; & Group 3 -
Instrumentation þ 4cc of cement in T10 (UIV), 3cc total in T9
(UIV þ 1), and 2cc total in T8 (UIV þ 2). The pelvis and T6
vertebrawere potted. Eccentric axial compressionwas applied
10mm anterior to the center of T6 using an MTS actuator.
Maximum load to failure was measured in newtons (N). The
spines were evaluated using fluoroscopy and CT.

Results: There was a significant reduction in the
number of fractures in Group 3 versus Groups 2 and 1
(p ¼ 0.0019). There was only one fracture in Group 3, which
occurred at T8 (UIVþ 2); all five specimens suffered a fracture
in Group 2; and five in Group 1. Posterior ligamentous rupture
occurred in four specimens in Group 3; three in Group 2; and
only one in Group 1. The mean peak load-to-failure values
showed an increasing trend from Groups 1 to 3 (p ¼ 0.38).
There was no difference in specimen DEXA values (p ¼ 0.71).
Therewas no hardware failure in any Group. FEAmirrored the
cadaveric data and the maximum load to failure increased
from Group 1 to 3. Endplate stresses were reduced in Group 3
versus Groups 1 and 2.

Conclusions: In both cadaveric and FEA models, this
novel technique of tapering the dose of prophylactic verte-
broplasty cement in the UIV, UIV þ 1, UIV þ 2 decreased the
endplate stresses, increased the load required for failure, and
significantly reduced the incidence of VCFs above long-seg-
ment instrumented constructs. Clinically, this technique may
reduce the risk of PJK, PJF, and revision surgery.
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GO298. Impact of the Intraoperative Neurophysiologic
Monitoring in Idiopathic Scoliosis Surgery
Paulo Rech1, Raquel Lanna2, Cristiano Menezes3, Roberto
Sakamoto3, Anderson Dias3, Rogerio Vargas3
1Department of Spine Surgery, Hospital Marcio Cunha, Ipatinga, MG,
Brazil
2Department of Neurology, Hospital Lifecenter, Belo Horizonte, Brazil
3Department of Spine Surgery, Hospital Lifecenter, Belo Horizonte,
Brazil

Objective: The aim of this study is to analyze the use of
intraoperative neurophysiological monitoring (MNIO) in idi-
opathic scoliosis correction surgery.

Methods: Retrospective study of 80 patients undergo-
ing idiopathic scoliosis correction surgery between December
2008 and January 2015 using the MNIO. Among the patients,
85%were female (n ¼ 68) and15%males (n ¼ 12), the average
age on the day of surgery was 17 years and the prevalent type
of scoliosis curve classification was Lenke 1-A-N (37.5% /
n ¼ 30). We reviewed the significant changes in MNIO, dura-
tion of surgery, number of pedicle screws needed to correct
deformities, screw time, onset of neurological deficits, Coob
angle and effectiveness of MNIO.

Results: There were significant changes or loss of the
MNIO data in 15 patients (18.75%). Complete recovery after
intervention was seen in 12 patients (80%). Three patients
(20%) had some neurological deficit in the immediate post-
operative period. The mean duration of surgery was 320.76
minutes and were used on average 18.84 screws to correct
deformities, with an average time of 8.27 minutes for the
passage of each pedicle screw. The thoracic curves averaged
52.80 degrees and 47.40 degrees for lumbar curves.

Conclusion: Long constructions, osteotomies andmore
severe curves are related to most of the changes found in
evoked potentials. The joint use of somatosensory evoked
potentials andmotor allows a direct evaluation of sensory and
motor functions of the spinal cord and dramatically increased
the sensitivity and specificity in the detection of neurophysi-
ological changes, helping in decision making during surgery.
The interpretation in real time by neurophysiologist possible
interruption of operations by temporarily verge of nerve
injury with immediate change of the surgical strategy.

Keywords: column, idiopathic scoliosis, intraoperative
neurophysiological monitoring, deformity correction surgery,
thoracic/lumbar vertebrae

GO299. What Extent a Higher Implants Density Gives More
Correction? Correlation of Scoliosis Curve Correction with
the Type and Density of Implants
Rubio Pedro1, Bas Teresa1, Paloma Bas1, Silvia Perez1
1Spine Unit, Department of Orthopedic Surgery, Hospital La Fe,
Valencia, Spain

Introduction: Corrective Surgery for Adolescent Idio-
pathic Scoliosis (AIS) has evolved with the utilization of more
sophisticated implants and higher implants density looking
forward a better correction though a posterior approach. But,
is this correction myth or reality? Our objective is to analyze
the relationship between implant density and deformity
correction, comparing two different instrumentations.

Materials and Methods: A retrospective cohort study
was performed using patients from the database of our
institution between 2009–2012. Inclusion criteria were diag-
nosis of AIS, age between 12–18 year-old, surgeries performed
in our institution, complete radiological study and aminimum
follow-up of two years. No curve restriction was considered.
Analysis of radiology was done in three different moments for
each patient: pre-op, first control after surgery and one year

follow-up. Coronal and sagittal parameterswere considered to
evaluate deformity severity. Pre-op bending X-rays were
analyzed for flexibility measurement. Post-operatively they
were measured implant density for each group, fusion levels
and deformity correction for both coronal and sagittal planes.
Patients were classified following Lenke and divided in two
groups: all pedicle screws instrumentation (APS) and hybrid
instrumentation (HY). Statistical study was made using the T-
Student test to analyze differences between cohorts and
Pearson´s Test for correlating variables.

Results: They were collected in total 82 cases, 67 of
whichwere females. Themean agewas 16 year-old. The 61% of
total patients presented a Lenke type 1 curve. 35 patientswere
treatedwith APS instrumentation and 47 using a HY construc-
tion. Values for Cobb angle, flexibility and T5-T12 kyphosis
pre-op were homogeneous between both groups. Post-oper-
atively there were no significant statistical differences com-
paring fusion levels and percentage of coronal deformity
correction between the two groups. Nevertheless, they were
remarkable the 40% of implant density difference and the
higher loss of kyphosis in APS group as compared with HY.
Pearson´s test evidenced that, in general, the only variable,
which was statistically significant correlated with a higher
coronal deformity correction, was pre-op flexibility; not
implant density, fusion levels or type of instrumentation
used. Significant differences were found comparing loss of
thoracic kyphosis after surgery between groups, finding a
significant correlation which indicated that using pedicle
screws the higher implant density used, the bigger the loss
of kyphosis. Loss of kyphosis was not statistically significant
when correlated with percentage of coronal deformity correc-
tion. One-year follow-up X-ray did not show significant differ-
ences when values of Cobb angle and thoracic kyphosis were
analyzed among groups.

Conclusions: Both hybrid and all pedicle screws in-
strumentations achieve equal coronal deformity correction
operating on flexible curves, we do not obtain a bigger
deformity correctionwith a higher implant density all pedicle
screws instrumentation produce a higher loss of thoracic
kyphosis.

GO300. The Establishment of a Predictive Model for Major
Postoperative Complications in Spine Deformity Surgery
and Evaluation of Its Clinical Application
Yong Hai1, Hui Zhao1
1Department of Orthopedic Surgery, Beijing Chaoyang Hospital,
Capital Medical University, Beijing, China

Introduction: Spinal orthopedic surgery is a risky
method for the treatment of spinal deformity. Over the past
years, despite of the remarkable progress in the field of spinal
surgery, the major complications from spinal surgery still
occur. The aim of this study was to establish a predictive
model (The Chaoyang risk score) for major complications after
surgery to treat spine deformity disease and evaluate its effect
for clinical application.

Methods:Datawere collected retrospectively from245
consecutive patients who underwent surgery for spine defor-
mity disease. We defined the major postoperative complica-
tions as the occurrence of infection, nerve injury, organ
dysfunction, or death after surgery. The logistic coefficient,
and the additive score by odds ratio was used to calculate
logistic score. The Chaoyang risk scorewere applied to predict
Postoperative Complications. A C statistic (receiver operating
characteristic curve) was used to test discrimination of the
model. Calibration was assessed by Hosmer-Lemeshow good-
ness-of-fit statistic.
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Results: The result of logistic regression showed that
preoperative nerve injury, medical history of spine deformity
( > 10years), time of surgery(>5hours), Maximal voluntary
ventilation observed/predicted < 50%, intraoperative osteot-
omy were independent factors for the complications. The
simple logistic model of the Postoperative Complications
risk score showed very good discriminatory ability (C statis-
tic=0.866 > 0.75) and calibration (Hosmer-Lemeshow, p
¼ 0.978 > 0.05) in predicting Postoperative Complications.

Conclusion: The logistic algorithm of the Postoperative
Complications risk score is a simple, objective, convenient and
accurate scoring system which may be used to predict Com-
plications after surgery to treat scoliosis disease.

Keywords: spine deformity, predictive model,
complication

GO301. Prognostic Factors for Curve Progression in De-novo
Degenerative Lumbar Scoliosis: A Systematic Review on
Observational Studies
Sayf Faraj1, Roderick Holewijn1, Tsjitske Haanstra1, Marinus de
Kleuver1
1Department of Orthopaedics, VU University Medical Center,
Amsterdam, The Netherlands

Introduction: De-novo degenerative lumbar scoliosis
(DNDLS) causes an increasing burden on society in aging
populations, in particular reducing the overall quality of life
due to severe back and leg pain. DNDLS has been reported to
undergo unpredictable curve progression.1 To date, little is
known about progression in DNDLS and it is unclear what
factors play an important role in the process. Indications
whether a degenerative scoliotic spine will undergo curve
progression forms an ever-increasing challenge for health care
providers to determine the optimal timing for therapeutic
interventions. Existing reports on this continuously expand-
ing societal problem are inconsistent. Therefore, the aim of
this studywas to perform a systemic reviewof the literature to
identify prognostic factors for DNDLS curve progression.

Material and Methods: systematic searches were per-
formed in the bibliographic databases PubMed and EMBASE
prior to June 2015. The following inclusion criteria were
applied: (1) de novo degenerative lumbar scoliosis, (2) adult
scoliosis, (3) curve progression, (4) study population of N� 10,
and (5) studies published in the English language. Exclusion
criteria were: (1) animal studies, (2) biomechanical studies,
(3) prior juvenile, adolescent, associated congenital, develop-
mental, or neuromuscular spinal abnormalities, and (4) his-
tory of spinal surgery. Studies that met our inclusion criteria
were assessed for methodological quality by two authors (XX
andXX) based on: study population, follow-up time, exposure,
outcome, and statistical analysis.2 Data was extracted and
presented according to a best evidence synthesis which has
been adopted and modified from previous studies on prog-
nostic factors in knee and hip arthritis.3,4

Results: The literature search generated a total of 2696
references: 1323 in PubMed and 1373 in EMBASE. After
removing duplicates and articles that did not meet inclusion
criteria, 12 studies were included. Because a large heteroge-
neity was encountered in measurement methods, statistical
analyses, sample sizes, variations in definition of DNDLS and
curve progression, pooling was not possible. In total 33
determinantswere obtained andgrouped into two categories:
patient and radiographic characteristics. Strong evidence in-
dicates that intervertebral disc degeneration, lateral vertebral
translation �6mm, and an intercrest line through L5 are
associated with DNDLS curve progression. Further, moderate
evidence suggests that apical vertebral rotation grade II or III is
associated with curve progression. For the majority of deter-

minants, limited, conflicting, or inconclusive evidence was
found.

Conclusion: Strong evidence was found for several
radiographic prognostic factors for DNDLS curve progression.
A large variety in definitions of DNDLS and curve progression
remains, which made pooling impossible. Additionally, be-
cause the sample sizes in the included studies were often
small, these results may not be applicable to the individual
patient. Large patient registries have shown to provide rele-
vant information about the outcome after surgery for specific
patient categories. Similarly, untreated patients with DNDLS
should be included in similar registries or long-term prospec-
tive trials to be able to identify prognostic factors and to help
understand the pathophysiology of curve progression in
DNDLS. This is crucial to establish optimal follow-up strategies
and timing for therapeutic interventions for this ever-increas-
ing group of patients.
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GO302. Multiple Adjacent Level with Pott's Disease with
Sever Vertebral Sequestration (Case Presentation)
Almoataz Elsabrout1, Amer Elkott1
1Department of Ortopaedics, Assiut University Hospital, Assiut, Egypt

Pott's disease is a knowndisorder that affects the spine
causing various degree of disability for the patients that
ranges from mild to severe kyphosis with or without neuro-
logical deficits. In most cases single level is affected and in
fewer numbers two levels are affected. Rarely more than two
levels are affected. In this case we present a case of Pott's
disease affecting five adjacent segments with vertebral se-
questration. This is 43 years old female patient presented to
Assuit university hospital with history of repeated attacks of
back pain and mild fever since 4 years the patient received
empirical antibiotic after which she said that she partially
improved and after then the patient became accustomed to
repeat the antibiotic with no medical consultation. Later on
the pain became sever but no neurological manifestations
then she had X-ray and MRI with diagnosis of long segment
vertebral osteomyelitis affecting T7-T12. Posterior costotrans-
versectomy approach was done and the sequestrated verte-
bral bodies and intervening discs were excised and sent for
culture sensitivity and biopsy and mesh cage was applied to
bridge the defect and pedicle screws are inserted from T5 to
L2, and later on antituberculous regimenwas started after the
diagnosis was established. Postoperatively the neurological
status was intact and the pain improved; 6 month follow up
showedgood bonehealing. Stable cage and pedicle screws and
much improvement in the general status of the patient.
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GO303. An International Consensus on the Appropriate
Treatment for Adults with Spinal Deformity: An AOSpine
Knowledge Forum Deformity Study
Sigurd Berven1, Steve Kamper2, Niccole Germscheid3, Benny
Dahl4, Christopher Shaffrey5, Lawrence Lenke6, Stephen Lewis7,
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Introduction: Appropriate care for adults with spinal
deformity should be responsive to considerations of the
patient, care provider, and healthcare system. The healthcare
burdenof adult spinal deformity is increasing significantlyand
re-operation rates are high (up to 50%). The objective of this
studywas to identify goals of care andmanagement strategies
that are appropriate, reasonable, and inappropriate to guide
decision-making and patients' informed choice.

Material andMethods: The AOSpine Knowledge Forum
Deformity performed a modified Delphi survey of 53 experi-
enced spine deformity surgeons (panelists) from 24 countries.
Panelists rated appropriateness of procedures and manage-
ment strategies for multiple clinical scenarios. Strategies were
rated on a 9-point rating scale, collapsed into three categories:
‘inappropriate’ - expected negative consequences exceed the
expected health benefit; ‘reasonable’ -balance of risk and
benefit is unknown, but there is a reasonable chance of
positive benefit; and ‘appropriate’ -expected health benefit
exceeds the expected negative consequences by a wide mar-
gin. Therewere three anonymous web-based surveys and one
physical meeting. Consensus was defined as�70% agreement.

Results: Panelists ranked the most important goals of
surgery as; improvement of function, pain, and neural symp-
toms. Regarding preoperative evaluation, therewas consensus
that: it is appropriate to record severity and duration of
symptoms, previous spinal surgeries, comorbidities (94%),
and smoking status (87%) as part of the history; and perform
a physical examination including, neurologic examination
(96%), vascular status (77%), and hip ROM (92%). Pulmonary
and cardiovascular tests are appropriate for patients at risk. It
is appropriate to obtain full spine standing radiographs (89%)
and MRI for all indications, and BMD (DEXA) for patients with
risk factors for osteoporosis (�89%). Intraoperatively: it is
inappropriate to perform a decompression alone where there
is a progressive (72%) or large curve (70%) or sagittal imbal-
ance (75%).When long fusion is performed, it is appropriate to
instrument to the ilium in large curves, osteoporotic bone, and
sagittal imbalance; and inappropriate to fuse to L5 in case of

L5-S1 disc degeneration (88%). It is inappropriate to augment
the UIV (81%) or UIVþ1 (79%) with cement if there is no
osteoporosis. Long fusion is appropriatewhen there is sagittal
imbalance (85%) or large curves (87%),whenperformed; L5-S1
interbody support is appropriate (90%). There was no consen-
sus whether a unilateral decompression alone should be
performed in a stable sagittally balanced 30° curve. Grafting
with local bone is appropriate, as is neuromonitoring with
MEP and SSEP. Postoperatively: mechanical DVT prophylaxis
is appropriate for all patients and chemical prophylaxis for
high-risk. Return to sedentary work is appropriate within 3
months where < 5 segments are fused.

Conclusion: Management of adult spinal deformity is
characterized by significant variability. We have been able to
identify several pre-, intra- and post-operative management
strategies that constitute (in-) appropriate care based on the
consensus of experienced surgeons. Decision-making is driv-
en not only by features of the deformity (e.g., curve magni-
tude, sagittal imbalance), but also by patient characteristics (e.
g., osteoporosis, cardiac comorbidities, smoking) and some
factors may indicate that surgery is not appropriate.

GO304. Development of Validated Computer-Based
Preoperative Predictive Model for Proximal Junction Failure
(PJF) or Clinically Significant PJKwith 86%Accuracy based on
510 ASD Patients with 2-year Follow-up
Justin Scheer1, Justin Smith2, Frank Schwab3, Virginie Lafage3,
Robert Hart4, R. Shay Bess5, Breton Line6, Bassel Diebo5,
Themistocles Protopsaltis5, Amit Jain7, Tamir Ailon2, Douglas
Burton8, Eric Klineberg9, Christopher Ames10, International
Spine Study Group6
1University of California San Diego School of Medicine, La Jolla,
California, United States
2Department of Neurosurgery, University of Virginia Medical Center,
Charlottesville, Virginia, United States
3Department of Spine Research, Hospital for Special Surgery, New
York, New York, United States
4Department of Orthopedic Surgery, Oregon Health and Science
University, Portland, Oregon, United States
5Department of Orthopedics, NYU Langone Medical Center's Hospital
for Joint Diseases, New York, New York, United States
6International Spine Study Group, Brighton, Colorado, United States
7Department of Orthopedics, Johns Hopkins University Hospital,
Baltimore, Maryland, United States
8Department of Orthopedic Surgery, University of Kansas Medical
Center, Kansas City, Kansas, United States
9Department of Orthopedic Surgery, University of California, Davis,
Sacramento, California, United States
10Department of Neurosurgery, University of California, San Francisco,
California, United States

Introduction: Proximal Junction Failure (PJF) and Prox-
imal Junction Kyphosis (PJK) are significant complications. It
remains unclear what are the specific drivers behind the
development of either. This study attempts to develop a
preoperative predictive model to identify patients at risk to
develop PJF or PJK.

Material and Methods: Inclusion criteria: age �18,
adult spinal deformity (ASD), �4 levels fused. Variables in-
cluded in the model were: demographics, primary/revision,
use of 3-column osteotomy, UIV/LIV levels and anchor (screw,
hooks), number of levels fused, and baseline sagittal radio-
graphs (PT, PI, PI-LL, TK, and SVA). PJF was defined as requiring
revision for PJK and PJK was defined as an increase from
baseline of PJK > 20° andwith deterioration by at least 1 SRS-
Schwab sagittal modifier grade from 6wks postop. An ensem-
ble of decision trees were constructed using the C5.0 algo-
rithm with 5 different bootstrapped models, and internally
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validated via a 70:30 data split for training and testing.
Accuracy and the area under a receiver operator characteristic
curve (AUC) were calculated. Final model utilized 13 preoper-
ative variables.

Results: 510 patients were included, with 357 for
model training and 153 as testing targets (PJF: 37, PJK: 102).
The overall model accuracy was 86.3% with an AUC of 0.89
indicating a good model fit. The 6 strongest (importance
�0.95) predictors were (% target): age (>64yrs, 41.4%), PI-LL
(>48.7deg, 35.6%), UIV (T10-L3, 35.1%), SVA (>13.5cm, 32.5%),
LIV (sacroiliac, 31.6%), and UIV Type (screws, 29.8%). If a
patient met these criteria, they had a 66.7% chance of devel-
oping PJF or PJK with deterioration of sagittal alignment.

Conclusion: A successful model (86% accuracy, 0.89
AUC) was built predicting either PJF or clinically significant
PJK. Thismodel can set the groundwork for preoperative point
of care decision making, risk stratification, and need for
prophylactic strategies for patients undergoing ASD surgery.

GO305. Transpedicular Wedge Opening (TWO) Osteotomy
for Post-Traumatic Kyphosis (PTK): Own Technique and
Preliminary Results
Mohamed El-Meshtawy1
1Spine Unit, Department of Orthopedics, Assiut University, Assiut,
Egypt

Introduction: Management for symptomatic post-
traumatic kyphosis always has presented a challenge to
orthopedic surgeons. The management for post-traumatic
kyphosis remains controversial: Anterior, posterior, or com-
bined anterior and posterior procedures have been advocated
by different authors and show various degrees of success. All
of these techniques end in abnormal morphology of the
affected vertebra, so in this technique we try to restore the
normal sagittal balance by restoring the normal morphology
of the affected vertebra (natural kyphoplasty).

Material and Methods: Between May 2010 and Jun
2014 30 patients with symptomatic kyphotic deformity were
treatedwith TWOosteotomy. Twenty-two aremales and eight
are females. The mean age of patients was 37 years (range 18-
62 years). All patients had history of old traumawith time lag
till surgerical interferance was 10 months in average (3m-
12y.). They underwent TWO osteotomy of the wedged VB
bisegmental TPSF through posterior-alone approach The clin-
ical evaluation throughout the study entailed visual analogue
scale (VAS) and Oswestry disability index. The local kyphotic
angel (LKA), sagittal balance (SB) and sagittal index (SI) were
measured preoperatively, postoperatively and during the
follow up visits. Radiographic bony healing of the v-shaped
VB defect which left after the TWO osteotomy is confirmed by
MSCT.

Results: The mean follow up period was 26.5 months
(range12- 48 m.). TWO osteotomy was done for wedged VB
between D10 and L2. The mean operative time was 110
minutes (range 70- 180 minute.) and the mean intraoperative
blood loss was 625 cc (range 400- 1700 cc). The mean
preoperative LKA was 28.7° (range 20- 56°) that had been
improved to -2° (range 8°- (-10°)) postoperatively. Lordotic
correction of 30.8° (range 22–48°) was achieved with mini-
mum loss of correction (range 0- 8°) through the period of
follow up. The mean period required for radiographic bony
healing of the osteotomy was 7 months (range 3–15m.). The
VAS &ODI had been improved significantly (p.005) in compar-
ison to preoperative values. Excellent clinical and radiographic
outcomes were achieved in 92% of cases with no major
complications.

Conclusion: Spontaneous bony healing after TWO of
wedged VB occurs without doubt. This study evoked the

concept of “Natural Kyphoplasty” for treatment of certain
cases of PTK. Although it is a newly described technique, it was
proved to be safe and effective method for treatment of
symptomatic thoracolumbar PTK.

Degenerative Lumbar 5

GO306. Biomechanical Evaluation of the Use of PEEK versus
PMMA Intervertebral Spacers in Lumbar Stabilization: the
Influence of Bone Mineral Density and Vertebral Geometry
Tibor Csákány1, Márta Kurutz2, Péter Varga3, Péter Éltes1, Péter
Pál Varga1
1National Center for Spinal Disorders, Budapest, Hungary
2Budapest University of Technology and Economics, Budapest,
Hungary
3Julius Wolff Institute and Berlin-Brandenburg School for Regenerative
Therapies, Charité, Universitätsmedizin Berlin, Berlin, Germany

Introduction: Degenerative spinal changes are often
accompanied by osteoporosis in elderly patients. In these
cases traditional interbody devices can strongly subside into
the irregular deformed endplates and vertebrae during or
after the surgical stabilization. To avoid implant subsidence, a
new technique is developed where PMMA bone cement is
applied as a custom-made interbody device providing better
contact and more even load transfer along the vertebra-
implant interface. The aim of this study was to compare the
biomechanical properties of the two different spacer types. In
this presentation, we focus on the connection between the
bone mineral density and geometrical parameters of verte-
brae and the compression failure of the spinal segment.

Materials and Methods: 22 monosegmental human
cadaveric lumbar specimens were included in the analysis
(Group “C” - cement: N ¼ 12, Group “S” - spacer: N ¼ 10).
There were 8 steps to prepare the specimens: 1, isolation of a
human cadaveric lumbar segment; 2, parallel embedding of
cranial and caudal free endplates; 3, qCT scanning and vBMD
measurement before applying interbody device; 4, introduc-
ing either a D-shaped PEEK spacer (Sanatmetal) or a custom
made PMMA (Cemex) spacer as interbody device; 5, CT
scanning after applying interbody device; 6, performing uni-
axial compression tests (Instron 8872) and analyzing results
(failure load and displacement, stiffness, elastic limit load and
displacement); 7, CT scanning after the compression test; 8,
finite element model was built to analyze the failure process
using CT data.

Results: Comparison of initial geometrical data (verte-
bral cross sectional area, height, volume) and vBMD of “C” and
“S” groups showed no significant difference. Failure load was
similar in both groups. However, in the “S” group, there was a
significant correlation between vBMD and failure load
(R=0.73, p < 0.05), while such correlation was not observed
(R ¼ �0.04, p < 0.90) in the “C” group. The same association
was observed for vertebral cross sectional areas (“S”: R=0.78,
p < 0.01; “C”: R ¼ �0.47, p < 0.20), vertebral height (“S”:
R=0.94, p < 0.00; “C”: R ¼ �0.27, p < 0,50), volume (“S”:
R=0.85, p < 0.00; “C”: R ¼ �0.49,p < 0.20) and failure load.

Conclusion:Analysis ofmechanical test results showed
that application of a PMMA cement spacer yields a signifi-
cantly stiffer construct with smaller risk for subsidence com-
pared with a PEEK spacer. However, load, that caused
irreversible mechanical failure of the segments, were similar
in both groups. In case of the PEEK spacer, the failure load does
not depend on bone quality only, but on vertebral size
parameters as well. In case of the PMMA cement spacer,
such correlations were not observed. Finite element models
showed completely different load transfer and failure process
in the two groups. This difference is in line with our results
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above. In case of a relatively small vertebral size and poor bone
quality, a prefabricated PEEK intervertebral cage may be
associated with higher risk of mechanical failure then the
use of PMMA as an interbody device.

GO307. Interbody Fusion in Low Grade Lumbar
Spondylolsithesis: Clinical Outcome Do Not Correalte with
Slip Reduction and Neural Foraminal Dimension
Ujjwal K. Debnath1, Jeffrey R. McConnell2, Vivek Goel3
1Department of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain
2Spine Surgery, Leigh High Valley Hospital, Allentown, Pennsylvania,
United States
3Department of Trauam and Orthopaedics, Kingsmill Hospital,
Mansfield, United Kingdom

Introduction: There is no consensus in literature
whether a beneficial effect of reduction on outcome can be
expected following reduction and surgical fusion for low
grade lumbar spondylolisthesis. This prospective study was
designed to find a possible correlation between the clinical
outcome and extent of lumbar spondylolisthesis reduction.

Material and Methods: 52 patients (age 17–48 years)
with isthmic spondylolisthesis underwent interbody fusion
with cages with posterior instrumentation (TLIF or PLIF).
Clinical outcome was measured using Visual Analogue Scores
(VAS) and Oswestry Disability Index (ODI). Foraminal dimen-
sions and disc heights were measured in standard digital
radiographs. These were analyzed at baseline and at 1 year
after surgery and changes were compared. Radiographic
fusion judged with CT scans at 1 year.

Results: 90 percent of the patients in the study had
good or very good clinical results with fusion and instrumen-
tation. The baseline and at one year postoperative, the mean
VAS scores were 6.39 (range 5–8) and 0.81 (range 0–3)
respectively (p ¼ 0.004). The baseline and at one year post-
operative, themean ODI scores were 48 (range 34–58) and 9.8
(range 4–22) respectively (p < 0.001). A mean spondylolis-
thesis slip of 33.2% was reduced to 6.7% at 1 year. Average
anterior disc height, posterior disc height, C distance, F
diameter improved from 9.4mm to 11.7mm (p ¼ 0.005),
from 4.3mm to 5.8mm(p ¼ 0.004),from11.2mm to 12.0mm
(p ¼ 0.002), from 18.5mm to 19.4mm respectively
(p < 0.001).The fusion rate was 66% with PLIF and 75% with
TLIF. There is no significant correlation between the improve-
ments of ODI scores and the extent of slip reduction.

Conclusion: Neural decompression and interbody fu-
sion significantly improved pain and disability but the clinical
outcome does not correlate with radiological improvement in
neural foraminal dimension.

GO308. Transforaminal Lumbar Interbody Fusion or
Posterior Lumbar Interbody Fusion: Which is Better?
A Single-Centre Study
Feras Ashouri1, Shoaib Khan2, Chandra Bahtia3, Khaled Aneiba3
1Trauma andOrthopaedic Registrar, Spinal Unit, North Tees University
Hospital, Stockton-on-Tees, United Kingdom
2Research fellow, Spinal Unit, North Tees University Hospital,
Stockton-on-Tees, United Kingdom
3Consultant Spinal Surgeon, Spinal Unit, North Tees University
Hospital, Stockton-on-Tees, United Kingdom

Introduction: The first lumbar spinal fusion was intro-
duced over 70 years ago and techniques have been evolving
since then. Two popular techniques are Transforaminal Lum-
bar Interbody Fusion (TLIF) and Posterior Lumbar Interbody
Fusion (PLIF). However, it is still controversial which is better.

The aim of this study was to compare the clinical and
radiological outcomes of those techniques.

Material and Methods: We retrospectively reviewed
our spinal unit database to identify the patients who under-
went TLIF and PLIF over the last 1 year. A hundred and ten
patients were identified (54 TLIF, 56 PLIF). Demographics,
Visual analogue score for leg and back pain and SF36 scores
were analyzed preoperatively, at six weeks, six months and
twelve months postopertively. Two independent reviewers
assessed the X-rays for fusion at twelve months postopera-
tively using the Brantigan-Steffee classification.

Results: With regards to the clinical outcomes, TLIF
patients had significantly better outcomes at six weeks with
lower visual analogue scores (VAS) and better SF36 scores. The
difference between the two groups has significantly reduced
after one year. Both TLIF and PLIF patients had excellent
lumbar spine fusion on X-rays at one year with good interob-
server reliability (Kappa = 0.95)

Conclusion: Both TLIF and PLIF are excellent techniques
for lumbar spinal fusion. There are no significant differences in
the clinical and radiological outcomes between the two
techniques at one year.

GO309. The Quantitative Observation of Interbody Fusion
with Local Autogenous Bone Harvested from Single
Interlaminar Fenestration in PLIF
Qing Wang1, Yong Yang2
1The first Affiliated Hospital of Sichuan Medical University, Luzhou,
China
2Lhaore, Pakistan

Introduction: Local autogenous bone (LABORATORY)
harvested from interlaminar fenestration or total facetectomy
has been widely applied in interbody fusion of lumbar disc
degenerative diseases (DDD) with satisfactory clinical results .
However, there was lack of weight and volume observation of
LABORATORY harvested from single interlaminar fenestration
(SIF) . The aim of this study was to quantitative observe the
interbody fusion feasibility with LABORATORY harvested
from SIF in PLIF.

Materials and Methods: 107 patients were undergone
PLIF only by LABORATORYþone cage at L4/5 and/or L5S1 due
to DDD. The weight and volume of LABORATORY from SIF
were measured by analytical balance and 5ml disposal sterile
syringe. The height of cages used intraoperative were re-
corded. The area of endplate (Se) and the contact area (Sc)
between the cartilaginous endplate and LABORATORY þcage
at every intervertebral space was measured and calculated by
PACS of CT workstation. The clinical results and fusion status
were estimated by JOA score and 3D-CT at 12, 18 and 24
months postoperative.

Results: 113 segments of 107 patients were success-
fully fused only by LABORATORY harvested from SIF. The
weight and volume of LABORATORY from SIF showed no
significant differences at different ages, genders, segments
and type of DDD, and the same result exists about Se and the
height of interbody space in L4/5 or L5S1 segments. The mean
volume andweight of LABORATORYwere 3.1ml and3.7 g from
SIF. The packing ratio (PR) of LABORATORYþone cage was
38.1%.The volume and weight to reach 30% PR needed ~2.5ml
and 3.0 g LABORATORY. 94 cases (98 segments) were followed
up for average 24 months postoperative. The improvement
rate of JOA score was 82.5%, and the fusion rate was 92.9%.

Conclusion: SIF can provide enough LABORATORY for
one interbody fusion in PLIF. The average volume and weight
of LABORATORY from SIF were 3.1ml and 3.7 g respectively.
38% PR, including one cage, is achievable at fusion segment in
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present study. 2.5 ml (3.0 g) LABORATORYþone cage can
perform ~30% PR.

GO310. Comparison of NPY Y1 Receptors in the Spines of
Ovariectomized and Ovary Intact Rats
Robert McGuire1, Michelle Tucci2, Hamed Benghuzzi3
1Department of Orthopedic Surgery, University of Mississippi Medical
Center, Jackson, Mississippi, United States
2Department ofAnesthesiology, University of Mississippi Medical
Center, Jackson, Mississippi, United States
3Diagnostic and Clinical Health Science, University of Mississippi
Medical Center, Jackson, Mississippi, United States

Introduction:Neuropeptide Y (NPY) is a 36-amino acid
neuropeptide that acts as a neurotransmitter in the brain and
in the autonomic nervous systemof humans. In the autonomic
system it is produced mainly by neurons of the sympathetic
nervous system and serves as a strong vasoconstrictor. Re-
cently, NPY has been shown to increase during stress and in
patients with chronic back pain. NPY has the potential to
innervate 5 subtypes of receptors Y1-Y5. The Y1 receptor has
been shown to play a role in cell survival and contribute to
pain hypersensitivity. In addition, Y1 receptors are also
thought to contribute to bone loss leading to disc degenera-
tion in osteoporosis. The goal of our study was identify the
location of the Y1 receptor in the disc of osteoporotic animals
and to compare those to ovary intact control.

Methods: Eight OVX animals and eight ovary intact
control animals were followed weekly for 8 weeks. Four
animals in each group were sacrificed at 4 and 8 weeks and
blood and spines were harvested. Spines were decalcified and
processed for histological analysis. Routine hematoxylin and
eosin staining along with immunhistochemical analysis of the
spine Y1 receptors.

Results: The results showed the intervertebral discs in
the control group appeared normal. The nucleus pulposus
contained abundant notochordal cells, surrounded by large
zones of extracellularmatrix, and the cartilage endplateswere
hyaline cartilage composed of chondrocytes. In the OVX
animals, the discs showed degenerative changes, where the
nucleus pulposus appeared reduced in size and comprised
relatively few, chondrocyte-like cells. Mucoid degeneration
could also be seen. An increased number of small chondro-
cytes appeared in the inner layer of the annulus. Bony tissues
that contained bone marrow, hematopoietic lineage cells and
mineralized bone, became more obvious in the deep zone of
middle cartilage endplate. Immunohistochemical analysis for
Y1 receptors showed positive staining in the outer annulus in
the control with defined staining of chondrocyte cells. Y1
receptor staining was diminished in the OVX animals. Higher
levels of circulating NPY was found in the plasma of OVX
animals and may contribute to internalization of the Y1
receptor as a compensatory mechanism.

Conclusions: Y1 receptors are located in the outer
portion of the annulus of rats. The portion of cellular staining
differed between the OVX and intact ovary control animals.
More experiments are needed to clarify the role of NPY in the
normal and osteoporotic spine.

GO311. Early Adjacent Segment Degeneration after Short
Lumbar Fusion
Sergei Masevnin1, Dmitry Ptashnikov1, DmitryMichaylov1, Oleg
Smekalenkov1, Nikita Zaborovskii1, Olga Lapaeva1
1Department of Spine, Vreden Russian Research Institute of
Traumatology and Orthopedics, St. Petersburg, Russian Federation

Introduction: Today in a review of the world literature
there is no consensus about the main risk factor for the
symptomatic adjacent segment disease, as well as the terms
and conditions of its occurrence. Furthermore there are more
and more questions about the reasons for the early develop-
ment of ASD in the event of a short fixation, which according
to some authors, should be associated with the wrong tactics
of treatment and regarded as a complication of surgery.

Material and Methods: This study evaluated 146 pa-
tients who underwent one level 360° fusion lumbar surgery
from 2005 to 2012 for the treatment degenerative conditions
of the lumbar spine. It should also be noted, that patients with
L5-S1 fusion were excluded from the study due to the pecu-
liarities of the biomechanics of the segment. So we compare 2
groups according to the presence and extent of initial degen-
erative changes in the adjacent upper segment. These groups
were similar of major risk factors for ASD, such as obesity, age,
smoking, menopause, global balance disturbance. Patients in
both groups had no significant differences in sex and age
composition, the level of quality of life and daily physical
activity. First group include 86 patients with no pre-existing
or 1 to 3 stage degenerative changes by Pfirrmann modified,
second group include 60 patients with initial adjacent disk
degenerative changes of stage 4 and above according Pfirr-
mann modified classification. The average follow-up period
was 42.2 months (range, 28–112 months).

Results: In the I group symptomatic ASD was found in
14 (16,3%) cases and ASD average development time was 35
(8–56) months. In the II group during the follow-up period 24
(40%) patients had ASD with average development time 21,5
(3–46) months. Symptomatic adjacent segment pathology
was significantly more frequent in the II group (p < 0.05).
The timing analysis of the symptomatic ASD showed statisti-
cally significant data on the earlier development of this
disease in the second group (p < 0.05).

Conclusion: Patients with pre-existing degenerative
changes in adjacent levels above stage 3 by Pfirrmann must
be assigned to a high risk group for early ASD development
even in the short lumbar fusion.

GO312. Long-term Results of Implant Related Complications
after Lumbar Fusion Using a Non-rigid Transpedicular
Pedicle Screw-Rod System
Andras Bank1, Peter Paul Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: Transpedicular fixation is associated
with the risk of hardware failure, such as screw/rod breakage
and/or loosening at the screw-rod interface and difficulties in
the system assembly, which remains a significant clinical
problem. Removal or revision of the spinal implants is often
required. This is a retrospective radiological study of the
single- and two-level lumbar stabilization procedures (TLIF,
PLIF or PLF) performed from January 2002 to December 2012
using a non-rigid transpedicular implant system. The purpose
of this study was to retrospectively analyze the radiological
outcome of 1280 patients focusing on implant related
complications.

Material and Methods: 1280 patients were included
into the study. The female/male ratio was 56%/44%, the mean
age was 59 years (18–88), the mean FU time was 32 months.
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Indications for surgery were DDD, FBS and spondylolisthesis
(DDD: 77%, FBS: 18%, spondylolisthesis: 5%). There were 727
single-level stabilizations and 553 two-level stabilizations in
this cohort. The radiological status of the implants was
assessed on lateral and AP X-rays and available CT scans by
independent radiologists. We investigated the occurence of
screw breakage, screw loosening and element rod breakage,
rod slipping and movement.

Results: In the single-level group 8 screw breakage
(1.1%), 27 screw loosening (3.7%), 9 element rod breakage
(1.2%) and 47 element rod slippage or movement (6.5%) were
detected. In the two-level group 9 screw breakage (1.6%), 30
screw loosening (5.4%), 14 element rod breakage (2.5%) and 37
element rod slippage or movement (6.7%) were present.

Conclusion: Comparing the result of this retrospective
radiological study with the available literature data, we can
state that the rate of implant related failures in case of the
nonrigid transpedicular system is lower than in the previously
published studies. Low implant complicationn rate can be
associated with the effect of the non-rigid stabilization on
bony remodelling at the surroundings of the transpedicular
screws. The influence of non-union rate and sagittal align-
ment on the outcome needs further evaluations.

GO313. The Outcome of Using Closed SuctionWound Drains
in Patients Undergoing Lumbar Spine Surgery: a Systematic
Review
Feras Waly1,2, Mohammad Alzahrani1,3, Fahad H.
Abduljabbar1,4, Tara Landry1, Jean Ouellet1, Kathryn Moran5,
Joseph R. Dettori5
1McGill Scoliosis and Spine Centre, McGill University Health Centre,
Montreal, Canada
2Department of Orthopedic Surgery, University of Tabuk, Tabuk,
Saudi Arabia
3Department of Orthopedic Surgery, University of Dammam, Al-
Dammam, Saudi Arabia
4Department of Orthopedic Surgery, King Abdulaziz University,
Jeddah, Saudi Arabia
5Spectrum Research, Inc., Tacoma, Washington, United States

Introduction:Wound suction drains have been used to
decrease the rate of post-operative hematoma formation and
thus wound infections for many years throughout all surgical
subspecialties. In spine surgery, controversy is profound as on
one side it decreases the rare but devastating complication of
post-operative epidural hematoma, while it may have a
hypothetical increase in the risk of infection. In the spine
literature the incidence of epidural hematoma in the post-
procedural period ranges from 0.2–2.9%, while post-operative
wound infection is in the 0.7–16%, thus identifying a method
that can decrease the incidence of these complications would
be of uttermost benefit. To help address this debate, we
conducted a systematic review discussing the use of these
drains and to extensively explore the efficacy and safety of
closed suction wound drainage in spine surgery in the post-
operative period.

Materials and Methods: Electronic databases and ref-
erence lists of key articles were searched up through January
22nd 2015 to identify studies comparing the use of closed
suction wound drains with no drains in spine surgery for
lumbar degenerative conditions. Outcomes assessed included
the cumulative incidence of epidural hematoma, superficial
and deep wound infection and postoperative blood transfu-
sion. The overall strength of evidence across studieswas based
on precepts outlined by the Grades of Recommendation
Assessment, Development and Evaluation (GRADE) Working
Group.

Results: Five heterogeneous studies, three randomized
controlled trials (RCT) and two cohort studies, form the
evidence basis for this report. There was no difference in
the incidence of hematoma, superficial wound infection, or
deep infection in patients with or without closed suction
wound drains after lumbar surgery. The upper bounds of the
95% confidence interval for hematoma ranged from 1.1 to
16.7%; for superficial infection, 1.0 to 7.3%; and for deep
infection, 1.0 to 7.1%. One observational study reported a
3.5-fold increase in the risk of blood transfusion in patients
with a drain. The overall strength of evidence for these
findings is considered LOW or INSUFFICIENT.

Conclusions: Conclusions from this systematic review
are limited by the quality of included studies that assessed the
use of closed suction wound drains in lumbar spine surgeries
for degenerative conditions. We believe that spine surgeons
should not routinely rely on use of closed suction wound
drains in lumbar spine surgery until higher level of evidence
becomes available to support its use.

GO314. Reoperation Rates Following Single-Level
Discectomy
Patrick Heindel1, Alexader Tuchman2, Patrick Hsieh2, Martin
Pham2, Neil Patel1, Andre Jakoi1, John Liu2, Zorica Buser1, Jeffrey
C. Wang1
1Department of Orthopaedic Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States
2Department of Neurological Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States

Introduction: Lumbar discectomy is the most com-
monly performed procedure for treatment of radiculopathy
due to lumbar disc herniation. Randomized trials have dem-
onstrated the advantage of surgical removal of herniated disc
material over non-surgical treatment options, allowing for a
more rapid reduction in symptoms and return of function.
Many small-size studies suggest that long-term outcomes for
patients treated with discectomy and non-operative manage-
ment are similar. Additionally, treatment of recurrent lumbar
disc herniation is not standardized. Population-level data
regarding reoperation following single level hemilaminotomy
and discectomy is limited.

Material and Methods: Data was collected and ana-
lyzed for 13,654 patients undergoing single-level lumbar
discectomy between January 2007 and December 2010 using
the commercially available PearlDiver software (PearlDiver,
Inc., Fort Wayne, IN, USA). The nationwide Humana private
insurance database was queried for patients billed with the
Current Procedural Terminology (CPT) code for our index
procedure, hemilaminotomy and removal of disc material
(CPT-63030). Patients receiving concurrent lumbar surgeries
were excluded from the index group. The index group was
then followed in retrospective cohorts for 3months, 6months,
1 year, 2 years, and 4 years for recurrent lumbar surgery,
including spinal fusion, laminectomy, and additional
discectomy.

Results: Patients received additional lumbar surgeries
following single-level discectomy at a rate of 3.95% (539/
13654) within 3 months and 12.2% (766/6274) within 4 years
of the index procedure. Lumbar spinal fusion was performed
on 5.90% (370/6274) of patientswithin 4 years, with interbody
fusion in 75.4% (279/370) of cases and multi-level fusion in
47.0% (174/370) of cases. Reoperation for re-exploration dis-
cectomy at the same level as the index procedure with no
subsequent surgeries occurred in 2.71% (170/6274) of patients
followed out to 4 years. Patientswho received a re-exploration
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discectomy at the same intervertebral level within 2 years of
the index procedurewent on to receive lumbar fusion at a rate
of 38.4% (48/125) within the 4 years following the re-explo-
ration discectomy.

Conclusion: Data in our study demonstrated a reoper-
ation rate of 12.2% after single level discectomy, a routinely
performed procedure for the treatment of symptomatic lum-
bar disk herniation. Moreover, we show that the rate of
progression to lumbar fusion after a re-exploration discec-
tomy was 38.4% within 4 years of reoperation. These data
should help surgeons in their operative decision-making and
counseling recommendations to patients. To our knowledge,
this is the largest population study delineating reoperation
rates across the US after single-level lumbar discectomy.
Further studies are needed regarding the best treatment
algorithm in patients with re-herniation or iatrogenic insta-
bility following lumbar discectomy.

Minimally Invasive Spine Surgery 2

GO315. Postoperative Complications in Patients Undergoing
Minimally Invasive Sacroiliac Fusion
Kyle Schoell1, Zorica Buser1, Andre Jakoi1, Martin Pham2, Neil
Patel1, John Liu2, Patrick Hsieh2, Jeffrey C. Wang1
1Department of Orthopaedic Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States
2Department of Neurological Surgery, Keck School of Medicine,
University of Southern California, Los Angeles, California, United
States

Introduction: Minimally invasive sacroiliac (SI) fusion
has become increasingly popular as a treatment for non-
traumatic sacroiliac joint pain in recent years. This has created
significant need for reliable data addressing risks associated
with the procedure. Initial investigations have focused pri-
marily on efficacy and patient satisfaction with small sample
size. Furthermore, the majority of past studies have been
primarily single center or case series investigations and as
such their findings were limited to their sample populations.
The aim of this study was to analyze complications associated
with minimally invasive SI fusion using a largemedical record
database that more closely and accurately models the Ameri-
can population as a whole.

Material and Methods: Patients undergoing minimally
invasive SI fusion from2007–2014were selected from records
of the nationwide private insurance provider Humana. Using
the Pearl Diver patient records database (Pearl Diver Technol-
ogies, West Conshohocken, PA, USA), patient data on age,
procedure date, and medical diagnoses before and after the
procedure was acquired. ICD-9 diagnosis codes (International
Classification of Diseases 9th edition) were used to reveal
incidence of post-operative complications including infection,
pain, osteomyelitis, joint derangement, uterine tract infection
(UTI), and nerve pathology. Cases of pre-existing conditions
were excluded from the analysis. The data was also examined
for incidence of patients with diagnoses of new lumbar
pathology following the procedure. Patients undergoing SI
fusion for surgical revision, neoplasia, or pelvic ring trauma
were excluded from the study.

Results:Data from469 patients (305 female; 164male)
showed a substantial increase in the number of minimally
invasive sacroiliac fusion procedures performed from 2007–
2014 [p < .05]. Among these patients, an overall complication
rate of 13.2% was seen at 90 days and 16.4% at 6 months post-
op. Rates of individual complicationswere as follow. Infection:
30 days ¼ 3.0%, 90 days ¼ 3.6%, 6 months ¼ 4.1%. Pain: 90
days ¼ 2.6%, 6 months ¼ 4.1%. UTI: 90 days ¼ 3.8%, 6 months

¼ 4.9%. Nerve pathology: 90 days ¼ 4.3%, 6 months ¼ 6.2%.
Incidence of novel lumbar pathologywas 3.6% at 90 days post-
op and 5.3% at 6 months. Males experienced diagnoses of
novel lumbar pathologyat higher rates than females at both 90
days (M=6.7%; F�3.3%) and 6 months (M=9.1%; F�3.3%)
[p < .01].

Conclusion: The results of this study show that mini-
mally invasive SI joint fusion may carry higher risks of
complications than previously stated, including a possible
associationwith the development of lumbar pathology. These
finding are critical for physicians and patients considering
minimally invasive SI fusion as a treatment for chronic SI joint
pain, and should be taken under careful consideration when
deciding if surgical treatment is warranted.

GO316. Lumbar Spinal Stenosis Associated with
Degenerative Lumbar Spondylolisthesis: A Systematic
Review and Meta-analysis of Secondary Fusion Rates
Following Open vs. Minimally Invasive Decompression
Karsten Schöller1, Marjan Alimi1, Guang-Ting Cong1, Paul
Christos1, Rodrigo Navarro-Ramirez1, Roger Härtl1
1Brain and Spine Center, Department of Neurological Surgery, Weill
Cornell Medical College, New York-Presbyterian Hospital, New York,
New York, United States

Introduction Decompression surgery plus instru-
mented fusion is the gold standard in patients with lumbar
spinal stenosis (LSS) associated with degenerative spondylo-
listhesis (DS) when conservative treatment has failed. Open
laminectomy (OL) alone is an option in patients with stable
low-grade DS, but progressive instability contributes to sig-
nificant secondary fusion rates and compromises patient
outcome. A minimally invasive unilateral laminotomy (MIL)
for “over the top” decompression is a potentially less desta-
bilizing alternative. The aim of our systematic review and
meta-analysis was to analyze secondary fusion rates after
open laminectomy and minimally invasive laminotomy in
patients with LSS associated with DS.

Material and Methods: We performed a systematic
literature search in the National Center for Biotechnology
Information Database (Pubmed/MEDLINE) using the key-
words “lumbar spondylolisthesis” and “decompression sur-
gery.” All studies that separately reported the outcome of
patients with LSS associated with DS that were treated by
decompression surgery only were included. The accepted
decompression techniques were 1.) open laminectomy and
2.) microsurgical transmuscular or subperiosteal unilateral
laminotomy with “over the top” decompression. The primary
end point was secondary fusion rate. Secondary end points
were total reoperation, complications, postoperative progres-
sion of listhetic slip, and patient satisfaction.

Results: We identified 37 studies with a total number
of 1156 patients that were published between 1983 and 2015.
19 studies reported the outcome after OL, and 18 after MIL.
There were two randomized controlled trials, 8 prospective,
and 24 retrospective cohort studies or case series. In two trials
the study design was unclear. None of the trials compared OL
toMIL. The pooled secondary fusion rateswere 12.8% in theOL
cohort, and 3.3% in the MIL cohort; the pooled total reopera-
tion rates were 16.3% after OL, and 5.8% after MIL. The
complication rate ranged from 0–5.4% in the OL cohort, and
from 0–8.1% in the MIL cohort. Surgery-related deaths, major
permanent complications, or medical complications were not
reported by the studies. In the OL cohort 72% of the studies
displayed a slip progression compared with 0% in the MIL
cohort, respectively. After OL the pooled analysis of satisfac-
tory outcome was 62.7% compared with 76% after MIL.
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Conclusion: In patients with LSS associated with DS a
minimally invasive laminotomy is associated with lower
reoperation and fusion rates, less slip progression and greater
patient satisfaction than open surgery. Better quality studies
are needed to corroborate these results. These results also
indicate that routine fusion may not be necessary in all
patients with LSS and DS.

GO317. Short Percutaneous Posterior Instrumentation: a
Reliable Option in the Treatment of Thoraco-lumbar post-
traumatic Spinal Fracture
Giuseppina Caruso1, Francesco Turiano1, Martino Tramacere1,
Mauro Campello2
1Reggio di Calabria, Italy
2Neurosurgical Unit, “Bianchi-Melacrino-Morelli” Hospital, Reggio di
Calabria, Italy

Introduction: There are several options to treat insta-
ble thoraco-lumbar spinal fractures without spinal cord in-
volvement. A short percutaneous posterior instrumentation
[SPPI] (i.e., involving only one level up and one level below the
lesioned level) is a fast choice, safer than other more invasive
options at the cost of an apparent less efficacy in restoring
proper alignment or in the ability to maintain good results in
the long term. Aim of our present contribution is to report the
incidence of worsening during time of spinal alignment
features in patients treated with SPPI.

Material and Methods: Between September 2010 and
August 2015, among 230 consecutive operations for instable
post-traumatic thoraco-lumbar spinal fractures, we per-
formed 47 SPPI and 130 other percutaneous instrumentations
(4 levels or more). Fractures were defined according to the AO
classification; vertebral body index [VBI], vertebral body angle
[VBA] and Cobb's angle [CA] were measured before, immedi-
ately after operation (i.e., in the first two post-op days) at 1
month- and at 12month-follow-up. All datawere drawn from
multi-slice high-definition CT-scans. Local ethical committee
approved the study design. Resultswere also stratified accord-
ing to the class of fracture andnumber of blocked levels (3, 4 or
more).

Results: In the SPPI-caseswe found preop the following
mean values: VBI 0,67, VBA -16,5, CA -9,5; at 12 months
follow-up (26 patients out of 35) mean values were: VBI 0,84,
VBA -14,8 and CA -5,4 with changes statistically non signifi-
cant between immediate post-op and 1 year follow-up.

Conclusion: In our hands SPPI proved to be an effective
therapeutic option. No significant kyphotic worsening was
observed during the first year post-op. Parallel sections of the
present study and prolongement of the observational time
will allow us to compare SPPI with longer posterior instru-
mentations in non spinal cord-lesioned thoraco-lumbar frac-
tured patients.

GO318. How to Minimize Complications Of Classic
Decompression and Fusion in Lumbar Spinal Stenosis: is a
Complemental Interspinous Fusion an Alternative?
Moszko Slawomir1
1Department of Neurosurgery, Spine Surgery and Interventional
Neuroradiology, Donau-Isar-Klinikum, Deggendorf, Germany

Introduction: Lumbar spinal stenosis (LSS) is the most
common reason for back surgery in patients over 50 years. LSS
decompression may cause an instability or deteriorate it. A
classic fusion with pedicle screws enhances the hazard of the
surgery in geriatric patients. The goal of the study was to find
out, if the additional interspinous fusion (partly combined

with interbody fusion) with a rigid intespinous device can
minimize the risk of classic procedure.

Material and Methods: 94 patients (44 men and 46
women) in age of 49- 88 years (mean 69) underwent LSS
decompression with interspinous fusion, some of them addi-
tionally with intervertebral cages. Interspinous rigid fusion
device were used to provide fusion. Demographic data, in-
dications, operated levels, results in terms of approval of ODI,
VAS back and legs, walking distance and satisfaction were
analyzed. Blood loss, OP-, fluoroscopy time and complications
were registered. Fusion was determined by CT performed at
least 6 months post OP and X- rays.

Results: 78 patients (83%) were operated with stand
alone interspinous fusion device and 16 (17%) received addi-
tionally an intervertebralcCage. The follow- up was 6 to 36
months (mean 20). Indications: LSSwith instability 41, LSS 28,
LSSwith disc herniation 19, deformity 3 and adjacent segment
disease 3. The Op time ranged from 35 to 209 minutes (mean
82). The blood loss was between 10 to 450 ml (mean100ml).
The fluoroscopy time reached from 2 to 18 seconds (mean 6).
Mean values for ODI and VAS are presented in
Table 1.

2 years post OP the improvement of ODI was 54%. VAS
back 50% and VES legs 72% respectively. The walking distance
increased at least at 50% in 86 patients (91,5%). Concerning the
satisfaction 90 patients (96%)would undergo the surgery once
more, 4 of them (4%) not. Following complications were
observed: cage subsidence (3), cage dislocation (1), epidural
hematoma (2), wound infection (1), deep infection (1), dural
tears (7), seroma (4). It means all in all 19 adverse events
(20%). Only in 10 patients (11%) they had a consequence with
revision surgery. Radiological criteria of the fusion had 59% of
the patients with 6months follow up, in 94% patients with 12,
98% with 24 and 100% with 36.

Conclusion: The results of the study show, that the LSS
decompression can be supplemented using an interspineous
rigid device to provide a fusion without significant extending
the Op time. More extended surgeries with pedicle screw
fixation can be avoided and thus the complication rate
reduced. 11% of complications, which require a repeat surgery
are acceptable in population of aged patients with comorbid-
ities. The advantage is the less invasive technique with less
blood loss and only 0,1 minutes fluoroscopy time. We found
no real liminations in decision making for the surgery. There
were 22 drop outs.

GO319. Morphometric Measurement of the Lumbosacral
Spine for Minimally-Invasive Cortical Bone Trajectory
Implant Using Computed-Tomography
Hua Zhang1
1Department of Orthopaedic Surgery, the Second Affiliated Hospital,
School of Medicine, Zhejiang University, Hangzhou, China

Introduction: The cortical bone trajectory (CBT) is a
novel lumbar pedicle screw trajectory. There is a dearth of
literature on CBT screw insertion techniques. The aim of this
study was to conduct a detailed morphometric measurement

pre
OP

3
months

6
months

12
months

24
months

ODI 54 32 20 24 24

VAS back 5,8 2,0 2,1 2,9 2,9

VAS legs 7.9 1,9 3,2 2,3 2,2
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of the lumbosacral spine for CBT pedicle screw starting point,
trajectory, length and diameter, using the inferior facet of the
cephalad level as a bony landmark.

Methods: The 3-dimensional reconstruction computed
tomography (CT) scans of 86 adults who underwent exami-
nation of the lumbosacral spine were studied. The junction of
the inferior and medial border of the smallest coronal section
of the lumbar pedicle was traced in lumbar segments while
the junction of the medial border of the sacral 1 (S1) pedicle
and the inferior border of the L5 inferior facet was traced in S1
segments. The starting point was defined to be the projective
point on the vertebral plate by this junction. The distances
from the starting point to the inferior, lateral and medial
border of the inferior facet of the cephalad level, and the
inferior border of the transverse process were measured. The
trajectory of pedicle screws for the lumbar and S1 segments
was determined in the axial and sagittal planes. The angle
formed between this trajectory and a line from the vertebral
midline was defined as the transverse angle (TA). The angle
formed between this trajectory and a line from superior
margin of the vertebral body was defined as the cephalad
angle 1 (CA1). Cephalad angle 2 (CA2)was defined as the angle
formed between the same trajectory on the sagittal plane and
a line from the posterior margin of the pars interarticularis.
The maximum pedicle screw diameter, as well as the maxi-
mum pedicle screw length of the lumbosacral segments was
measured on axial and sagittal CT scans, respectively.

Results: The distances from the inferior border of
inferior facet to the starting point from L1 to S1 were 8.9,
6.3, 4.1, 2.9, 1.4 and 0mm, respectively. The distances from the
medial border of the inferior facet to the starting point from L1
to S1were between 3 to 4mm. The percentages of the distance
from the starting point to the medial border of the inferior
facet from L1 to S1 were 80.5, 70.1, 61.6, 48.6, 40.8 and 29.3%,
respectively. TA from L1 to S1 were 9.0, 9.6, 11.3, 13.5, 15.5,
and 8.2 degrees, respectively. CA1/CA2 from L1 to S1 were
26.7/38.7, 26.0/38.7, 26.9/38.0, 24.4/37.2, 22.9/35.1 and 18.4/
47.8 degrees, respectively. The maximum diameters of the
trajectory from L1 to S1 were 4.8, 5.1, 6.1, 6.8, 7.8, and 6.1mm,
respectively. Twenty-five mm was a safe border as the maxi-
mum length of the pedicle screw from L1 to S1.

Conclusions: The inferior facet of the cephalad level is
an attractivebony landmark for establishing a starting point of
CBT for minimally-invasive spine surgery.

Keywords: cortical bone trajectory, pedicle, lumbosa-
cral spine, facet

GO320. Comparison between Minimally Invasive Versus
Open TLIF in Treatment of Spondylolisthesis
Hisham Shaker1, Ahmed Taha1, Wael Aboyamn1, Taher
Hesham1, Sherif El Besy1, Mohammed Khattab2
1Agouza Spine Surgery Center of Military Forces, Cairo, Egypt
2Department of Orthopedic Surgery, Ain Shams University, Cairo,
Egypt

Introduction: Fusion has gained popularity for surgical
treatment of adult spondylolisthesis in patients with chronic
persistent pain. Several fusion methods have been reported
for adult isthmic and degenerative spondylolisthesis via vari-
ous techniques including minimally invasive and traditional
open surgery. However, the choice of lumbar fusion technique
must be individualized based on the clinical needs of each
patient, the surgical outcomes for each procedure based on
published literature, and the individual skills and the sur-
geon's preference. Much has been reported about the advan-
tages of each approach. The present study was undertaken to
evaluate retrospectively the results obtained in patients un-
dergoing mini-TLIF compared with open TLIF, with a goal of

helping in the selection of treatment options. We present the
clinical and operative results obtained during the postopera-
tive period.

Objective: To evaluate the results ofminimally invasive
versus open TLIF in adult lytic and degenerative spondylolis-
thesis .

Methods: Between November 2012 and August 2015,
85 consecutive patients underwent minimally invasive trans-
foraminal lumbar interbody fusion (mini-TLIF) (group I) and
49 consecutive patients underwent open TLIF(group II) at
Agouza Spine Surgery Center Of Military Forces, Cairo, Egypt.
The mean follow-up periods were 18.2 and 20.4 months,
respectively.

Results: The mean age was 51,16þ12.76 in mini-TLIF
AND 50,67þ11.33 in open TLIF with sex distribution (41/44)
and (24/25) male to female in mini-TLIF and open TLIF
respectively. The mean operative time in mini-TLIF was
190.5minute and 153.5minute in openTLIFand the difference
was statistically significant. The mean blood loss was 168ml
and 476ml in mini-TLIF and open TLIF and was significant
statistically. The hospital stay mean difference between both
groups was statistically significant (2.88 and 5.12 days respec-
tively). Mean visual analog scale (VAS) scores for back and leg
pain decreased, respectively, from 6.66 and 7.44 to 2.58 and
2.07 in short-term follow up and to 1.38 and 0.78 in long-term
follow up in group I and from 7.17 and 7.96 to 2.79 and 2.31 in
short-term follow up and to 1.37 and 0.86 in long-term follow
up in group II. MeanOswestry disability index (ODI) improved
from54.07% to 27.82% in short-term followup and to18.33% in
long-term follow up in group I and from 60.5% to 2381% in
short-term follow up and to 14.48 in long-term follow up in
group II. In both groups, VAS and ODI scores significantly
changed from pre- to postoperatively (p < 0.001), but post-
operative outcome between groups was statistically not sig-
nificant. Regarding the operative complications, there was no
nerve root injury in both groups. The incidence of dural tear
was 3.5% in group I and 11.11% in group II. The incidence of
superficial and deep infections, respectively, was (3.5% and
1.1%) in group I and (12.2% and 4.1%) in group II. There was no
screw loosening or slipped cage in group I but screw loosening
was reported in 2 cases (4.1%) and also cage slippage was
reported in 2 cases(4.1%) in group II.

Conclusion: Clinical and functional outcomes demon-
strate no significant differences between groups in treating
back and leg pain of adult patients with spondylolisthesis.
However, in terms of operativeblood loss, dural tear, infection,
hospital stay and instrument failure (screw or cage) mini-TLIF
demonstrated better results. On the other hand, mini-TLIF
showed more operatve time that can be overcomed with
growing learning curve and advancing system designs.

Keywords: spondylolisthesis, transforaminal lumbar
interbody fusion (TLIF), mini-TLIF, open TLIF

GO321. Minimally Invasive Spine Surgery in Patients Who
Present Late for Surgery; Doing Too Good, Too Late
Muhammed Assous1, Mohammed Zeyad1, Saad Hamdan1
1Razi Spine Clinic, Amman, Jordan

Introduction: There remains a huge reluctance to
undergo spine surgery in Jordan, which is probably related
tomisbeliefs and/or bad experiences. Recently, there has been
a surge in Minimally Invasive Spine Surgery (MISS) proce-
dures with patients specifically requesting to have their
operations done using this technique. However, this often
happen aftermany years of pain, disability and evenweakness
inmuscle power.We reviewedpatientswhounderwent either
MISS discectomy or MISS decompression to assess whether
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delayed presentation for surgery had a negative impact on
outcome.

Materials and Methods: We retrospectively reviewed
172 patients who underwent MISS discectomy or MISS de-
compression at a single center between 2013 and 2014.
Procedures included 114 discectomies and 58 decompres-
sions, using the cross over unilateral technique. All patients
had a minimum of twelve months follow up and all proce-
dures were done using a tubular retractor, microscope and
general anesthetic. Pain and functional outcomes were as-
sessed using VAS for back and leg pain and Eq. 5D. We then
compared outcome measures between patients who had
symptoms for less than twelve months prior to surgery with
those with twelve months or more. Statistical analysis was
done using independent t-test. We also looked at a subgroup
of patients who presented with neurological deficit.

Results: A total of 172 patients were reviewed. There
were 97 (56%) males and 75 (44%) females with a mean age of
47.6 years. All patients in discectomy and decompression
groups significantly improved post operatively in all three
outcome measures (VAS back pain mean pre op 49.4, post op
7.7, VAS leg pain mean pre op 78.8, post op 29.7, Eq. 5D mean
pre op 0.31, post op 0.72 with P value < 0.001 for all meas-
ures). Duration of symptoms prior to surgery ranged from 1
month to 144 months (mean 16.8 months). Almost one third
(31%) of the patients waited more than twelve months before
they had their operations. Nevertheless, they still had out-
come comparable to patients who waited less than twelve
months (P value 0.883). The exception to this was the group of
14 patients who presented with painful foot drop from L4/5
disc herniation (9 patients) or lateral recess stenosis (5
patients). Two patients only had the surgery within 4 weeks
from the onset of weakness and both fully recovered. Half (6)
of the remaining patients presented after one year from onset
of foot weakness, strongly indicating reluctance to undergo
surgery. Of those, only two showed partial recovery. Interest-
ingly, more than half of the 172 patients (52%) would have still
categorically refused surgery if it was not offered with MISS
techniques, andwould have continued to suffer with pain and
disability.

Conclusion:Deeply rooted reluctance to undergo spine
surgery in general often results in several years of chronic
pain, disability and even neurological deficit. When those
patients eventually agreed to undergo MISS procedures, re-
sults were very satisfactory and comparable to those who
agreed to surgery when first recommended. This may be
explained by high level of satisfaction following years of
pain, frustration and disability. The same however cannot
be said in cases of neurological deficit, which should continue
to be done urgently.

GO322. Looking at the Future of Motion Preservation
Surgery in the Lumbar Spinewith the Experience of the Past
Giancarlo Guizzardi1
1Neurosurgical Department, Univbersity and City Hospital Careggi,
Firenze, Italy

Introduction: In the 1970’s, Kirkaldy-Willis first de-
scribed the “Degenerative Cascade” of DDD. Observation of
demographic studies showsmore back pain in younger adults
(30 to 50 years) than in elderly adults (over 60 years) inwhich
osteoarthritis problems are prevalent to disc problems. The
aim of this study is to demonstrate if and when an interlami-
nar elastic motion preservation device for disc assistance can
stop or reverse the degenerative cascade of the lumbar spine
in younger adults. We used in this study a new motion
preservation device not interspinous but interlaminar. The
IntraSpine® device (Cousin Biotech, France), is manufactured

in medical silicon 65 shore coated by an adherent pure
polyester terephtalate sleeve and the frontal extremity is
further covered by a silicone film that prevents adhesion to
the neural structures in cases of surgical bone or soft tissue
removal.

Material andMethods:Group 1: 60 patients (mean age
34.5 years, 38 female an 22male) affected fromback pain from
a minimum time of two years and after the failure of conser-
vative treatment for at least 6 months, received a minimally
invasive surgical procedure implanting this IntraSPINE® de-
vice at one or two levels. Group 2: 54 patients (mean age 32,6
years, 24 male and 16 female) affected from big extruded disc
hernia received the some implant after the removal of the
hernia in the some surgical procedure at one level, to prevent
the subsequent chronic LBP due to a rapid collapse of the disc
height. From the literature we know that in this young group
of patients the percentage of the chronic LBP in the late follow
up (5 years) it’s ~70%. The results with a minimum follow-up
of 4 years were evaluated from the clinical point of view
regarding the LBP with VAS and ODI tests. All patients were
also subjected to an MRI control. The surgical procedure was
performed by monolateral approach and in many cases in
local anesthesia in group 1 and in general anesthesia and
equally bymonolateral approach in group 2. The source of the
pain in this group of patients (facet joint pain) was demon-
strated by a positive response to the facet joint block test (The
response was considered positive for a transient reduction of
pain at least of 70%). Prior to surgical procedure, all patients
underwent an MRI, a CT Scan and a dynamic X-ray of the
lumbar spine. The stage of the degenerative cascade was
between grade III and IV according to Pfirrmann.

Results: Group 1:in ~20% also in presence of good
clinical results we highlighted a moderate progression of
the cascade, in about the 50% the Pfirrmann grade was
unchanged, but in ~30% we highlighted a partial rehydration
of the disc whichmeans a initial reversion of the degenerative
cascade (patients with the lower grades of degeneration).
Group 2: the percentage of a very uncomfortable LBP in this
groupwas 24%, and the number of the recurrences was 2 (5%)
and in only 1 caseweperformed a newsurgical procedure. The
maximum amount of blood lost in both group was 80 cc and
themean time of the surgical procedurewas 28minutes (from
18 to 37) in the group 1 and 41 minutes (from 34 to 46) in the
group 2.

Conclusion: The close observation of the right indica-
tions and the proper selection of patients is strictly recom-
mended. The mininvasive and relatively easy surgical
procedure do not induce the surgeons of an indiscriminate
use of this device. The wrong level implant is the mast
frequent mistake. From the observation of these very impor-
tant points we believe that are obtained this very good results
even should be necessary a big number of case study, a longer
follow up and a randomizedmulticenter study. The absence of
major complications, the minimally invasive surgical proce-
dure and the good clinical results allow us to say that with a
correct patient selectionwe can prevent that this disease from
acute becomes chronic, and thus its natural progression. Last
but not least if we performed this surgical procedure in the
earliest stages of the degenerative cascade, we can reverse its
trend.
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GO323. Better Height Restoration and Kyphosis Correction
of Osteoporotic Vertebral Compression Fractures Using
Intravertebral Reduction Devices (SpineJack): One Year
Follow Up
Jiann Her Lin1, Sheng-Hao Wang1, Yung Hsiao Chiang1, En Yuan
Lin1
1Department of Neurosurgery, Taipei Medical University Hospital,
Taipei, Taiwan, Province of China

Background: Transpedicular cement augmentation has
became a significant treatment for osteoporotic vertebral
compression fractures with the evident effect of pain-relief.
However, height restoration and kyphosis correction of the
spinal column following transpedicular cement augmentation
are not satisfying. SpineJack, one of intravertebral reduction
devices, has been proved to has better height restoration and
kyphosis correction in a cadaveric study. It also has been
reported to has good outcomes for treating spine trauma.
However, for treating osteoporotic vertebral compression in
the elderly, the role of SpineJack is still unknown. This clinical
study was conducted to compare the radiological and clinical
outcomes between transpedicular cement augmentation
with/without SpineJack for osteoporotic vertebral compres-
sion fracture in the elderly.

Materials and Methods: 75 patients with osteoporotic
vertebral compression were included and treated with trans-
pedicular cement augmentation with/without SpineJack dur-
ing Sep. 2013- May. 2015. The radiological outcomes,
including the anterior, central, posterior body height, and
kyphotic angle, were measured on flexion/extension lateral
lumbar X-ray at the time points of pre-operatively, post-
operatively 1 week, 3 month, 6 month, and 1 year. The clinical
outcomes, including VAS for pain, SF-36, complications were
recorded by reviewing the charts retrospectively. The inci-
dences of adjacent and non-adjacent fracture in both groups
were also recorded.

Results: 36 patients was treatedwith SpineJack and 39
without SpineJack (Vertebroplasty group). The age, bone
marrow density, body mass index, sex ratio, fracture level,
the use of steroid and anti-osteoporosis medication were
comparable in two groups (p > 0.05). The pre/post- VAS for
pain, SF-36, or complication was similar in two groups
(p > 0.05). The incidences of adjacent and non-adjacent frac-
ture were also comparable in both group (p > 0.05). The
restoration of anterior/middle body height and kyphotic angle
in SpineJack group were significantly better than that in
Vertebroplaty group at post-op 1 week, 3m, 6m, and one
year (p > 0.05). The restorationsmaintained at least for 1 year
in SpineJack group (p > 0.05), while the restorations in Ver-
tebroplasty groups only maintained for 3 months.

Conclusion: Based on this study, height restoration and
kyphosis correction were significantly better in the SpineJack
group at least for one year for treating osteoporotic compres-
sion fractures in the elderly.

GO324. Complications after Percutaneous Pedicle Screw
Fixation for the Treatment of Unstable Spinal Metastases
Anne Versteeg1, Jorrit-Jan Verlaan1, Paul de Baat2, Tim Jiya3,
Carel Diekerhof4, Guido van Solinge5, Cumhur Oner1
1Department of Orthopedic Surgery, University Medical Center
Utrecht, Utrecht, The Netherlands
2Department of Orthopedic Surgery, Catharina Hospital, Eindhoven,
The Netherlands
3Department of Orthopedic Surgery, VU University Medical Center,
Amsterdam, The Netherlands
4Department of Orthopedic Surgery, St. Elisabeth Hospital, Tilburg,
The Netherlands
5Department of Orthopedic Surgery, Isala Clinics, Zwolle, The
Netherlands

Background:Up to 70% of all cancer patients have bone
metastases, with the spine being the most common location.
Standard treatment of painful biomechanically unstable spi-
nalmetastases is surgical stabilizationwith or without cement
augmentation. An extensive open surgical procedure may
often not be warranted considering the palliative treatment
intent. Minimally invasive surgical techniques such as percu-
taneous pedicle screw fixation have become available in the
last decade and may be more suitable for these patients.
Therefore, the aim of this study was to report the character-
istics and complications after percutaneous pedicle screw
fixation (PPSF) for the treatment of unstable spinal metasta-
ses. The secondary objective was to identify factors associated
with the occurrence of complications and survival.

Methods: A national multicenter ambispective review
of patients who underwent PPSF for the treatment of unstable
spinal metastases was performed. Patients were excluded if
they were diagnosed with a primary spinal tumor, an intra-
dural spinal tumor, or if additional (minimal access) spine
surgery was performed. Patient data pertaining demograph-
ics, diagnosis, treatment, neurological function, complica-
tions, and survival were collected.

Results: Between 2009 and 2014, 101 patients (56
female, mean age 60.3 �11.2 years) underwent PPSF for the
treatment of unstable spinal metastases. Median operating
time was 122 minutes (range 57–325) with a median blood
loss of 100ml (N ¼ 41, range 50–500); none of the patients
required blood transfusion postoperatively. Median length of
stay was 7 days with 78% of the patients ambulating within
the first three days post-operative. The presence of compli-
cations (p ¼ 0.003) and need for re-operation (p < 0.001)
were associated with increased length of hospital stay. A total
of 30 complications occurred in 18 patients. Operating time
was the only factor associated with the presence of compli-
cations (p ¼ 0.041). Non-surgical adverse events (9%) were
the most common complications followed by postoperative
neurological deterioration (6%) and revision surgery (6%).
Three out of six patients suffered neurological deterioration
due to local tumor progression. The remaining three patients
suffered surgical related neurological deterioration. Mean
survival timewas 11.0 months, with 78% of the patients being
alive at three months post surgery. Univariate analysis dem-
onstrated that a lower performance status (p ¼ 0.043), pri-
mary tumor type (p < 0.001), the presence of node and/or
visceral metastases (p ¼ 0.019) and no administration of
postoperative chemotherapy (p ¼ 0.007) negatively influ-
enced three months survival. Using multivariate analysis
only no administration of postoperative chemotherapy
(p ¼ 0.017, HR 5.8, 95%CI 1.79 – 18.77) demonstrated to be
independently associated with impaired survival at three
months.

Conclusion: Minimally invasive surgery for the treat-
ment of spinal metastases demonstrates to be safe and has
promising clinical outcomes in terms of minimal blood loss
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during surgery and high rates of early post-operative ambula-
tion. In addition, no administration of postoperative chemo-
therapy was associated with impaired three months survival.

GO325. Minimally Invasive Spine Surgery for Intracanal
Tumor Resection. Clinical Study and Surgical Results
Roberto Diaz1, Miguel Berbeo1, Tatiana Quintero1
1Unidad de Neurocirugia, Hospital Universitario San Ignacio, Pontificia
Universidad Javeriana, Bogota, Colombia

Introduction: Neuroimaging technology, micro-surgi-
cal instruments and minimally invasive techniques have
allowed the development of new approaches that maintain
favorable neurological outcome obtained by conventional
techniques in resection of spinal neoplasm. Our work de-
scribes a new surgical technique for patientswith spinal intra-
canal neoplasms in order preserve muscle tension band
posterior ligamentous and assessed the results.

Material and Methods: Our surgical technique pro-
poses a para-median posterior minimally invasive approach
from linear incision of 2.5 cm ipsilateral to the site of the lesion
trough an expandable tubular retractor. Patients were fol-
lowed prospectively with visits at one, three, six and twelve
months after surgery. Surgical time, blood loss, intra-opera-
tive and post-operative complications, hospital length of stay,
pre and post-operative neurological status were assessed.

Results: We describe the surgical treatment technique
in twenty one patients diagnosed with spinal intra-canal
compressive lesions, which underwent surgical resection
between January 2010 and July 2015. The Meningioma was
themost frequent neoplasm. Themeans surgical timewas 148
minute. The average intraoperative bleeding was 217 ml.
Patients experienced minimal postoperative pain and they
were discharged in average 31 hours after surgery. Therewere
no intraoperative complications; though two patients devel-
oped complications in the late postoperative period. A patient
had cerebrospinal fluid leak and other patient developed
myelopathy secondary to non-infectious arachnoiditis.

Conclusion: This type of approach technique provides
adequate visualization and microsurgical resection of the
intra-canal tumor lesions, with reduced muscle denervation
and devascularization by preserving the tension of the liga-
ment complex. These results correlatewith previous studies of
minimally invasive techniques for spinal neoplasms.

GO326. Assessment of Postoperative Epidural Hematoma
after Lumbar Microendoscopic Surgery
Hiroaki Manabe1, Takuya Mishiro1
1Department of Orthopedic Surgery, Takamatsu Red Cross Hospital,
Kagawa, Japan

Introduction: Symptomatic postoperative spinal epi-
dural hematoma (SEH) is observed occasionally but rarely gets
into serious complication after lumbar spinal surgery. It is also
known that SEH occurs even in the endoscopic surgery. The
purpose of this study is to assess characteristics and outcome
of those caseswhichhad SEH treated surgically after the initial
microendoscopic surgery in the lumbar spine.

Method: From 2003 to 2015, total of 1249 patients
with lumbar disc herniation or canal stenosis underwent
microendoscopic discectomy or laminectomy in our institu-
tion. Traditional open spinal surgeries were compared with
those microendoscopic surgeries. Six patients after micro-
endoscopic surgery in the series required evacuation of SEH
after the initial surgery were included in this study. Preoper-
ative characteristics of the patients, clinical outcome and
postoperative course were assessed.

Result: The incidence of SEH after microendoscopic
surgeries required additional treatment was 0.48% (6 of 1249).
The incidence of SHE after open spinal surgeries were 0.77%
(11 of 1421). The initial procedure was microendscopic dis-
cectomy in three cases and microendoscopic laminotomy in
three cases. One patient had hypertension, two patients had
prediabetes and one patient had thrombocytopenia (12.110*3/
μl) by hepatitis. Three cases were treated in the acute stage
(within 24 hours after the surgery) and three cases were
treated in the subacute stage (between 3 and 7 days after the
surgery). In all cases, severe leg pain was appeared in short
time. Two patients got muscle weakness. After the surgical
evacuation of hematoma, all cases recovered from neurologi-
cal symptoms and leg pain immediately. But one patient had
repetitive leg pain after the evacuation with local anesthesia
or general anesthesia. Finally Blood transfusion and factor VIII
were required to stop SEH. Factor VIII activity of the patient
was 58% at two days after the initial surgery. The patient fully
recovered at six months after the initial surgery.

Conclusion: The incidence of SEHwas not significant in
comparison with a conventional method. It was considered
that narrow epidural space by microendoscopic surgery af-
fected dural compression by even a little bleeding. Basically, in
preventing SEH, preoperative bleeding tendency, intra-
operative bleeding, postoperative blood pressure and drain-
age should be confirmed. Even though, it was very difficult to
detect the crucial factor of the symptomatic SHE, patient
factor like bleeding and cerebrospinal pressure or iatrogenic
factor like redundant invasion may lead to symptomatic SHE.
Prompt treatment for symptomatic SEH was necessary.

GO327. Perioperative Morbidity in Overweight or Obese
Patients after Minimally Invasive Lumbar Spine Surgery
Roberto Diaz1, Miguel Berbeo1, Rafael Uribe1
1Unidad de Neurocirugia, Hospital Universitario San Ignacio, Pontificia
Universidad Javeriana, Bogota, Colombia

Introduction: Obesity is a known risk factor for many
medical complications. Spinal surgery in overweight or obese
patients poses specific challenges related to technical difficul-
ties and risks of complications.Minimally invasive spinal (MIS)
surgery has been developed with the purpose of decreasing
post operative pain, operative blood loss and to promote early
ambulation while offering the same outcomes of traditional
open techniques. Nonetheless, there is a paucity of informa-
tion as to whether these techniques are safe and their results
reproducible in overweight or obese patients. We report
perioperative outcomes in a retrospective cohort of over-
weight or obese patients after minimally invasive lumbar
spine surgery.

Material and Methods: Retrospective chart analysis of
patients treated with minimally invasive techniques for lum-
bar spinal pathology was performed, starting from January
2007 to December 2011. Fifty – seven patients with a body
mass index (BMI) greater than or equal to 25 kg/m2 were
included for analysis. 40 patients with a BMI lower than 25 kg/
m2were included for comparison.Multivariate logistic regres-
sion analysis was performed.

Results: Out of the 97 patients included in the study, 9
presented complications. These were distributed by BMI
groups as follows: Two patients in the group below BMI 25
kg/m2; five patients in the group between 25 and 29.9 kg/m2,
and two patients in the group above BMI 30. There were no
reportedmortality cases. Aftermultivariate logistic regression
analysis, none of the variables observed (BMI, age, gender,
type of fusion) demonstrated a statistically significant in-
crease in morbidity.
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Conclusion: MIS surgery doesn’t appear to have a
higher risk of perioperative complications in overweight or
obese patients with lumbar spine pathology.

Surgical Complications

GO328. Prospective Multicenter Assessment of
Intraoperative and Perioperative Complication Rates
Associated with Adult Spinal Deformity (ASD) Surgery in
558 Patients
Eric Klineberg1, Justin Smith2, Virginie Lafage3, Christopher
Shaffrey2, R. Shay Bess4, Frank Schwab3, Munish Chandra
Gupta1, Robert Hart5, Themistocles Protopsaltis4, Gregory
Mundis6, Han Jo Kim3, Douglas Burton7, Justin Scheer8,
Christopher Ames9, International Spine Study Group10
1Department of Orthopedic Surgery, University of California, Davis,
Sacramento, California, United States
2Department of Neurosurgery, University of Virginia Medical Center,
Charlottesville, Virginia, United States
3Department of Spine Research, Hospital for Special Surgery, New
York, New York, United States
4Department of Orthopedics, NYU Langone Medical Center's Hospital
for Joint Diseases, New York, New York, United States
5Oregon Health and Science University, Department of Orthopedic
Surgery, Portland, Oregon, United States
6San Diego Center for Spinal Disorders, La Jolla, California, United
States
7Department of Orthopedic Surgery, University of Kansas Medical
Center, Kansas City, Kansas, United States
8University of California San Diego School of Medicine, La Jolla,
California, United States
9Department of Neurosurgery, University of California, San Francisco,
San Francisco, California, United States
10International Spine Study Group, Brighton, Colorado, United States

Introduction: Few previous studies have focused on
early (intraoperative and perioperative) complication rates for
ASD surgery, with reported overall rates ranging from ~10% to
75%. However, most available studies are relatively small
single- center series and likely underestimate complication
rates due to retrospective design and lack of rigorous collec-
tion of complications. Accurately defining the early complica-
tion rates is particularly important for patient counseling with
regard to the risks and benefits of surgical treatment.

Material and Methods: As part of a prospective ASD
database, standardized collection forms, on-site coordinators
and auditing helped ensure complete capture of complica-
tions. Intraop and periop (<6 wks) complications were col-
lected for all patients with these available data, regardless of
subsequent length of available follow-up.

Results: 558 patients underwent surgical treatment for
ASD and had a mean age of 57 years, mean Charlson Comor-
bidity Index of 1.5 and previous surgery in 48%. The majority
(98%) of patients had treatment including a posterior instru-
mented approach and included a 3-column osteotomy in 22%
of patients. A total of 171 intraoperative complications (69
major, 102 minor) affected 127 (22.8%) patients, and a total of
272 perioperative complications (133 major, 139 minor) af-
fected 185 (33.2%) patients. Collectively, 443 early complica-
tions (202 major, 241 minor) were reported, with 264 (47.3%)
patients experiencing one or more complication. The overall
mean numbers of intraoperative, perioperative and total com-
plications per patient were 0.31, 0.49 and 0.79, respectively.

Conclusion: ASD surgery is associated with high rates
of early complications, with 47.3% of patients having at least
one complication. These rates are substantially higher than
previously reported. These finding may prove useful in treat-
ment planning and patient counseling.

GO329. Vertebral Artery Injury in Cervical Spine Surgery:
Results from AOSpine North America Multicenter Study on
16,582 Patients
Abhishek Kannan1, Harry Mai1, Wellington Hsu1, Alan
Hilibrand2, Ahmad Nassr3, Paul Arnold4, Michael Fehlings5,
Vincent Traynelis6, Ziya Gokaslan7, Thomas Mroz8, Mohamad
Bydon9, Zachary Smith10, Eric Massicotte5, K. Daniel Riew11

1Department of Orthopaedic Surgery, Northwestern Feinberg School
of Medicine, Chicago, Illinois, United States
2Thomas Jefferson University, The Rothman Institute, Philadelphia,
Pennsylvania, United States
3Department of Orthopedic Surgery, Mayo Clinic, Rochester,
Minnesota, United States
4Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States
5Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
6Department of Neurosurgery, Rush University Medical Center,
Chicago, Illinois, United States
7Department of Neurosurgery, Rhode Island Hospital, Providence,
Rhode Island, United States
8Departments of Orthopaedic and Neurological Surgery, Cleveland
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10Department of Neurological Surgery, Feinberg School of Medicine of
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11Department of Orthopedic Surgery, The Spine Hospital at NY-
Presbyterian, New York, New York, United States

Introduction: Vertebral artery injury is a rare but
serious complication of cervical spine surgery with an overall
incidence rate of 1.4% (Rampersaud, 2006). Iatrogenic injuryof
the vertebral artery can lead to serious complications includ-
ing lateral medullary (Wallenberg) syndrome, quadriparesis,
and mortality. The high rate of vertebral artery anomalies in
the general population mandates assessment via advanced
imaging modalities in the preoperative period (Schroeder,
2013). The rarity of this complication makes it difficult to set
expectations after an injury is encountered. This study utilized
a multi-center database to compile outcomes data after
vertebral artery injury during a cervical spine procedure.

Materials and Methods: A multi-center retrospective
case series was compiled involving 23 medical institutions.
Inclusion criteria included patients who underwent cervical
spine surgery between 2005–2011 and who sustained a
vertebral artery injury. IRBs were obtained from all institu-
tions and datawas sent to a private research organization that
collected and collated all of the data. Patients were evaluated
on the basis of condition-specific functional status using the
Neck Disability Index (NDI), modified Japanese Orthopaedic
Association (mJOA) score, the Nurick scale, and the 36-Item
Short-Form Health Survey (SF-36).

Results: Vertebral artery injuries were identified in a
total of 14 of 16,582 total patients screened (8.4 per 10,000).
The mean age of patients with vertebral artery injury was 59
years (þ/� 10) with a female predominance (78.6%). Diagno-
ses of affected patients included 7 with myelopathy, 3 with
radiculopathy, 1 with cervical instability, and 2 with meta-
static disease. The mean duration of operative time for cases
was 4.7 hours (þ/� 1.8). Vertebral artery injury was also
associatedwith substantial blood loss (770mL), although only
3 cases required transfusion. Of the 14 cases, 7 occurred with
an anterior only approach, 3 cases with posterior only ap-
proach, and 4 during circumferential approach. Average
length of hospital stay for these patients was 10 days (þ/�
8). Notably, 13 of the 14 (92.86%) cases reportedly resolved
without residual deficits. Compared with preoperative base-
line NDI, Nurick, and SF-36 physical and mental component
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scores for these patients, there were no observed changes
after surgery (p ¼ 0.20 Ð 0.94).

Conclusion: Vertebral artery injuries are potentially
catastrophic complications that can be sustained from either
anterior or posterior cervical spine approaches. This adverse
event is associated with an increase in hospital stay and
functional disability measured on NDI score. However, the
data from this study suggests that with proper steps to ensure
hemostasis, patients recover function at a high rate and do not
exhibit residual deficits (13 out of 14). Preoperative imaging
studies may provide insight into VA anomalies and anatomic
variations and are vital to the preoperative assessment. Fur-
thermore, although surgeons should expect increased blood
loss once a vertebral artery injury is encountered, patients do
not often require a blood transfusion.

GO330. Frailty and Postoperative Outcomes in Patients
Undergoing Surgery for Degenerative Spine Disease
Raphaële Charest-Morin1, Alana Flexman2, Chris Ryerson3, Liam
Stobart2, John Street4
1Department of Orthopaedic surgery, Laval University, Québec,
Canada
2Department of Anesthesiology Pharmacology and Therapeutics,
University of British Columbia, Vancouver, Canada
3Department of Medicine, University of British Columbia, Vancouver,
Canada
4Division of Spine Surgery, Department of Orthopedics, University of
British Columbia, Vancouver, Canada

Introduction: Frailty is defined as a state of decreased
reserve and susceptibility to stressors. The relationship be-
tween frailty and outcomes after degenerative spine surgery
has not been studied.

Objectives: (1) Determine prevalence of frailty in the
degenerative spine population; (2) Describe patient character-
istics associated with frailty; (3) Determine the ability of
frailty to predict postoperative outcomes.

Material andMethods:We analyzed 52,671 patients in
the National Surgical Quality Improvement Program who
underwent degenerative spine surgery. A modified frailty
index (mFI) was used to determine the prevalence and
severity of frailty as previously described. The association of
frailty with postoperative outcomes was determined using
multivariate logistic regression.

Results: Frailty was present in 2,041 patients within
the total population (4%), and 8% of patients older than 65
years. Frailty severity increased with increasing age, male sex,
African-American race, higher bodymass index, recent weight
loss, paraplegia or quadriplegia, ASA score, and pre-admission
residence in a care facility. Frailty severitywas an independent
predictor of major complication (OR 1.15 for every 0.10
increase inmFI, 95%CI 1.09–1.22, p < 0.0005), and specifically
predicted re-operation for post-surgical infection (OR 1.3, 95%
CI 1.16–1.46, p < 0.0005). Prolonged length of stay and dis-
charge to a new facility were also independently predicted by
frailty severity (p < 0.0005). Frailty severity predicted 30-day
mortality on unadjusted (OR 2.05, 95%CI 1.69–2.47,
p < 0.0005) and adjusted analysis (OR 1.44, 95%CI 1.15–
1.81, p < 0.005).

Conclusions: Frailty is an important predictor of post-
operative outcomes following degenerative spine surgery.
Preoperative recognition of frailty may be useful for perioper-
ative optimization, risk stratification and patient counseling.

GO331. Neurological Outcomes Following Iatrogenic
Vascular Injury during Posterior Atlanto-axial Instrumented
Fusion
Faiz Ahmad1, Oluwaseun Akinduro1, Griffin Baum1, Brian
Howard1, GustavoPradilla1, JonathanGrossberg1, Gerald Rodts1
1Neurological Surgery, Emory University School of Medicine, Atlanta,
Georgia, United States

Introduction: Iatrogenic vascular injury is a feared
complication of posterior atlanto-axial instrumented fusion.
A better understanding of clinical course following this injury
will allow surgeons to better care for these patients. The object
of the study was to systematically review the neurologic
outcomes after iatrogenic vascular injury during atlanto-axial
posterior instrumented fusion.

Methods: A systematic reviewof the PubMed database
was performed, following the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). The extracted data was recorded in an
excel spreadsheet. To be included, the patients must have
undergone fusion of the C1/C2 joint using posterior instru-
mentation with injury to an arterial vessel directly attribut-
able to the surgical procedure.

Results: 86 incidences of vascular injury were found in
41 articles with 11200 patients. The average age of included
patients was 46.4 þ/� 24.1 for the screw rod construct (SRC)
group and 36.2 þ/� 28.2 for the transarticular screw (TAS)
group. Vascular injury in SRC cases resulted in ipsilateral
stroke in 15.9% (n ¼ 7/44) of patients and neurologic deficit
in 22.7% (n ¼ 10/44) of patients with a permanent neurologic
deficit occurring in 11.4% (n ¼ 5/44) of patients. Vascular
injury following TAS fixation resulted in ipsilateral stroke in
11.9% of cases (n ¼ 5/42) and neurologic deficit in 23.8% of
cases with the deficit being permanent in 9.5% (n ¼ 4/42) of
cases. Death was the result of injury in 9.1% (n ¼ 4/44) of SRC
cases and 7.1% (n ¼ 3/42) of TAS cases.

Conclusions: Neurological morbidity after iatrogenic
vascular injury during posterior C1/2 fixation is higher than
previously reported in literature. There has been no large-
volume studies aimed at identifying a rate of neurologic
complications after iatrogenic injury. Surgeons should be
aware of the normal and anomalous vertebral artery anatomy
to avoid this potentially catastrophic injury.

GO332. Mortality and Causes of Death in Patients Requiring
VEPTR Surgery
John Smith1, John Heflin1, Michael Vitale2, Amer Samdani3,
Jessica Morgan1, Children's Spine Study Group4
1Department of Orthopaedics, University of Utah, Salt Lake City, Utah,
United States
2Department of Orthopaedics, Columbia University, New York, New
York, United States
3Shriner's Hospital for Children, Philadelphia, Pennsylvania, United
States
4Children's Spine Study Group, Valley Forge, Pennsylvania, United
States

Introduction: The VEPTR device is used to treat a
heterogeneous population of children with EOS and TIS.
Complications associated with this treatment are known to
be high, but there is limited documentation regarding risk of
mortality in this population while undergoing treatment. The
objective of this study is to report the 14 year mortality and
cause of death from 4major centers treating patients with TIS.
This is a retrospective review of patients treated at 4 institu-
tions for EOS and TIS. All patients were treated or had planned
treatment with VEPTR instrumentation.
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Methods: 295 consecutive patients with EOS treated
with VEPTR between 2000 and 2014 were reviewed. All
patients were entered into a prospectively collected database.
For the patients who died during or awaiting treatment,
medical records were reviewed to determine the age and
cause of death.

Results: 292 patients treated with VEPTR and 3 pa-
tients awaiting surgerywere included. 17 patients died during
the study period, for an overall mortality rate of 5.76%. The
etiology was varied in the patients who died (congenital/
structural-1; neuromuscular-8; syndromic-5; idiopathic-3).
There were 1261 total VEPTR-related procedures completed.
Causes of death included: respiratory failure-8; shunt com-
plications-2; cardiac failure-4; and GI complications-3. Two
children died of pulmonary and nutritional complications
while awaiting surgery. One patient died of a cardiac arrhyth-
mia in the operating room.

Conclusion: EOS occurs in a complex heterogeneous
group of children and is associated with multiple co-morbid-
ities. The 2010 combined mortality rate for children 1–19
years of agewas 54.1/100,000while the rate for this groupwas
823.2/100,000 suggesting the long term natural history of this
condition is associated with significantly increased mortality.
While the aggressive surgical management of EOS compared
with the natural history is not debated, there is clearly a need
for a better understanding of the mortality risk over time for
this patient population.

GO333. Frequency of Post-Operative Hematoma in Lumbar
Disc Excision Through Fenestration without Closed-Suction
Drainage
Muhammad Umair1, Muhammad Farrukh Bashir Bashir1, Amer
Aziz Aziz2, Rizwan Akram1, Saeed Ahmad2
1Ghurki Trust Teaching Hospital Lahore, Lahore, Pakistan
2Department of Orthopaedics, Ghurki Trust Teaching Hospital Lahore,
Lahore, Pakistan

Introduction: Spinal epidural hematoma is a well-
known complication of spinal surgery. To prevent hematoma
formation its routine that suction drain is placed for 24 to 48
hours after laminectomy. But Clinically insignificant small
epidural hematomas develop after Lumbar disc excision
through interlaminar fenestration. The aim of this study is
to find out Frequency of Post-Operative Hematoma in Lumbar
Disc Excision through Fenestration without closed-suction
drainage.

Materials and Methods: This was a descriptive case
series done at Ghurki trust teaching hospital Lahore from from
January 2009 to January 2014. Total 423 caseswho underwent
Lumbar Disc Excision through Fenestration were included in
the study. All the patients were followed for 7 days for
postoperative Spinal Hematoma Formation which was con-
sidered positive in patients who either develop a new post-
operative neurological deficit or pain and onmri shows Spinal
Epidural Hematoma at the site of surgery.

Results: Frequency of post-operative hematoma after
lumbar disc excision through fenestration without using
closed-suction drainage reveals 2.13%(n ¼ 9) while 97.87%
(n ¼ 414) had no findings of hematoma.

Conclusion: We concluded that frequency of post-
operative hematoma after lumbar disc excision through fen-
estration without using closed-suction drainage is deter-
mined as insignificant.

Trauma Cervical 4

GO334. Assessing Transverse Ligament Integrity Throught a
New CT Based Alternative
Luis Pérez-Orribo1, Liberto Brage1, Samuel kalb2, Héctor Roldán-
Delgado1, Neil Robert Crawford2, Anna Sawa Newcomb2
1Servicio de Neurocirugía, Hospital Universitario de Canarias, La
Laguna, Spain
2Department of Neurosurgery, BarrowNeurological Institute, Phoenix,
Arizona, United States

Objectives: The Rule of Spence for assessing integrity of
the transverse atlantal ligament (TAL) suffers from poor
specificity and sensitivity, frequently incorrectly reflecting
the condition of the TAL. Since CT scans are quickly and easily
obtained in trauma centers, we propose using a special
sequence of two CTscans formore accurate diagnosis of injury
to the TAL. We sought to assess the sensitivity of the CT
method for TAL injury diagnosis in a laboratory setting.

Materials and Methods: Ten human cadaveric speci-
mens were mounted horizontally in a supine posture with
wooden inserts attached to the back of the skull to maintain
neutral or slightly flexed (10°) postures.Specimens were
scanned in neutral and flexed postures in four conditions:
intact (N ¼ 10), after simulated Jefferson fracture with TAL
intact (N ¼ 5),after TAL disruption without fracture (N ¼ 5),
and after TAL disruption with simulated fracture (N ¼ 10).
Atlanto-dens interval (ADI) from sagittal slices of the CT image
was measured to assess anteroposterior instability of C1-C2;
cross-sectional canal area was measured to assess canal
encroachment caused by the flexed posture.

Results: In going from neutral to slight flexion, ADI
increased by 0.02mm (2.5%) in intact spines, 0.08 mm (6.25%)
after Jefferson fracture without TAL disruption, 0.4 mm (34%)
after TAL disruptionwithout fracture, and 0.42mm (25%) after
TAL disruption with fracture (Fig. 1). ADI increases from
neutral to flexed were not significant (p > 0.33, paired Stu-
dent's t-test) in normal condition orwith fracture.without TAL
disruption. However, ADI increases were significant with TAL
disruption or TAL disruptionþfracture (p < 0.035). Increases
in canal areawere < 0.8% andwere not significant (p > 0.74).

Conclusions: This study explores the possibility of
utilizing two CT scans to evaluate TAL integrity. The change
in ADI between these two postures was very sensitive in
distinguishing TAL injury from atlas fracture. The results of
this study indicate that this method should be more sensitive
than the Rule of Spence for evaluating TAL integrity. By the
conclusion of this session, participants should be able to
identify tranverse ligament injury with a new proposed CT
based method.

GO335. Should We Remove Bullets From The Spinal Cord?
Lisa Grandidge1, AntonyMichael1,Michael Athanassacopoulos1,
Neil Chiverton1, Lee Breakwell1, Ashley Cole1
1Department of Spinal Surgery, Northern General Hospital, Sheffield,
United Kingdom

Introduction: To discuss a case and review evidence for
and against intra-dural bullet removal.

Materials and Methods: A 45 year-old gentleman pre-
sentedwith gunshotwound,with a loss of sensation belowhis
chest and loss of power in his lower limbs. On examination
there was a single 1cmx0.5cm bullet entry wound on the
anterolateral aspect of the left shoulder, with a T3 motor and
sensory level. PR revealed reduced tone and no squeeze. A full
body CT showed a bullet within the spinal canal adjacent to
the T3 vertebral body. The spinal injuries team diagnosed a T3
complete ASIA A paraplegia. He underwent a posterior
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decompression of T3 and intra-dural bullet removal with dura
repair on the same day. Surgery revealed a dural tear and an
intra-dural bullet with obvious cord damage. This was re-
moved with rubberised forceps and handed to police for
ballistics. He was given flucloxacillin and transferred to the
spinal injuries unit for rehabilitation. Hemade no neurological
recovery but did not develop any further complications.

Results: A thorough literature search revealed the role
of surgery in gaining lost neurological function remains
ambiguous. Indications for bullet removal include acute neu-
rological deterioration and CSF fistulas. Epidural haematoma/
abscesses, radiological compression or a destabilized spine are
also considerations. Removals of bullets below T12 have had
an effect on motor recovery. However similar neurological
recoveries have been reported in both surgical and conserva-
tive management of incomplete deficits. Compete deficits are
unlikely to improve neurologically regardless of surgical
intervention, however cervical injuries with early detection
of compressive pathology should be considered. Complication
rates are reported to be higher if operated. Prophylactic anti-
biotics should be started immediately on admission. Surgery
does not reduce the incidence of infection. Pain may be
intensified when caused by a gunshot injury, but there is no
evidence of improvement with bullet removal. One indication
for surgery in this case was to prevent post traumatic syrin-
gomyelia (PTS). The incidence is 0.3–3.2%, however radiologi-
cal/autopsy studies suggest up to 22%.There has been one
prior reported case where a patient developed symptoms 14
months following initial gunshot injury. However due to lack
of data it is uncertain if initial surgical management reduces
development of future syrinxes.

Conclusions: This appears to be the first reported case
of an intra-dural bullet in the UK. Treatment should be focused
on ensuring spine stability, enhancing potential for neurolog-
ical recovery and preventing complications. The role of sur-
gery versus non-surgical treatment is still debate.

GO336. Factors Influencing Outcomes during and Post
Hospitalization in Geriatric Cervical Spine Injuries- do the
Young and Old Elderly Differ?
Areena Dsouza1, Harvinder Chhabra2, Vivek Mittal3
1Department of Spine, Indian Spinal Injuries Centre, New Delhi, India
2Medical Director and Head of Spine Services, Indian Spinal Injuries
Centre, New Delhi, India
3Consultant Spine Surgeon, H J Doshi Hospital, Rajkot, Gujrat, India

Introduction: Geriatric patients with cervical spine
injuries are known to have high morbidity and mortality.
Our aim was to evaluate the acute outcomes of geriatric
cervical spine injuries in terms of morbidity, mortality, and
factors influencing it during hospitalization and after dis-
charge, and the differences between young and old elderly
patients.

Material and Methods: Hospital records of 62 geriatric
patients with cervical spine injuries from 2003–2014 were
retrospectively reviewed and telephonic interview after dis-
charge were done. Patients were divided into young (65-
74yrs) and old (>74yrs) elderly groups. Demographics, mech-
anism and level of injury, duration of stay (ward/ICU), radio-
graphic findings, neurological deficits, comorbidities, type of
management, mortality, factors influencing mortality and
complications rates were studied.

Results: 45 patients were young elderly and 17 old
elderly. Mean age was 70.46 years. 39 sustained high velocity
injury and 23 low velocity. C4–5 was the most common
injured level. 34 patients had preexisting co-morbid condi-
tions, cardiac was most common. 34 patients underwent
surgery. Mean ICU stay was 16.93 days and ward stay 43.94

days. Pulmonary complications were most common in old
elderly. Tracheostomy was required in 20 patients and venti-
lator support in 24 patients. 28 patients had complete deficit,
27 had incomplete neurology and 7 had normal neurology.
Mean duration of follow up was 3.2 years. 14 patients died in
our series. 10 patients had returned to preinjury functional
level.Mortalitywasmore common in old elderly patientswith
conservative treatment, patients with higher level of neuro-
logical deficit, multiple comorbidities, and ventilator
dependancy.

Conclusion: Differences exist between young and old
elderly with cervical spine injuries, and there are high mor-
bidity, mortality rates. Efforts should be made to reduce
pulmonary complications in this age group of patients. Surgi-
cal management can be performed reasonably safely when
indicated.

GO337. Traumatic Atlantoaxial Rotatory Fixation (AARF)
with Odontoid Fracture, Case report
Ahmed Shaker1
1Department of Orthopedics, Sohag University, Sohag, Egypt

Introduction: Atlantoaxial rotatory fixation (AARF) is
also known as rotatory subluxation, rotatory displacement,
rotary deformity, rotational subluxation, and is characterized
by incomplete dislocation of the inferior atlantal and superior
axial articular facets.1 AARF in combination with odontoid
fracture is an extremely rare injury.2–6 Atlantoaxial injuries
can be classified according to Fielding 1 or White and Panjabi7

classification. The management of this combination is a
matter of debate. 1,8,9

Material and Methods: We present a case of a 78 years
old woman who sustained a fall on the ground from a couch
directly on her forehead, resulting in atlantoaxial dislocation
with type II odontoid fracture accompanied with left sided
hemiparesis ASIA type C.

Results:After failure of closed reduction, the treatment
plane was to achieve reduction under anesthesia and C1–2
fusion, but again reduction was not possible. Occipitocervical
fusion to C3 was done to have better stability in osteoporotic
bone. Successful reductionwas achieved during rod reduction
from the occiput to C2 pedicle screw and C3 lateral mass
screw. Cervical collar was advised for 3 months, and good
fusion and improvement of the neurological status to ASIA
type D was achieved after 6 month.

Conclusion: AARF with Odontoid Fracture is a rare
combination and reduction may be impossible. Occipitocer-
vical fusion is a good option in such case as C1–2 reduction is a
prerequisite for transarticular screw. C2 pedicle screw offers
good purchase even in osteoporotic bone which enabled
reduction after rod repositioning.
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GO338. Management of Cervical Lateral Mass Fractures
Ashfaq Razzaq1
1Department of Neurosurgery, Karachi, Pakistan

Introduction: Cervical lateral mass fractures are fre-
quent injuries encountered in a spine traumapractice. The aim
of this studywas to define outcomes for operative versus non-
operative management by reviewing our experience with
these injuries.

Material and Methods: The design of this study was
retrospective. It was conducted at University of Alabama
Hospitals, USA. Institutional Review Board approval was
duly obtained. We used electronic records and ICD codes to
identify 34 consecutive cases, presenting to this hospital in the
year 2011.

Results: The age range was 22–88 years (mean=45).
Most injuries were due to motor vehicle accidents. C7 facets
were the most frequently injured (n ¼ 22). The injuries were
grouped by fracture orientation into: Coronal split fracture
n ¼ 19, sagittal split n ¼ 8, comminuted n ¼ 4, floating (frac-
tured pedicle and lamina) n ¼ 3. Surgical intervention was
performed in 16 patients (47%) and non-surgical (rigid collar/
halo) in 18 patients (53%). Of surgical cases, 14 received ACDF
and 2 received posterior constructs. The follow-up duration
was 2 weeks to 12 months (mean 3.2 months). In the surgical
group 8 patients were asymptomatic at follow-up, and 8
patients had neck pain. In the non- surgical group 11 patients
were asymptomatic and 2 patients had neck pain. In the
surgical group definite evidence of fusion was seen on fol-
low-up radiographs in 7 patients and a further 6 patients did
not have any movement on flexion extension views. One
patient in the surgical group had post-op movement on
dynamic X-Ray. In the non-surgical group, 10 patients had
no movement on flexion extension views, one patient had
minor movement, and no X-Rays were available in the re-
maining cases.

Conclusion: Clinical outcomes were similar in both
surgical and non-surgical groups of facet fractures, with about
half in each group being pain free at follow-up. Similarly
radiological studies demonstrated good spinal stability in the
majority of both surgical and non- surgical groups. There is no
clear consensus in the literature regarding the treatment
paradigms for cervical facet fractures. Our retrospective data
suggests equivalent outcome with both surgical and non-
surgical treatment modalities. Further randomized prospec-
tive studies are warranted.

GO339. Anterior Cervical Decompression, Fusion, and
Stabilization by Cervical Plate and Screw for Traumatic
Lower Cervical Spinal Injury: A Series of 62 Patients
Sharif Ahmed Jonayed1, Prof. Md. Shah Alam1, Md. Rezaul
Karim1, Shubhendu Chakraborty1, Tashfique Alam1

1Department of Spine and Orthosurgery, NITOR, Dhaka, Bangladesh

Introduction: Acute cervical spinal injury is one of the
most common causes of severe disability and death following
trauma. Though treatment of cervical spine injury is contro-
versial but anterior cervical surgery has still a better outcome
then any other method.

Material and Methods: A prospective study was done
in NITOR and other private clinics at Dhaka from July 2009 -
September 2014. Discectomy or corpectomy was done for
decompression, tricortical bone graft or cage with bone graft
was used for fusion. Cervical plate was used in all. Total case
was 62 (M-46, F-16). Age ranging from 14 – 52 years. Total
follow up time was 3 Months to 48 Months. Quantification of
deficit and neurological outcome was rated by ASIA im-
pairment scale.

Results: The results shows that peak incidence was in
3rd decade. Falling due to slip while carrying heavy load on
head was the most common cause. The commonest skeletal
level was C5/C6. Among 62, during the pre operative period, 6
patients had ASIA impairment scale A, 25 patients had ASIA
impairment scale B, 28 had ASIA impairment scale C & 3 had
ASIA impairment scale D. At follow up, 22 of ASIA B changed to
ASIA D, 3 of ASIA B changed to ASIA E, 18 of ASIA C changed to
ASIA D, 10 of ASIA C changed to ASIA E, 3 of ASIA D changed to
ASIA E & 6 of ASIA A remain unchanged. None had worsening
of neurodeficit due to surgery.

Conclusion: For better outcome, proper selection of
case is very important. As no neurological recovery occurs in
complete lesion but for early mobilization and prevention of
further complication- surgery may be considered.

Keywords: cervical spinal injury, ASIA impairment
scale, neurological outcome, anterior decompression and
stabilization

Tumors 3

GO340. Posterior Transpedicular Approach for
Circumferential Decompression and Anterior
Reconstruction Using Trabecular Metal Mesh Cage in
Patients with Metastatic Spinal Tumor
Shih-Chieh Yang1
1Department of Orthopedic Surgery, University Medical Center,
Kaohsiung, Taiwan, Province of China

Introduction: The goal of surgical management for
metastatic spinal tumors is to remove the tumor mass, restore
the spinal stability and alignment, and provided better quality
of life. Posterior transpedicular approach for circumferential
decompression and reconstruction was proposed in concern
of the morbidity related to anterior approach. We used this
unique technique with trabecular metal (TM) mesh cage for
anterior reconstruction to treat the patients with metastatic
spinal tumor. Our purpose is to evaluate the feasibility and
efficacy of this method as an alternative procedure for man-
aging metastatic spinal tumors.

Methods: From January 2009 to December 2012, we
performed single stage circumferential debridement and re-
construction with TM mesh cage through single posterior
approach to treat 20 patients with metastatic spinal tumors.
The visual analog score (VAS), neurologic status, vertebral
body reconstruction, operation time, blood loss, and compli-
cations were recorded. The patient’s conditions were
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evaluated on the basis of modified Brodsky’s criteria which
categorized them as excellent, good, fair, or poor.

Results: The average VAS score was 8.2 (range, 7 to 9)
before surgery, which was significant decreased to 3.2 (range,
2 to 4) after surgery (p < 0.001). The average cobb’s angle
correction was 12 degree (range, 3 to 29). The neurologic
status which classified by Frankel’s scale was significant
improved after surgery (p < 0.001). No one experienced
severe complication such as deep infection or neurologic
deterioration. Three patients experienced long-term pares-
thesia around nerve roots territory. Eighteen patients could
achieve good or excellent outcome based on modified Brod-
sky’s criteria and the improvement showed significant differ-
ence after surgery (p < 0.001). The blood loss and operative
time in the last 10 cases was significantly decreased while
comparing to the initial 10 cases (p ¼ 0.007 for blood loss and
p ¼ 0.005 for operative time). No significant difference in
clinical outcome which classified by Macnab criteria between
the initial and last 10 patients (p ¼ 0.654).

Conclusions: In our case series, good functional out-
come and low complication rate could be achieved by single-
stage posterior transpedicular approach. It could be an alter-
native method to manage the patients with metastatic spinal
tumors.

Keywords: posterior transpedicular approach, spinal
tumor, TM mesh cage, metastasis

GO341. Management of Spinal Degenerative Stenosis in
Patients with Spinal Tumors
Oleg Smekalenkov1, Dmitriy Ptashnikov1, Nikita Zaborovskii1,
Dmitriy Mihaylov1, Sergey Masevnin1
1Department of Spine Surgery and Oncology, Vreden Russian Research
Institute of Traumatology and Orthopedics, St. Petersburg, Russian
Federation

Introduction: The evolution of conservative treatment,
such as radiation therapy, chemotherapy has prolonged sig-
nificantly life expectancy of patients with spinal tumors.
Paradoxically, the complexity of decision making for this
patient population increased due to chronic disease manage-
ment. The purpose of our research is evaluation of health-
related quality of life (HRQOL) parameters in patients with
spinal tumors and degenerative spinal stenosis.

Material and Methods: Retrospective data were col-
lected for 17 patients with spinal tumors (multiple myeloma
(n ¼ 7), metastasis of breast cancer (n ¼ 5), renal cell carci-
noma (n ¼ 4), bladder cancer (n ¼ 1)). Inclusion criteria were
the following: spinal tumor lesions with 0–6 scores in Spinal
Instability Neoplastic Score (SINS), degenerative spinal steno-
sis with neurological deficit (Frankel grade C-D), unsuccessful
nonoperative treatment of degenerative disease (VAS 7–9).
According to revised Tokuhashi scoring system, patients were
divided into two groups. The first group included 11 patients
with 0–8 scores (good prognosis). The second group consisted
of 6 patients with 9–11 scores (moderate prognosis). All
patients underwent degenerative stenosis surgery using for-
aminotomy and instrumentalization. Groups were evaluated
with HRQOL-scales including VAS, ODI and Frankel. HRQOL-
parameters and complications were analyzed and compared
between two groups. The comparisons were done by using
independent sample Student t-test. A p-value of less than 0.05
was accepted as significant.

Results: HRQOL-scores (VAS, ODI, Frankel) of the pa-
tients were increased after operation in both groups. The
HRQOL-scores after 18 months are slightly higher in the first
group, but we did not get significant difference between
groups (p > 0.05). The number of complications in the form
of implant instability, proximal and distal junctional disorders

was comparable (p > 0.05). No patients had progression of
oncology disease or newmetastasis of tumorduring follow-up
in the first group. In the second group tumor came out of
remission in 1 case (new visceral and bone metastasis).

Conclusion: Management of spinal degenerative ste-
nosis in patients with spinal tumors provides to increase
quality of life. We believe that degenerative stenosis surgery
does not affect on progression of oncology disease.

GO342. Surgical Management of Spinal Osteoblastomas
Anne Versteeg1, Stefano Boriani2, Peter Pal Varga3, Alessandro
Luzzatti4, Michael Fehlings5, Mark Bilsky6, Laurence Rhines7,
Jeremy Reynolds8, Mark Dekutoski9, Zia Gokaslan10, Niccole
Germscheid11, Nicolas Dea12, Charles Fisher13
1Department of Orthopedic Surgery, University Medical Center
Utrecht, Utrecht, The Netherlands
2Unit of Oncologic and Degenerative Spine Surgery, Rizzoli Institute,
Bologna, Italy
3National Center for Spinal Disorders and Buda Health Center,
Budapest, Hungary
4Oncologia Ortopedica e Ricostruttiva del Rachide, Istituto Ortopedico
Galeazzi, Milan, Italy
5Division of Neurosurgery and Spine Program, Department of Surgery,
University of Toronto and Toronto Western Hospital, Toronto, Canada
6Department of Neurosurgery, Memorial Sloan Kettering Cancer
Center, New York, New York, United States
7Department of Neurosurgery, MD Anderson Cancer Center, The
University of Texas, Houston, Texas, United States
8Spinal Division, Oxford University Hospitals NHS Trust, Oxford, United
Kingdom
9The CORE Institute, Phoenix, Arizona, United States
10Department of Neurosurgery, The Warren Alpert Medical School of
Brown University, Providence, Rhode Island, United States
11Research Department, AOSpine International, Davos, Switzerland
12Division of Neurosurgery, Department of Surgery, Université de
Sherbrooke, Sherbrooke, Canada
13Division of Spine, Department of Orthopaedics, University of British
Columbia, and the Combined Neurosurgical and Orthopaedic Spine
Program at Vancouver Coastal Health, Vancouver, Canada

Introduction: Primary spinal osteoblastomas are rare
benign neoplasmswhich often behavemore aggressively than
other benign tumors and can present as malignant trans-
formations. Optimal surgical treatment strategies and risk
factors for local recurrence and mortality of spinal osteoblas-
tomas remain unclear. The aim of this multicenter cohort
study was to assess rates of local recurrence and mortality
following surgical intervention for spinal osteoblastomas and
to evaluate whether the application of the Enneking classifi-
cation in the management of these tumors influences local
recurrence and mortality.

Methods: The AOSpine Knowledge Forum Tumor de-
veloped a multicenter ambispective database of patients who
underwent surgical intervention for spinal osteoblastoma.
Patient demographic, diagnosis, treatment, cross-sectional
survival, and local recurrence data were collected. Patients
were analyzed in two cohorts based on the Enneking classifi-
cation of the tumor: Enneking appropriate (EA) and Enneking
inappropriate (EI). EA was defined by the final pathology
margin matching the Enneking recommended surgical mar-
gin, if otherwise, it was defined as EI.

Results: Between November 1991 and June 2012, a
total of 102 patients diagnosed with a spinal osteoblastoma
were identified. Twenty-eight patients were omitted from the
analysis due to insufficient follow-up (<12months) or incom-
plete survival data, leaving 74 patients for final analysis. The
mean follow-up was 4.3 � 2.8 years in the EI and 4.5 � 3.3
years in the EA group. Thirteen (18%) patients suffered a local
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recurrence and six (8%) patients died during the study period.
Local recurrence was strongly associated with mortality with
a relative risk of 9.4 (p ¼ 0.007). When adjusting for Enneking
appropriateness, the result was not significantly altered.
Significant differences were not found between the EA and
EI groups for local recurrence and mortality.

Conclusion: Upon evaluating the largest multicenter
cohort of spinal osteoblastomas to date, the application of the
Enneking classification as treatment guide for spinal osteo-
blastomas could not be confirmed. Considering the conse-
quences of a local recurrence and the strong association of
local recurrence with mortality even after adjusting for En-
neking appropriateness, en bloc or marginal resection is
nevertheless the recommended surgical treatment strategy
for spinal osteoblastoma.

GO343. Lumbo-iliac Reconstruction after Total Sacrectomy
JavierM Saavedra1, Jose L Buritica1, HumbertoMadrinan-Navia1,
Mauricio Riveros1, Marco Garcia1
1Department of Neurosurgery, Hospital Universitario Mayor, Mederi,
Bogota, Colombia

Introduction: Giant sacral tumors often require a
radical and extensive surgical approach. En bloc–sacrectomy
implies a surgical challenge for the anatomical stability of the
spino-pelvic joint. Different fusion approaches havebeen used
to address this situation. We describe the surgical technique
and summarize the clinical outcome after a total resection of
giant sacral tumors and a transpedicular lumbo-iliac fusion.

Material and Methods: Case report of three patients
who underwent an En-bloc sacrectomy between february of
2013 and February 2015. A combined extraperitoneal and
posterior approach was used headed by a multidisciplinary
surgical group of neurosurgeons, colorectal and plastic sur-
geons.We used a transperitoneal approach for anterior and
lateral tumor isolation and for sacral dissection from liga-
ments and muscle insertion sites. Subsequently a posterior
approach was used through which an L5-S1 diskectomy was
performed followed by lateral osteotomies for sacral wing
separation and bilateral S1 pedicle and laminae osteotomies
with intact preservation of S1 nerve roots. Then the dural sac
was ligated and the sacrumwas amputated.For reconstruction
of tumor site, a lumbo-iliac arthodesis was performed using
polyaxial bilateral pedicle screws in L3, L4, L5 and twobilateral
Transiliac Monoaxial screws. Vertical rods placed alongside
the spine bylaterally maintaining lorditic axis, Cross links to
connect the two vertical rods and Heterologous bone grafts
were used.

Results: The three patients underwent a successful en
bloc sacrectomy and lumbo-Iliac reconstructionwithout peri-
operative mortality and significant morbidity. Total tumor
resection was performed in the three patients. None of the
patients had gait disturbances after surgery. Patients were
followed 6 to 30months after surgery and at the final checkup
there were no local recurrence reported and no instrumenta-
tion failure were noted.

Conclusion: Lumbo-iliac reconstruction through screw
assisted transpedicular L3, L4, L5 and transiliac stabilization
system after total oncologic sacrectomy provided spino-pelvic
stability maintaining functional gait.

GO344. Malignant Osteolytic Lesions in the Sacrum (S1-S3)
Treated by Targeted Radiofrequency Ablation: A New
Option for Metastases in the Sacrum
Jacques Dominik Müller-Broich1, Tobias Kretschmar2, Marius
Porten1, Sadri Demukaj1, Guido Saxler1
1Department of Orthopedic Surgery, Hospital of Dormagen,
Dormagen, Germany
2Department of Oncology, Hospital of Dormagen, Dormagen,
Germany

Introduction: Sacral metastases and myelomatous le-
sions often result in debilitating pain and significant morbidi-
ty in patients with prolonged life expectancy. Radiation
therapy and cement augmentation are well described local
therapies for controlling cytokine mediated osteolytic bone
resportion and skeletal related events associated with meta-
static and myelomatous sacral lesions. Ablative therapy has
been reported in recent years as a minimally invasive therapy
permitting both local treatment of bone lesions and immedi-
ate stabilization, when followed with cement augmentation.
This case study reports multimodality minimally invasive
treatment of patient with multiple painful osteolytic lesions
using a novel articulating bipolar RF ablative therapy and an
ultrahigh viscosity cement.

Material and Methods: A 75-year-old-patient with
history of multiple myeloma and significant lumbar back
pain presented with diffuse lytic spinal disease throughout
the thoracolumbar and sacral spine. Following review by
multidisciplinary tumorboard, percutaneous targeted radio-
frequency ablation (t-RFA) was performed in T12-L4 and a
unilateral sacral lesion (S1-S3) using an articulated bipolar
electrode containing thermocouples to assess real time
growth of the ablation zone followed by delivery of ultrahigh
viscosity cement using RF energy warmed cement (RF-Tar-
geted Vertebral Augmentation, RF-TVA). Painwas demonstrat-
ed preoperatively with 9 using the visual analog scale for both
locations. On the first postoperative day painwas at 4(VAS), in
the 6 weeks control pain was at 2(VAS). At the 3 months
control pain was at 2(VAS).

Results: The combined approach of t-RFA and RF-TVA
in the sacrum was technically and clinically feasible with an
immediate pain reduction, improvement in quality of life and
functionality at 6weeks and 3months after the procedure and
no complications. CT performed 6 weeks post procedure
confirmed the absence of cement leakage.

Conclusion: t-RFA combined with RF-TVA of the sa-
crum can be safely and effectively performed via a single
access port resulting in significant palliative relief and func-
tional improvement. In combination these procedures may
provide an alternative palliative, minimally invasive treat-
ment option for painful osteolytic lesions in the sacrum(S1-
S3) requiring stabilization for patients in which radiation
therapy may not be an option.

GO345. Surgical Treatment of Solitary Spinal Plasmacytoma
Mohamed Abdel-Wanis1
1Department of Orthopaedics, Sohag Faculty of Medicine, Sohag,
Egypt

Introduction: Solitary plasmacytoma of the vertebra is
a rare condition. Treatment options include radiotherapy,
surgery, radiotherapy combined with surgery, and vertebro-
plasty or kyphoplasty. Although radiotherapy is the treatment
of choice for solitary plasmacytoma of the spine, recommen-
dations for treatment have been based on limited data from
retrospective studies.

Material and Methods: Thirteen patients of solitary
spinal plasmacytoma were treated at Sohag University
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Hospital between 2003 and 2014. Patients were 12 males and
1 female. Age ranged between 35 and 74 (mean 57.7) years.
Lumbar spinewas affected in 7 patients and thoracic spine in 6
patients. Pain was assessed on Denis pain scale. On presenta-
tion 8 patients had pain grade P5, 4 patients had pain grade P4
and 1 patient had pain grade P2. The Frankel grading system
was used to assess the neurologic outcome. On presentation, 6
patients had neurological deficits; 3 Frankel grade C, and 3
Frankel grade D. Indications for surgery included pathological
fracture (9 patients) and neurological compromise (6 pa-
tients). All patients received operation through a single pos-
terior exposure. The lesion was curetted and anterior
reconstructionwas achieved by spinal shortening (5 patients),
or anterior bone grafting (6 patients), and anterior reconstruc-
tion was not needed in 2 patients. Then posterior fusion was
performed. Radiotherapy began 3 weeks after the operation.

Results: All patients got neurological recovery to
Frankel grade E and improvement of pre-operative pain (6
patients to P1, 5 patients to P2 and 2 patients to P3). No local
recurrence occurred after follow up for 7–102 (mean 36.9).

Conclusion: Gross-total tumor resection on piecemeal
basis with post-operative adjuvant radiotherapy for solitary
plasmacytoma of the spine gives long-term local control of the
tumor. It can help to improve patient’s quality of life.

Deformity Thoracolumbar Adult 4

GO346. The Effect of Prophylactic Vertebroplasty on the
Incidence of Proximal Junctional Kyphosis and Proximal
Junctional Failure Following Long Posterior Spinal Fusion in
Adult Spinal Deformity: A Five-Year Follow-up Study
Tina Raman1, Khaled Kebaish1, Emily Miller1
1Department of Orthopaedic Surgery, Johns Hopkins, Baltimore,
Maryland, United States

Introduction: Proximal junctional kyphosis (PJK) is a
well-known complication following long posterior spinal
fusion (PSF) for adult spinal deformity and occurs in 9–46%
of surgeries. A subset of these develop proximal junctional
failure, resulting in a 26–39% revision rate within the first six
months postoperatively. Risk factors for development of PJK
include age > 55, osteopenia, and global sagittal imbalance.
We have previously described a technique for prophylactic
vertebroplasty to minimize the incidence of PJF/PJK for long-
segment thoracolumbar fusion surgery. Here, we present the
results of this technique at five year follow-up.

Material and Methods: We reviewed clinical and ra-
diographic data for 41 adult patients treated with PSF that
received prophylactic vertebroplasty at the upper instru-
mented vertebra and supra-adjacent vertebrae. PJK was de-
fined as a change in the PJK angle �10 degrees between the
immediate post-operative and the final follow-up radiograph.
PJF was defined as proximal junctional fracture, fixation
failure, or kyphosis that required extension of the fusion.

Results: There were 5 males and 36 females. Average
age at the time of initial surgerywas 65.6 years (range, 41–87).
33 patients had completefive year follow-up radiographic and
clinical data available and were included in the analysis. The
average follow-up was 72.3 months (range, 34–124). 30.3%
developed PJK (10/33), not requiring revision surgery. 9.1%
developed PJF (3/33) requiring revision surgery, and extension
of fusion. Of the three patients that developed PJF requiring
revision surgery, none had junctional fractures that could
explain the PJF. One developed PJF within six weeks of the
initial surgery, one three years after, and one five years after.
None of the 33 patients had evidence of vertebral fractures
adjacent to cement augmented vertebrae. Health related
quality of life (HRQoL) data was available for 30 patients at

five year follow-up. There was no significant difference in
Oswestry Disability Index, Short Form 36, or SRS-22 scores
between those with and without PJK/PJF (P > 0.05 for all
comparisons). Mean coronal alignment was comparable be-
tween patients who developed PJK/PJF (19 mm) and those
who did not (20mm) (p ¼ 0.64). Mean sagittal alignment was
more positive in patients who developed PJK/PJF (97 mm)
compared with those who did not (79 mm), but this was not
significant (p ¼ 0.42). There were no significant differences in
thoracic kyphosis (p ¼ 0.39) or lumbar lordosis (p ¼ 0.93)
between the two groups.

Conclusion: The incidence of PJK was 30.3% and the
incidence of PJF was 9.1% at five year follow-up. Therewere no
junctional fractures in this population, and no clinically
significant long term complications from the use of vertebro-
plasty. Prophylactic vertebroplasty in long PSF for adult spinal
deformity is a safe and effective method to minimize the
incidence of PJF.

GO347. Incidence, Predictors and Post-Operative
Complications of Blood Transfusion in Thoracic and Lumbar
Fusion Surgery: An Analysis of 14,249 Patients from the ACS-
NSQIP Database
Ahmed Aoude1, Anas Nooh1, Maryse Fortin1, Sultan
Aldebeyan1, Peter Jarzem1, Jean Ouellet1, Michael H. Weber2
1Department of Orthopaedics, McGill University, Montreal, Canada
2McGill Spine and Scoliosis Research Group, Faculty of Medicine,
McGill University, Montreal, Canada

Introduction: Hemorrhage and transfusion require-
ments in spine surgery are common. This is especially true
for thoracic and lumbar fusion surgeries. There is limited data
in the literature concerning predictive factors for transfusion
and their effect on short-term post-operative outcomes.

Material and Methods: The American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP) databasewas used to identify patients that underwent
lumbar or thoracic fusion surgery from 2010 to 2013. Univar-
iate and multivariate regression analysis was used to deter-
mine predictive factors and post-operative complications
associated with transfusion.

Results: A total of 14,249 patientswere included in this
study; 13,586 had lumbar fusion and 663 had thoracic fusion
surgery. The prevalence of transfusion was 35% for thoracic
fusion and 17.5% for lumbar fusion. The multivariate analysis
showed that age between 50–60 (OR 1.38, CI: 1.23–1.54), age
between 61–70 (OR 1.65, CI: 1.40–1.95), dyspnea (OR 1.11, CI:
1.02–1.23), hypertension (OR 1.14, CI: 1.02–1.27), ASA class
(OR 1.73, 1.18–1.45), pre-operative blood transfusion (OR
1.91, CI: 1.04–3.49), and extended surgical time (OR 4.51,
CI: 4.09–4.98) were predictors of blood transfusion require-
ments for lumbar fusion. While only pre-operative BUN (OR
1.04, CI: 1.01–1.06) and extended surgical time (OR 4.70, CI:
3.12–6.96) were predictors of transfusion for thoracic fusion.
In contrast, higher pre-operative hematocrit was protective
against transfusion. Patients transfused who underwent lum-
bar fusion had an increased risk to develop superficial wound
infection, deep wound infection, venous thromboembolism,
myocardial infarction and had longer length of hospital stay.
Patients transfused who underwent thoracic fusion were
more likely to have venous thromboembolism and extended
length of hospital stay. However, mortality was not associated
with blood transfusion.

Conclusion: This study used a large database to char-
acterize the incidence, predictors and post-operative compli-
cations associated with blood transfusion in thoracic and
lumbar fusion surgeries. Pre- and post-operative planning
for patients deemed to be at high-risk of requiring blood
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transfusion should be considered to reduce post-operative
complication in this population.

GO348. Predictors of NeurologicalMotor Decline in Complex
Adult Spinal Deformity Surgery: Results of the Prospective,
International, Multicenter Scoli-RISK-1 Study
Michael Fehlings1, Lawrence Lenke2, Hiroaki Nakashima1,
Narihito Nagoshi1, Christopher Shaffrey3, Branko Kopjar4,
Kenneth M. C. Cheung5, Leah Carreon6, Mark Dekutoski7, Frank
Schwab8, Oheneba Boachie-Adjei9, Khaled M. Kebaish10,
Christopher Ames11, Yong Qiu12, Yukihiro Matsuyama13, Benny
T. Dahl14, Hossein Mehdian15, Ferran Pellisé-Urquiza16, Stephen
Lewis1, Sigurd H. Berven17
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Washington University School of Medicine, St. Louis, Missouri, United
States
3Department of Neurological Surgery, University of Virginia,
Charlottesville, Virginia, United States
4Department of Health Services, University of Washington, Seattle,
Washington, United States
5University of Hong Kong, Hong Kong, China
6Norton Leatherman Spine Center, Louisville, Kentucky, United States
7The CORE Institute, Phoenix, Arizona, United States
8New York University, Hospital for Joint Diseases, New York, New York,
United States
9Hospital for Special Surgery, New York, New York, United States
10John Hopkins University, Baltimore, Maryland, United States
11University of California, San Francisco, San Francisco, California,
United States
12Affiliated Drum Tower Hospital of Nanjing University Medical
School, Nanjing, China
13Hamamatsu University School of Medicine, Hamamatsu, Japan
14Rigshospitalet, Copenhagen, Denmark
15University Hospital, Queen’s Medical Center, Nottingham, United
Kingdom
16Hospital Universitari de la Vall d’Hebron, Barcelona, Spain
17UCSF Medical Center, San Francisco, California, United States

Introduction: Significant variability in neurologic out-
comes following surgical correction for ASD has been re-
ported. Risk factors for decline in neurologic motor
outcomes are poorly understood. The objective of this pro-
spective, multicenter, international cohort study in 15 sites is
to evaluate the incidence and risk factors for postoperative
neurological motor decline in patients undergoing surgery for
complex adult spinal deformity (ASD).

Material and Methods: From September 2011 to Octo-
ber 2012, 273 consecutive patients were prospectively en-
rolled. One patient lacked baseline ASIA lower extremity
motor score (LEMS), and one patient did not have follow-up
LEMS leaving 271 (99.27%) subjects for analysis. Decline in
neurologic motor outcomes was defined as deterioration in
any of discharge or 6 weeks American Spinal Injury Associa-
tion (ASIA) Lower Extremity Motor Scores (LEMS) compared
with pre-operative status. To identify risk factors associated
with decline in LEMS, two step statistical analysis was per-
formed. First, 128 candidate variables consisting of demo-
graphics, comorbidities, treatment history, disease severity,
radiologic parameters and surgical details were screened in
bi-variate models. Then, 53 variables that had a p-value of 0.2
or lesswere included in amultivariate logistic stepwisemodel.

Results: 70 (25.93%) patients showed decline and 200
(74.07%) had no decline in LEMS. Of those with a decline, nine
patients (overall rate of 3.33%) had a severe deterioration
of > 10 points on LEMS scale. Key factors associated with
postoperative neurological deterioration included older age,
non East Asian ethnicity, cardiovascular disease, preoperative

motor weakness, kyphosis on T12 – S1, focal severe deformity
angle, pedicle subtraction osteotomy, thoracic level fusion and
intraoperative motor evoked potential change.

Conclusion: Although complex ASD surgery can en-
hance the quality of life of adult patients with severe defor-
mity, a significant portion of patients with ASD experience a
postoperative decline in LEMS. The risk factors identified in
this study are useful to help clinicians to anticipate and
potentially develop strategies to reduce the risk of postopera-
tive neurologic complications.

GO349. Defining Normative Quality Metrics in Complex
High-Risk Deformity Cases: Results from the Scoli-Risk 1
Study
Sigurd Berven1, Rajiv Saigal2, Virginie Lafage3, Michael Kelly4,
Branko Kopjar5, Justin Smith6, Benny Dahl7, Kenneth Cheung8,
Leah Carreon9, Frank Schwab10, Kathrin Espinoza-Rebmann11,
Christopher Shaffrey6, Michael Fehlings12, Lawrence Lenke13,
Christopher Ames2
1Department of Orthopaedic Surgery, UC San Francisco, San
Francisco, California, United States
2Department of Neurological Surgery, UC San Francisco, San
Francisco, California, United States
3Department of Orthopaedic Surgery, Hospital for Special Surgery,
New York, New York, United States
4Washington University, St. Louis, Missouri, United States
5Department of Health Services, University of Washington, Seattle,
Wasgington, United States
6Department of Neurological Surgery, University of Virginia,
Charlottesville, Virginia, United States
7Department of Orthopaedic Surgery, University of Copenhagen,
Copenhagen, Denmark
8Department of Orthopedics and Traumatology, The University of
Hong Kong, Hong Kong, China
9Norton Healthcare, Inc., Louisville, Kentucky, United States
10Department of Clinical Orthopaedic Surgery, Weill Cornell Medical
School, New York, New York, United States
11AO Clinical Investigation and Documentation, Dübendorf,
Switzerland
12Department of Surgery, University of Toronto, Toronto, Canada
13Department of Orthopedic Surgery, Columbia University College of
Physicians and Surgeons, New York, New York, United States

Introduction: Quality metrics are a component of the
value calculation, and reflect the risk of care. There is signifi-
cant variability in complication rates, and quality metric
standards in spinal surgery. Case complexity or surgical
invasiveness is an important predictor of perioperative com-
plications, and normative standards for qualitymetrics should
be stratified by case complexity. The purpose of this study is to
define normative quality metrics for complex, high-risk spinal
deformity cases, and to provide a standard and baseline data
that may guide quality improvement in comparative research.

Material and Methods: Secondary analysis of a pro-
spective, internationalmulticenter observational study (Scoli-
Risk1) The study cohort included adults with spinal deformity
in the cervicothoracic or thoracolumbar regions. Quality
metrics include cumulative readmission and reoperation rates
(30, 90, 180 days), wound infection, and DVT rates. Chi Square
analysis is used to measure the relationship between osteot-
omy type and readmission and reoperation. Linear regression
is used to determine the association of age and procedurewith
readmission and reoperation.

Results: 273 patients from the Scoli-Risk 1 study were
included in the analysis. Cumulative readmission rates were
7.7 (4.8;11.5), 13.2 (9.4;17.8), 16.5 (12.3;21.4) percent at 30,
90 and 180 days after index surgery. Reoperation rates were
14.7 (10.7;19.4), 17.6 (13.3;22.6), 20.1 (15.6;25.4) percent at
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30, 90 and 180 days after index surgery. Age was a significant
predictor of readmission during the first 180 days after
surgery (OR1.388 (1.068;1.803)), but not a significant predic-
tor of the need for reoperation (OR=1.109 (0.903;1.361)).
Osteotomy type (PSO/VCR vs SPO) was not a significant
predictor of the need for readmission (p ¼ 0.986) or reopera-
tion (p ¼ 0.753). The overall infection ratewas 7.0%, including
3.3% deep infections. The rate of DVT was 3.7%.

Conclusion: Normative quality metrics are not estab-
lished for complex deformity surgery in adult patients. This
paper demonstrates that readmissions and reoperations in
complex spinal reconstruction in adults occur at a higher rate
than expected rates in less complex spine procedures. Age is
an important independent predictor of readmission, but not
the need for reoperation. For each decade older, patients are
1.4 times more likely to be readmitted within 6 months of
surgery. This data may be useful to provide normative data for
comparative studies of surgical outcomes with similar mag-
nitude of deformity treated with operations of comparable
invasiveness.

GO350. Correlation between Lumbopelvic and Sagittal
Param- eters and Health Related Quality of Life in Adults
with Lumbosacral Spondylolisthesis
Yazeed Gussous1, Alekos Theologis1, Joshua Demb1, Sigurd
Berven2
1UCSF, San Francisco, California, United States
2Department of Orthopedics, University of California San Francisco,
San Francisco, California, United States

Introduction: The impact of sagittal plane imbalance
has been demonstrated for adult deformity and pediatric
spondylolisthesis. The association between lumbopelvic
parameters, global sagittal balance, and health status has
not beenwell-defined in adultswith lumbosacral spondylolis-
thesis. The role for deformity reduction in lumbosacral spon-
dylolisthesis in the adult has not been well-defined. The
purpose of this study is to evaluate the impact of sagittal
alignment and lumbosacral parameters on health status in
adults with L5-S1 spondylolisthesis.

Methods: Secondary analysis of data from a multicen-
ter, prospective study. Health status measures included SF-12
and SRS-30. Radiographic predictor variables included: C7
sagittal vertical axis deviation (SVA), T1 and T9 spinopelvic
inclinations, pelvic tilt (PT), pelvic incidence (PI), sacral slope
(SS), slip angle,Meyerding slip grade, and Labele classification.
Pearson’s correlations were calculated between each radio-
graphic parameter and health status measure.

Results: Forty-five patients were included (male 15,
female 30; average age 40.5� 18.7) as summarized in Table 1.
For low-grade slips, SVA had strong negative correlationswith
SF12-MCS, SRS-30 appearance, mental, and satisfaction do-
mains (-0.57, -0.60, -0.58, -0.53, respectively; p < 0.05). PI had
strong negative correlations with SRS-30 total, mental, and
subscore domains (-0.57, -0.53, -0.57, respectively; p�0.05).
SS also had a strong negative correlation with SF12-MCS
(-0.61; p ¼ 0.02), while thoracic kyphosis had a strong posi-
tive correlation with SRS-activity (0.62; p ¼ 0.02). For high-
grade slips, slip angle had a moderate negative correlation
with SF12-MCS (-0.36; p ¼ 0.05). SVA had strong negative
correlations with SF12-PCS, SRS-30 appearance, activity do-
mains (-0.48, -0.48, 0.45; p < 0.05) and a moderate negative
correlationwith SRS-30 subscore (-0.37; p < 0.05). T1PI had a
moderate negative correlation with SF12-PCS and SRS-22
appearance (-0.37, -0.36; p�0.05).

Conclusion: Lumbosacral spondylolisthesis in adults
negatively impacts mental and physical HRQoL. While HRQoL
are similar between patients with low- and high-grade slips,

multiple global and local radiographic sagittal parameters
negatively impact HRQoLs for both groups. Improvement of
global sagittal balance and lumbopelvic parameters in adults
with lumbosacral spondylolisthesis may be useful in improv-
ing health status in adults.

GO351. Recovery Pattern in Surgical Management of Late
Onset Myelopathy Due to Spinal Deformity
Amandeep Gujral1, Mihir Bapat1, Susmit Naskar1
1Department of Orthopaedics, Kokilaben Dhirubhai Ambani Hospital,
Mumbai, Maharashtra, India

Introduction: Late onset paraplegia due to spinal de-
formity heralds a progressive death of neurological function.
Evidence suggests that decompression and deformity correc-
tion offers a promising result.

Aims: To analyze recovery patterns after surgery for
late onset myelopathy.

Methods: 25 consecutive patients were reviewed. Av-
erage age was 17.84yrs and duration of pre-operative deficit
was 4.6months. 18 patients had paraparesis and 7 quadripa-
resis. The average JOA score was 4.85/17 in quadriparetic and
5.33/11 in paraparetic patients. The average Nurick’s grade
was 2.7.The average spasticity was 2.2 (1- 4) as per Ashworth
scale. 13 patients had bladder dysfunction. Deformity apex
was cervical, cervico-dorsal, upper-dorsal and dorsal in 5, 4, 2
and 14 patients. 19 had kyphosis and 6 had multi-planar
deformity. Vertebral resection osteotomywasperformed in 13
and decompression alone in 12. Methodology: The records
were obtained from software Horizon CSR used to register all
patients form2000–2009. Thefinal follow-upwas obtained by
direct patient interview in 11, telephonic interview 5 and via
email in 9.

Results: At 1year, significant improvement in JOA
scoreswere seen recovery patters. Of the2 patients, 2 patients,
14 had immediate recovery (4Weeks), delayed recovery (4 -12
Weeks) was seen in 9 patients and 2 patients developed
deterioration after surgery. Out of the 13 patients with
bladder dysfunction, 2 developed worsening post surgery.
Average Nurick’s grade improved from 2.7 to 2.3. Complica-
tions: Pulmonary complications developed in 5 patients, 4
patients had wound dehiscence, 2 patients showed Myelopa-
thy progression, 1 patient developed Brachial plexus paresis
and progression of deformity was observed in 6 patients.

Conclusions: (1) Severity and duration of pre operative
deficit correlate with neurological outcome (correlation coef-
ficient(r value) ¼ 0.72). (2) Safe correction of deformity pro-
vides a better mechanical and physiological environment for
lasting results.
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Table 2

Total Low grade High grade P-value

N 45 14 31 n/a

Age 40.5 � 18.7 51.9 � 17.6 35.3 � 16.9 <0.01

Gender

Male 15 5 10

Female 30 9 21

Meydering Grade

1 0 0 n/a n/a

2 14 14 n/a n/a

3 20 n/a 20 n/a

4 9 n/a 9 n/a

5 2 n/a 2 n/a

Labele*

1 0 0 n/a n/a

2 1 1 n/a n/a

3 12 12 n/a n/a

4 16 n/a 16 n/a

5 13 n/a 13 n/a

6 1 n/a 1 n/a

Radiographic

PI 79.6 � 10.7 79.4 � 11.0 79.7 � 10.7 0.94

SS 50.7 � 10.3 49.5 � 9.2 51.2 � 10.9 0.63

PT 29.5 � 6.2 29.9 � 6.6 29.2 � 6.2 0.74

LL 66.6 � 16.0 62.2 � 16.9 68.7 � 15.4 0.21

TK 44.5 � 11.0 49.5 � 8.2 42.2 � 11.4 0.04

SVA 26.0 � 51.4 20.2 � 55.3 28.7 � 50.4 0.61

Slip angle 5.5 � 14.5 -4.26 � 7.8 9.8 � 14.7 <0.01

T1PI -5.7 � 3.9 -5.9 � 4.4 -5.6 � 3.7 0.83

T9PI -8.6 � 4.9 -10.5 � 4.2 -7.7 � 5.0 0.08

Outcomes

SF-12

PCS 36.4 � 8.1 34.4 � 8.8 37.3 � 7.6 0.28

MCS 47.9 � 11.5 46.5 � 10.4 48.5 � 24.4 0.58

SRS-30

Pain 2.5 � 0.8 2.2 � 0.6 2.6 � 0.8 0.08

Appearance 2.9 � 0.7 3.0 � 0.9 2.8 � 0.6 0.55

Activity 2.9 � 0.8 2.7 � 0.9 3.0 � 0.8 0.19

Mental Health 3.4 � 0.9 3.3 � 0.9 3.5 � 0.9 0.46

Subscore 2.9 � 0.6 2.8 � 0.7 3.0 � 0.6 0.29

Satisfaction 3.0 � 1.3 3.0 � 1.5 3.0 � 1.3 0.84

Total 2.9 � 0.6 2.8 � 0.7 3.0 � 0.6 0.37

Abbreviations: LL, lumbar lordosis; MCS, mental component score; PCS, physical component score; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope;
SVA, sagittal vertical axis deviation; T1PI, T1 pelvic inclination; T9PI, T9 pelvic inclination; TK, thoracic kyphosis.
*2 patients without Labele classification.
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GO352. The Prevalence of Vitamin D deficiency in Elective
Spine Surgery: A Study in Three Orthopaedic Centers
Panagiotis Diaremes1, Evangelos Christodoulou1, Gerrit
Stephen Maier2, Uwe Martin Maus2, Charalampos
Matzaroglou3, Philipp Drees4, Konstantinos Kafchitsas1
1Department of Spinal Surgery, Asklepios Clinic Lindenlohe, Germany,
Schwandorf, Germany
2University Hospital of Orthopaedic Surgery, Pius-Hospital, Oldenburg,
Germany
3Department of Physiotherapy, Technological Educational Institute of
Western Greece, Patras, Greece
4Department of Orthopaedic Surgery, Johannes-Gutenberg-University,
Mainz, Germany

Introduction: Decreased bone mineral density due to
osteoporosis and osteomalacia pose a significant risk for
instrumentation failure and adjacent fractures in elective
spinal surgery. The purpose of this study was to evaluate
serum levels of 25hydroxyvitamin D (25OH D) in patients
presenting for elective spine surgery and to determinewheth-
er patients with degenerative spinal disease and spinal insta-
bility need a perioperative treatment with Vitamin D
substitution.

Material and Methods: Serum 25-OH vitamin D levels
were evaluated postoperatively (<72 hours) in patients un-
dergoing elective spinal fusion in three orthopaedic centers, in
Germany and in Greece. Patients with diagnosis of spinal
instability as well as with degenerative spine disease were
treated with spinal fusion.

Results: 369 consecutive patients (mean, 68.3 � 15.4
years) were admitted for elective spine surgery. Mean 25-OH
vitamin D level was 19,44 � 11,52 ng/mL (range, 4–71,8 ng/
mL). 228 (62.0%) patients were diagnosed with vitamin D
deficiency and 87 (38.9%) were diagnosed with vitamin D
insufficiency (20–30 ng/mL). There was no statistically signif-
icant difference between men and women. There was also no
significant difference between the patients of the three
centers.

Conclusion: Vitamin D deficiency is very common in
patients with spinal instability as well as with degenerative
spine disease. Therefore an algorithm of treatment as well as a
preoperative control of the VitaminD values is required before
spine fusion surgery is performed, to enhance bone mineral
density and thus better pedicle screw fixation.

GO353. Unilateral Approach for Bilateral Microsurgical
Decompression of Lumbar Spinal Stenosis: Synopsis of 15
Years of Experience with This Surgical Method
Uwe Spetzger1
1Department of Neurosurgery, Klinikum Karlsruhe and Karlsruhe
Institute of Technology, Karlsruhe, Germany

Introduction: The surgical aim in the treatment of
symptomatic lumbar spinal stenosis is the relief of the pa-
tient's complaints by an adequate neural decompression. In a
preliminary cadaver study the unilateral laminotomy for
bilateral access to the lumbar spinal canal was investigated,
and the experiences were evaluated in a clinical study.

Material and Methods: Microsurgical decompression
was performed by partial resection of the ipsilateral facet, the
medial portion of the laminar arch, the contralateral facet and
by complete removal of the ligamentum flavum bilaterally.
Anatomical, radiological and morphometrical studies on 4
adult cadaver spine specimens have proved the feasibility of
this unilateral approach. Complete bilateral flavectomy and
partial bilateral facetectomy were the essential surgical steps

for an adequate operative decompression. The clinical practi-
cability in the treatment of lumbar spinal stenosiswas initially
confirmed in 254 patients.

Results: The postoperative morphometric evaluation
in the cadaver study clearly demonstrates that bilateral liga-
mentectomy and recess decompression were adequately and
successfully achieved via unilateral approach. The clinical
evaluation of this technique was performed in 254 patients
with symptomatic mono- or multisegmental lumbar stenosis.
Postoperatively, 229 of the 254 patients with neurogenic
claudication (90.2%) demonstrated a marked improvement
of the walking distance. The follow-up of 249 patients (mean
follow-up time was 37 months) demonstrated an excellent
result without pain in 77 patients (30.9%); a good outcome
withmild residual pain, but a normal working capacity in 130
patients (52.2%); and a fair outcome with unchanged postop-
erative low-back pain but markedly improved working capac-
ity andwalking distance in 41 patients (16.4%). Therewas only
one patient with surgically induced, permanent neurological
deterioration (0.5%). In nine patients, an inadvertent dural tear
occurred, and due to unchanged symptoms three patients
with amultisegmental stenosis had to be re-operated on at an
additional level. During the past 15 years the author has
experience with this method in over 1600 microsurgical
decompression procedures.

Conclusion: Unilateral laminotomy and bilateral spinal
canal decompression represents a safe, effective andminimal-
ly invasive surgical method and meanwhile is a routine
microsurgical strategy for the treatment of patients with
lumbar spinal stenosis.

AGO354. Adjacent Segment Degeneration after Lumbar
Spinal Fusion Compared with Motion-Preservation
Procedures: A Meta-analysis
Yong Hai1, Aixing Pan1
1Department of Orthopedic Surgery, Beijing Chaoyang Hospital,
Capital Medical University, Beijing, China

Introduction: Adjacent segment degeneration (ASDeg)
or adjacent segment disease (ASDis) is a matter of concern
after lumbar fusion. Whether the motion-preservation pro-
cedures could reduce the prevalence of ASDeg or ASDis is still
controversial. This meta-analysis aimed to evaluate the effi-
cacy of motion-preservation procedures preventing the AS-
Deg or ASDis compared with fusion in lumbar spine.

Methods: PubMed, Embase, the Cochrane Library
were comprehensively searched and a meta-analysis was
performed of all randomized controlled trials (RCTs) and
well designed prospective or retrospective comparative co-
hort studies assessing the lumbar fusion and motion-preser-
vation procedures. We compared the ASDeg/ASDis rate,
reoperation rate, operation time, blood loss, length of hospital
stay and VAS/ODI improvement of the two procedures.

Results: A total of 15 studies consisting of 1474 pa-
tientswere included in this study. Themeta-analysis indicated
that the prevalence of ASDeg, ASDis and reoperation rate on
the adjacent level were lower in motion-preservation proce-
dures group than in the fusion group (p ¼ 0.001;p ¼ 0.0004;
p < 0.0001). Moreover, shorter length of hospital stay was
found inmotion-preservation procedures group (p < 0.0001).
No differencewas found in terms of operation time (p ¼ 0.57),
blood loss (p ¼ 0.27), VAS (p ¼ 0.76) and ODI improvement
(p ¼ 0.71) between the two groups.

Conclusions: The present evidences indicated that the
motion-preservation procedures had an advantage on reduc-
ing the prevalence of ASDeg, ASDis and the reoperation rate
due to the adjacent segment degeneration compared with the
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lumbar fusion. And the clinical outcomes of the two proce-
dures are similar.

GO355. Anterior Lumbar Interbody Fusion (ALIF):
Biometrical Results and Own Experiences
Bartosz Kapustka1, Chodakowski Pawel1, Grzegorz Kiwic1,
WieslawMarcol1, TomaszWysokinski1, Krzysztof Paruzel1, Zofia
Slosarek1
1Department of Neurosurgery, 2nd Provnicial Hospital, Jastrzebie,
Zdrój, Poland

Introduction: Lumbar fusion is a mainstay in the
treatment of low back pain resulting from degenerative disc
disease. Of the various fusion techniques available, anterior
lumbar interbody fusion (ALIF) has become a good treatment
technique to achieve this goal. Our aims were to describe our
experience with lumbosacral ALIF performed in cooperation
of neurosurgeons and vascular surgeons and analysis of
improvement in function and a biometrical aspects.

Material and Methods: From 2011–14, 33 patients
underwent ALIF, 45 were identified as having a single level
procedure at L5-S1 from a mini-open retroperitoneal ap-
proach. The cases were reviewed to determine fusion status,
incidence of complications and length of stay. Disc space
heights were determined using a ratio of disc space height
to superior end plate length. For each treatment group,
anterior and posterior disc space measurements were collect-
ed on a lateral radiograph and averaged to obtain a measure
for disc space height. Statistical analysis was performed using
Statistica 8.0.

Results: The average length of hospitalization was 4
days. Most of patients had spinal cord stenosis. 3 patients had
early complications like parestesis of lower limbs, but there
were nomajor complications. Blood losswas less than 75 cc in
all cases. The SynFix-LR implants were used for all - average
size 12,31 mm and angle 11,61. The pre-op angle of lordosis
was 12,3° and post-op þ8,9° added. The average disc space
before treatment was 10 mm and after þ7,17mm added.

Conclusion: The mini-open ALIF approach for L5-S1
fusion is a reasonable alternative to the more extensive
posterior approaches. Although no direct comparison with
the more extensive approach has been performed, our initial
experience suggests that this procedure may reduce pain,
blood loss, complications and length of hospital stay. ALIF
significantly restores the height of the intervertebral disc and
provides stability. Based on these results, it would appear that
in properly selectedpatients ALIFwith neurosurgeon-vascular
surgeon cooperation raises the standard of comparison for
nonfusionmethodologieswith regards to short and long-term
pain relief and functional recovery.

GO356. Spondyloptosis Reduction and Fixation in 25-Year-
Old Male
Omar Refai1
1Department of Orthopedics and Trauma, Assiut Medical School,
Assiut, Egypt

Introduction: Spodyloptosis is a quite difficult situa-
tion to be confronted with. All it is solutions are very chal-
lenging ranging from non-anatomical insitu fusion to hard
and hazardous anatomical reorientation.

Material and Methods: Male patient 25 years old with
spodyloptosis of L5 vertebral body was treated all from
posterior by disc exaction, nerve release, reduction and fixed
with transpedicular screws augmented by S2 iliac screws.

Results: Reasonable reduction of L5 over S1 was
achieved from the posterior aspect and realignment of the
spine with good fixation.

Conclusion: Still reduction of spodyloptosis from pos-
terior is ideal option in treatment with attention for the neural
tissues and good release and fixation.

GO357. Use of Neuropathic Pain Questionnaires in
Predicting the Development of Failed Back Surgery
Syndrome Following Lumbar Discectomy for Radiculopathy
Mohammed Shamji1, Alina Shcharinsky1
1Division of Neurosurgery, Toronto Western Hospital, Toronto,
Canada

Objective: Failed back surgery syndrome has been
historically used to describe extremity neuropathic pain in
lumbar disease despite structurally corrective spinal surgery.
It is unclear whether specific preoperative pain characteristics
predict patients prone to such postoperative disabling symp-
toms. Clinical predictors of patients unlikely to improve
following surgical intervention has significant implications
on patient selection to undergo spinal surgery.

Methods: This prospective study analyzed consecutive
surgical microdiscectomy patients treated for lumbar degen-
erative painful radiculopathy. Clinical parameters included
general demographics, preoperative and postoperative clini-
cal examination, self-reported pain and disability scores, and
neuropathic pain scoring. The neuropathic pain screening
tests used in this study were the Douleur Neuropathique 4
(DN4) and Leeds Assessment of Neuropathic Symptoms and
Signs (LANSS), with correlation tested using Spearman’s cor-
relation coefficient for ordinal score and screen positivity.
Multiple logistic regression analysis was used to define pre-
dictors of postoperative symptomatology.

Results: Twelve percent of the 250 surgical radiculop-
athy patients underoing microdiscectomy experienced per-
sistent postoperative neuropathic pain (PPNP) with only
modest if any relief of leg pain. The condition was highly
associated with abnormal preoperative screens for neuro-
pathic pain, but not gender, smoking status, or preoperative
pain severity (α=0.05). Good correlationwas seen between the
two screening tests used in this study for both absolute ordinal
score (Spearman’s ρ=0.84, p < 0.001) and thresholding for
terming the patient as having neuropathic pain features
(Spearman’s ρ=0.48, p < 0.001). Younger age at treatment
also correlated with a higher likelihood of developing PPNP
(p ¼ 0.03). With regards to predictive value, the positive and
negative predictive values for FBSS are 40% and 97% for the
DN4 and 70% and 96% for the LANSS respectively.

Conclusion: This cohort of surgical patients was evaluat-
ed using validated neuropathic pain screening tools to under-
stand the presence of these features among lumbar
radiculopathy patients. Good correlation was seen between
both DN4 and LANSS screening tools, suggesting that neuro-
pathic pain diagnosis does exist among a surgical cohort of
lumbar radiculopathy patients, with further findings that ex-
ceeding established threshold values portends worse prognosis
for postoperative recovery. These findings will better inform
both patient and surgeon with regards to surgical expectations
and decision-making for cases where neuropathic pain features
exist, and screening for such diagnosis is recommended in a
complete evaluation of the spine surgical patient.
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GO358. Maximal Access Surgery for Posterior Lumbar
Interbody Fusion (PLIF) with Divergent, Cortical Bone
Trajectory (CBT) Pedicle-screws: a Good Option for
Minimizing Spine Access andMaximizing the Field for Nerve
Decompression. Our Experience in a Case Series
Michele Federico Pecoraro1, Nicola Marengo1, Giovanni
Vercelli1, Francesco Zenga1, Diego Garbossa1, Alessandro
Ducati1
1Department of Neurosurgery, University of Torino, Torino, Italy

Introduction: First advocated by Santoni et al. in 2009,
the cortical bone trajectory (CBT) pedicle screw technique is
an alternative to the traditional, convergent technique that
shows comparable biomechanical features and potentially
requires less aggressive tissue retraction. Aim of this thera-
peutical note is to describe this new technique focusing on
main advantages and limitations.

Material and Methods: The authors provide a detailed
description of the surgically relevant anatomy focusing on the
positioning of the cortical trajectory screws. The surgical
technique is then described in a precise step-by-step manner,
stressing complication avoidance.

Results and Conclusion: The maximal access surgery
PLIF approach is a safe, reproducible procedure allowing for a
traditional lumbar spine approach with the benefits of mini-
mal facet joint manipulation and potentially preserving part
of their neural innervation and a large part of the paraspinous
musculature. A dedicated self-retaining retractor and direc-
tional neuromonitoring may guide surgeons during the pro-
cedure. Nevertheless, the surgeon’s knowledge of anatomical
landmarks, response to visual and tactile cues and intra-
operative decision-making skills remain of paramount
importance.

GO359. Extreme Lateral Interbody Fusion Using Bone
Marrow Aspirate Combined with a Porous Hydroxyapatite/
Collagen Composite
Makoto Yoshida1, Keiji Fujio1
1Department of Orthopaedics, Kansai Electric Hospital, Osaka, Japan

Introduction: Extreme lateral interbody fusion (XLIF)
has been popular as a safe and reproducible method to obtain
minimally invasive anterior spinal fusion. Autogenous bone,
commonly from the iliac crest, constitutes ideal grafting .
However, the amount of iliac crest bone available is limited
and its harvesting is associated with significant donor site
morbidity. Recently a porous hydroxyapatite/collagen (HAp
/Col) composite has been developed as a substitute for con-
ventional corticocancellous autografts. The aim of this study is
to investigate the efficacy of a porous HAp /Col composite for
XLIF.

Material and Methods: From November 2011, 15 con-
secutive patients (21 levels) underwent XLIF for lumbar

degenerative diseases. In all cases, titanium cages filled with
hybrid grafts using bone marrow aspirate (BMA) combined
with a porous HAp/Co composite were inserted as interverte-
bral spacers and supplementary stabilization with posterior
instrumentation were performed. In 4 cases (4 levels) pedicle
screws (PS) were inserted unilaterally, and in 11 cases (17
levels) PSwere inserted bilaterally. Fusion status was assessed
using computed tomographic (CT) scans. A solid fusion was
defined by the presence of bony bridging on 2 consecutive
sections in at least 2 plains on CT imaging.

Results: At a follow up of 15.4months (minimum: 6
months), 66.7% of all patients (10 of 15) and 76.2% of all levels
(16 of 21)were evaluated as solid fusion. In caseswith bilateral
PS, fusion rates were 81.8% of patients (9 of 11) and 88.2% of
levels (15 of 17) respectively. Only one case with unilateral PS
was evaluated nonunion due to PS loosening. No revision
surgery for nonunion were requested.

Conclusion: Hybrid grafts using BMA combined with a
porous HAp /Col composite were efficacious for XLIF as
substitutes for conventional autografts. Rigid supplementary
stabilization was considered necessary to obtain high fusion
rates.

GO360. Multicolumn Spinal Cord Stimulation Surgical Lead
Implantation Using an Optic Transligamentar Minimally
Invasive Technique
Philippe Cam1, Olivier Monlezun1, Bertille Lorgeoux1, Manuel
Roulaud1, Philippe Rigoard1
1Spine-Neurostimulation Unit, Poitiers University Hospital, Poitiers,
France

Introduction: A new generation of neurostimulation
surgical leads is used to increase the success of spinal cord
stimulation (SCS) in difficult-to-treat indications such as
Failed Back Surgery Syndrome (FBSS). This makes the implant
procedure more invasive, which is likely to be a determinant
factor in clinical and functional outcomes. Minimal access
spinal technologies (MAST) have been previously used for
surgical lead implantation. However, only a unilateral ap-
proach was described, causing some difficulties for median
lead placement and not always preventing laminectomy. A
recent MAST technique can be used to implant SCS leads
without these limitations, which seems to be key in the
positive outcomes experienced. The objective is to describe
the original MAST technique used in the pilot study.

Material and Methods: Twenty-four consecutive pa-
tients were implanted with a multicolumn surgical lead for
refractory chronic back and leg pain using the optic trans-
ligamentar MAST technique described extensively. Clinical
outcomes, functional ability and adverse events (AEs), were
recorded for up to 12 months after surgery.

Results: The MAST technique allowed median lead
placement, facilitated visualization of the spine and permitted
transligamentar insertion that minimized scarring and mus-
cle damage, intraoperative blood loss and postoperative func-
tional complications. Back pain decreased significantly at all
follow-up, while functional status improved significantly at 1
year. No technique-related AEs were reported.

Conclusion: Use of MAST approach could be useful in
safe implantation of multicolumn surgical leads and confer
major advantages in difficult-to-treat refractory lower back
pain conditions such as FBSS
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GO361. How Safe is the XLIF Approach for a Skilled Surgeon,
When He Starts to Perform It
Slawomir Moszko1
1Department of Neurosurgery, Spine Surgery and Interventional
Neuroradiology Donau-Isar-Klinikum, Deggendorf, Germany

Introduction: The XLIF (extreme lateral interbody fu-
sion) was introduced in 2001. It is useful as an alternative to
ALIF approach especially in obese patients or in case of repeat
surgeries to avoid vascular complications. This minimally
invasive spine surgery allows to place big foot print implants,
minimizing their subsidence and allows even to correct severe
deformities. On the other side it is sophisticated, requires
special instruments and neuromonitoring. One of the biggest
disadvantages is a neurological deficit caused by the trans-
psoas access, despite of neuromonitoring. The incidence of
mostly transient weakness and numbness reaches in the
reports from 0,6 to 33%. The goal of this studywas to estimate,
if most of the reports were enthusiastic in terms of persistent
deficits and if it is possible for a skilled surgeon to learn it in
relatively short time.

Material and Methods: 40 patients (23 men and 23
women) in age of 25- 86 years (mean 63) underwent XLIF
surgeries from march 2014 to august 2015 in our institution.
All of them had neuromonitoring intraoperatively. Demo-
graphic data of the patients, indications, Op time, blood
loss, outcome concerning neurological deficits and early
complications were analyzed. The patients with deficit had
at least 12 months follow up. We checked, if the surgery time
becomes shorter, the more experience is present (4 skilled
surgeons performed the procedures) and if deficits occur in
the beginning of the learning curve.

Results: Most surgeries were monosegmental (37).
Operated levels: L4/5: 26, L3/4: 9, L2/3: 5, L1/2: 3. Follow-
up time was between 1 to 18 months (mean 7). Indications:
instability: 15, degenerative: 13, discitis: 6, fractures: 4,
deformity: 2. The Op time ranged from 37 to 134 minutes
(mean76). In all patients the blood loss was not higher than
150 ml. 5 patients developed postoperatively motor neuro-
logical deficit. In 2 cases it was persistent (follow up time 13
and 12 months). The others were transient and resolved after
3 months. There were primarily 2 malpositions of implants
(introduced into vertebral body of L 5 due to the angle of
insertion), which leaded to 1 revision surgery. Persistent
deficits occurred in 6. and 10. operated patients in the list,
the transient in 18., 24. and 32. patient. 2 surgeries had to be
abandoned due to the anatomical situation to avoid the
iatrogenic nerve root damage.

Conclusion: The study shows, that even despite of
correct neuromonitoring, neurological deficits can appear in
XLIF approach. This complication seems to be dependent to
the time of the retraction of the prevertebral structures. The
longer the OP time (persistent weakness was associated with
OP time longer than 120 minutes), the hazard of neurological
arises (in transient ones Op times respectively: 58, 73 and 82
minutes). New technologies create often reluctance for many
surgeons to accept it, as the learning curve may be long and
complications rate high. After 4 surgeries the duration of the
procedurewas reduced at 35%. Comparedwith the data in the
literature in own series, the neurological deficits were not
higher and the learning curve relatively short. The accuracy of
the approach (respecting the endplates space to avoid mal-
positioning) and the OP time has to be respected to avoid a
nerve root damage. Reduction maneuvres and more manipu-
lation may arise the ratio of complications. A skilled surgeon
should be able to start performing the XLIF access without
high rate of complications and become familiar with it after 4–
5- surgeries.

Keywords:XLIF, neurological deficit, neuromonitoring,
minimally invasive surgery

GO362. Uncommon Intradural-Extramedullary Lesions
Removed by Direct Uniportal Minimally Invasive Technique:
Clinical and Radiological Results. A Study with 24Months of
Follow-up
Carlos Fernando Arias Pesantez1, Pablo Peña1
1Department of Spinal Surgery, Del Rio University Hospital, Cuenca,
Ecuador

Introduction: Intradural extramedullary cervical le-
sions usually cause pain or neurological deficit secondary to
neural compression. Traditional treatment of these tumors
includes standard fashion cut incision, open laminectomy and
some cases fusión with a delayed recovery and return to daily
activities.

Material andMethods:Wepresent seven patients (four
woman and tree man) with symptoms include radicular pain
and/ or neurological deficit, due intradural-extramedullary
cervical lesion. All the patients underwent total resectionwith
minimally invasive uniportal technique using a tree blade
MAXCESS retractor system (Nuvasive, Inc) and surgical mi-
croscope. We measured a VAS, Nurick scales preop and with
follow up of 6 weeks, 3,6, 12 and 24 months of follow up.
Surgical time, blood loss and time to discharge. All the patients
was underwent control MRI postoperatively.

Results: Histologically report: Two patients neuren-
teric cyst, four patients: neurocisticercosis and the last: epi-
dermoid cyst. The VAS and Nurick scales was decreased over
the time line. The surgical time was 140 minutes mean, blood
loss 30ccmean, All the patients was discharged 47hoursmean
and return to daily activities 10 days mean.

Conclusion: Intradural-extramedullary lesions can be
safely and effectively treated with minimally invasive techni-
ques. Potential reduction in blood loss, hospitalization, dis-
ruption to local tissues and return to daily activities suggest
that, this technique may present an alternative to traditional
open resection with excellent follow up.

GO363. Inflammatory Profiling of Patients Undergoing
Lumbar Interbody Fusion byDifferent Approaches: In Search
for Markers of Mini-invasiveness
Giovanni Lombardi1, Pedro Berjano2, Riccardo Cecchinato2,
Silvia Perego1, Veronica Sansoni1, Fulvio Tartara3, Giuseppe
Banfi4, Claudio Lamartina2
1Laboratory of Experimental Biochemistry and Molecular Biology, I.R.
C.C.S. Istituto Ortopedico Galeazzi, Milano, Italy
2O.U. Orthopaedics and Traumatology, Spine Surgery IV, I.R.C.C.S.
Istituto Ortopedico Galeazzi, Milano, Italy
3O.U. Neurosurgery, Istituti Ospitalieri di Cremona, Cremona, Italy
4Laboratory of Experimental Biochemistry and Molecular Biology, I.R.
C.C.S. Istituto Ortopedico Galeazzi and Vita-Salute San Raffaele
University, Milano, Italy

Introduction: Minimally-invasive surgeries have be-
come routinely adopted due to reduced tissue trauma and
damage. In spine surgery, and particularly lumbar interbody
fusion (LIF) procedures, several minimal invasive approaches
are available.1–3 Although these approaches are thought to be
less traumatic, and thus less pro-inflammatory, currently
there are no scientific evidences about it.4 Creatin kinase
(CK), C-reactive protein (CRP), interleukin (IL)-6 and IL-10,
have been proposed as molecular discriminants between
mini-invasive and conventional procedures.5 The aim of this
work was to investigate how different approaches in LIF
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differed in inflammatory profiles over the immediate peri-
surgical period.

Material and Methods: Seventy consecutive patients
affected by degenerative discopathy were prospectively en-
rolled. To better characterize the approach-dependent effects,
very strict inclusion (single-level discopathy L3-to-S1, healthy
status) and exclusion criteria (chronic pathologies, or recent
illnesses) were applied. Seventeen patients underwent to
anterior LIF (ALIF), 20 to transforaminal posterior LIF (TLIF),
and 26 to far-lateral LIF (XLIF). Patients were sampled, by
standard venipuncture, 24h pre-surgery (T0), and 24h (T1)
and 72h (T2) post-surgery. Bloodwas collected into serum and
plasma (BectonDickinson&Co., Franklin Lakes, NJ, USA) tubes.
Serum and plasma, obtained by centrifugation (1200 g, 10
minute, 4°C), were stored at -80°C until assayed for a panel of
37 molecules involved in inflammation (including cytokines,
soluble cytokine receptors and metalloproteinases) were
tested by a fluorescent bead-based multiplex system (Bio-
Plex®, Bio-Rad Laboratories, Inc., Hercules, CA, USA). One-way
ANOVA was used to study within-group time-dependent
changes (repeated measures) and between-groups changes,
at each time points (Prism v6, GraphPad Software, La Jolla, CA,
USA). Significance was set at p < 0.05.

Results: At baseline no differenceswere found in any of
the subgroup, indicating homogeneity in pre-surgical condi-
tions. In general, the inflammatory responses to ALIF and TLIF
were comparable being characterized by an increase from T0
toT1 and a decrease from T1 toT2. Instead, in XLIF we found a
stabilization, or even an increase, from T1 to T2. Interestingly,
in all the procedure IL-10, IL-26, osteocalcin, osteopontin,
pentraxin, and sTNFR-1 showed a linear increase, although
delayed in XLIF. By comparing the amplitude of changes
between the time-points, both ALIF and TLIF induced signifi-
cantly much more sCD163, MMP-2, MMP-3, compared with
XLIF. XLIF, instead, was more effective in inducing sCD30, IFN-
α2, IFN-γ, IL-2, sIL-6R, sIL-6Rβ, IL-8, IL-10, IL-12p40, MMP-1,
osteopontin, sTNFR-1, and sTNFR-2.

Conclusion: Our preliminary results indicate that: i)
ALIF and TLIF are comparable in terms of inflammatory
profile; ii) the amplitude of changes induced by surgery is
greater in XLIF for the majority of the tested molecules; iii)
XLIF is more effective in inducing anti-inflammatory media-
tors. Additional work is evaluating the relationship between
the changes observed in these parameters and those recorded
in analytes routinely measured in these settings (martial
status, muscular enzymes). To have a panel of markers pre-
dicting the response of the patients to different surgical
approaches could give the surgeon a valuable additional tool
in deciding the optimal approach.
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GO364. Outcome of Posterior Stabilisations for Metastatic
Spinal Lesions
Harriet Julian1, Stacey Thomson1, Eugene Verzin1, Nagy
Darwish1, Greg McLorinan1, Alistair Hamilton1, Niall Eames1
1Spinal Unit, Royal Victoria Hospital, Belfast, United Kingdom

Introduction: The objective of this study was to deter-
minewhether posterior only stabilization of metastatic spinal
lesions provides adequate stability over the life span of the
recipient patient. There are no gold standards for surgical
stabilization of metastatic spinal lesions however National
Institute of Clinical Excellence guidelines (UK) state that
anterior reconstruction should be considered in patients
with metastatic spinal cord compression who are likely to
survive a year. Standard practice in our regional unit has been
to stabilize metastatic spinal lesions through a posterior only
approach. Our rationale is that posterior stabilization provides
sufficient stability while avoiding the additional risks, time,
and cost of anterior stabilization.

Materials and Method: Retrospective review of all
cases of posterior only spinal stabilization performed for
metastatic disease over a 5 year period. Patient demographics,
pathology and metal work construct including number of
levels stabilized was recorded. All post-operative imaging
was reviewed. Failures and revisions were recorded. Clinical
notes were reviewed for surviving patients.

Results: Of the 94 cases 49 were male, average age at
time of surgery was 62. 77 (81.9%). Of the patients who were
deceased by the study end date mean time from surgery to
death was 504 (15 to 1865) days. 72 (93.5%) of constructs
remained stable until death. 5 patients required further
surgery. 3 had broken rods requiring revision and 2 required
anterior decompression and stabilization for disease progres-
sion. None of the 17 alive patients required further surgery
and all remained neurologically intact.

Conclusion: This case series revealed very low rates of
posterior construct failure or need for further surgery for
disease progression. This indicates that posterior only stabili-
zation is a safe and effective surgical management option for
metastatic spinal lesions.

GO365. Characteristics of Patients Who Survived Less Than
Three Months or Greater Than Two Years after Surgery for
Spinal Metastases: Can We Avoid Inappropriate Patient
Selection?
J. J. Verlaan1, D. Choi2, F. C Oner1on behalf of GSTSG
1Department Orthopaedics, University Medical Center Utrecht,
Utrecht, The Netherlands
2The National Hospital for Neurology and Neurosurgery, London,
United Kingdom

Introduction: The survival of patients with metastatic
cancerhas improved at the cost of increased presentationwith
metastatic spinal disease. For patients with (impending)
pathological spinal fractures and/or spinal cord compression,
surgical intervention may relieve pain and improve mobility
and quality of life. It is generally accepted that surgery is
inappropriate if anticipated survival is less than threemonths,
and survival greater than two years is uncommon. The aim of
this internationalmulticenter prospective cohort studywas to
analyze data from surgical patients who died within three
months, or after two years from surgery, to identify any
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preoperative factors which might be associated particularly
with poor survival, to avoid inappropriate selection of patients
for surgery in the future.

Patients and Methods: A total of 1266 patients were
treated surgically for (impending) pathological fractures and/
or neurological deficits andwere prospectively followed. Data
collected included tumor characteristics, preoperative fitness
(ASA), neurological status (ASIA), performance status (KPS),
and quality of life (EQ-5D). Primary outcomeswere survival at
three months and two years postsurgery. Univariate and
multivariate logistic regression analysis were used to find
preoperative factors associated with short- and long term
survival.

Results: In univariate analysis age, emergency surgery,
KPS, EQ-5D, ASA, ASIA, and Tokuhashi/Tomita scores were all
significantly associated with short survival. In multivariate
analysis, however, only KPS was significantly associated with
short survival (OR 1.40; CI 1.18–1.67). Associated with longer
survival in univariate analysis were age, number of spinal
levels included in the surgery, KPS, EQ-5D, ASIA, and Tokuha-
shi/Tomita scores. Inmultivariate analysis, only the number of
affected spinal levels included in the surgery was significantly
associated with longer survival (OR 1.21; CI 1.03–1.41).

Conclusion: Poor performance status at presentation is
the strongest indicator of poor survival (less than 3 months),
whereas a lowdisease loadwith fewer involved spinal levels is
strongly associated with longer term survival.

GO366. Percutaneous Decompression and Fixation on
Complex Spinal Metastases
Alvaro Silva1, Juan Cristobal Illanes2
1Equipo Columna Clinica Alemana de Santiago, Santiago, Chile
2Hospital Fuerza Aerea de Chile, Santiago, Chile

Materials and Methods: Retrospectively analyzed the
postoperative results of a series of 6 patients with vertebral
metastases, with complicated mechanical pain and neurolog-
ical involvement using a decompression technique and per-
cutaneous fixation. Discuss the results with the literature.

Results: Total of 6 cases, 3 men and 3 women. Average
age: 67.8 years (66–85), all with known primary tumor: 2
lungs tumor, 2 breast tumor, 1 prostate tumor and 1 renal
tumor. Neurological compromise: L5 radicular pain paresis
and one progressive thoracic myelopathy. SINS:
8,9,10,12,13,13. Tomita: 3,5,5,6,10,10. Surgical technique:
posterolateral decompression, tube 5 Kapener decompression
tube type 1, all percutaneous pedicle fixation. Complications:
1 patient L5 lumbar epidural hematoma resolvedwith surgical
evacuation. Five of sixwent to early radiotherapy Evolution: In
all of them neurological recovery and relief of mechanical and
radicular pain.

Conclusions: Conventional treatment of patients with
neurologic involvement secondary to vertebral metastasis is
surgical decompression and open setting, this depending on
the vital prognosis and patient status as mayor surgeries. The
high rate of complications and fixing decompression percuta-
neous seem to offer an effective alternative in the manage-
ment of the complication with minimal complications.

GO367. A Systematic Review and Expert Opinion of
Preferred Reconstructive Techniques after Enbloc Spinal
Column Tumor Resection
R. Andrew Glennie1, Nicolas Dea2, Tamir Ailon3, Laurence
Rhines4, Daniel Sciubba5, J. J. Verlan6, Chetan Bettegowda5,
Michelle Clarke7, Ziya Gokaslan8, Charles Fisher9
1Division of Orthopedics, Dalhousie University, Halifax, Canada
2Department of Neurosurgery, Universite de Sherbrooke, Sherbrooke,
Canada
3Vancouver Spine Institute, Vancouver, Canada
4 MD Anderson Cancer Center, The University of Texas, Houston,
Texas, United States
5Department of Neurosurgery, Johns Hopkins Medical Center,
Baltimore, Maryland, United States
6University Medical Center, Utrecht, The Netherlands
7Department of Neurosurgery, Mayo Clinic, Rochester, Minnesota,
United States
8Department of Neurosurgery, Brown University, Providence, Rhode
Island, United States
9Vancouver Spine Surgery Institute, University of British Columbia,
Vancouver, Canada

Introduction: Primary tumors of the spine requiring
enbloc resection are rare. Most published reports are small
and focus on disease free survival and recurrence rates. Very
few studies focus on the various anterior and posterior
reconstructive options and subsequent outcomeswith respect
to fusion rates and need for revision due to hardware failure.
The objective of this review was to (1) summarize the
published literature and (2) report the failure rates of various
anterior and posterior reconstructive techniques after enbloc
resection of spinal tumors and (3) supplement the deficiencies
in the available published literature with expert opinion for
reconstructive options from a group of experienced interna-
tional spine tumor surgeons.

Material and Methods: An electronic search of the
literature was undertaken from January 1990 – December
2013 evaluating specific reconstructive techniques of the
spine after primary tumor enbloc resection. Prospective/
retrospective trials and case series were included in the final
analysis when fusion rates or failure rates were reported. The
data available for each reconstructive technique was then
combined and construct survivorship was summarized. In
addition, a questionnaire was administered to a group of 20
international spine tumor surgeons evaluating specific recon-
structive preferences at different regions of the spinebased on
the number of vertebrae resected andwhether post-operative
radiation was planned.

Results: The initial search yielded 381 articles with 31
subsequently included for full text review. Fourteen articles
were included in the final analysis. There were 146 patients
included for final review. There were 2/9 (22%) patients
revised from short to long segment constructs and 3 reports
of broken pedicle screws with only one requiring revision in
longer constructs. Rates of revision for anterior reconstruction
were similar for autogenous strut grafts (10%), cages (7.7%)
and allograft strut grafts (8.3%). No surgeons responding to the
questionnaire recommended short segment posterior con-
structs. For anterior reconstruction, cages packed with mor-
cellized allograft and autograft were preferred (75%, p < 0.05)
while strut bone grafting was choosen more often at the
cervicothoracic junction (65%, p < 0.05) and whenmore than
one vertebrae was resected in the mid thoracic spine (75%,
p < 0.05). Few surgeons changed their anterior reconstructive
technique (15%) or posterior reconstructive technique (10%)
when post-operative radiation was planned.

Conclusion: The literature and consensus opinion sup-
ports posterior reconstruction with at least two vertebral
levels of support above and below. For anterior vertebral
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column reconstruction, structural allograft, autograft and
cages packed with morcelized bone have shown similar rates
of fusion and failure. Expert opinion, however, suggests that
structural autograft or potentially vascularized strut grafts
should be used when spanning a defect greater than 2
vertebral bodies especially at the cervicothoracic junction.

GO368. Incidence and Risk Factors for Adverse Outcomes
after Open Surgery for Spinal Metastatic Fractures
Steven Theiss1
1Division of Orthopaedic Surgery, University of Alabama at
Birmingham, Birmingham, Alabama, United States

Introduction: Several scoring systems have evolved to
estimate life expectancy in the setting of spinal metastases.
However, neither overall mortality rate nor risk factors for
complications in open surgery for spinal metastatic fractures
havebeenwell defined.Wehypothesize that themortality risk
for these patients is high, and that additional medical comor-
bidities add substantially to the risk of early postoperative
death. Understanding these risks will help us to choose
surgical candidates with more carefully.

Methods: A national database, the American College of
Surgeons National Surgical Quality Improvement Program
(ACS NSQIP) files, from 2011–2013 were queried for patients

who underwent open surgery for pathologic vertebral fracture
in the setting of metastatic cancer. Patients were analyzed for
rates of anyadverse event (AAE), readmission, reoperation, and
mortality. Bivariate andmultivariate analyses were performed
to determine independent risk factors for these events.

Results: Of the one hundred and fifty three patients
identified, seventy-eight (51%) experienced AAE, fifteen
(9.8%) required reoperation, thirty (19.6%) were readmitted,
and nineteen (12.4%) died within 30 days. Risk factors for AAE
included pulmonary comorbidity (p ¼ 0.049, OR=3.87) and
chronic steroid use (p ¼ 0.045, OR=2.28). Reoperation risk
factors included male gender (p ¼ 0.038, OR=4.00). No risk
factors were identified for readmission. Regarding mortality,
identified risk factors included dependent functional status
(p ¼ 0.009, OR=5.75), diabetes (p ¼ 0.004, OR=5.55), and pul-
monary comorbidity (p ¼ 0.041, OR=4.23).

Conclusion: Open surgery for spinal metastatic frac-
tures carries significant morbidity andmortality. Greater than
half of patients in this cohort experienced an adverse event,
nearly 20%were readmitted, and greater than 10% diedwithin
30 days. Patient factors, including pulmonary disease, diabe-
tes, and dependent functional status, were identified as risk
factors for poor outcomes. Thorough preoperative counseling
should be performed for patients with our proposed risk
factors, and the risk of mortality in surgery must be carefully
weighed against life expectancy and neurological deficits.
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Back/Neck Pain: Clinical

GP001. A Study of the Modified Quebec Task Force
Classification of Chronic Low Back Pain with Regards to
Activity Limitation, Global Percieved Effect, Sick Leave, and
its Prognostic Implications
Kalyan Varma1
1Department of Orthopaedics, JIPMER, Pondicherry, India

Introduction: The Quebec Task Force(QTF) on activity
related spinal disorderswas a group of experts invariousfields
brought together by the Quebec Worker’s Health and Safety
Commission.It formally recognized that clinicians couldnot
reliably differentiate between different patho anatomic causes
of low back pain(LBP). Classifying patients as described by the
QTF has shown associated differences on several character-
istics which showed increasing severity from category 1(local
LBP) across the categories of LBPþradiation above knee (cate-
gory 2), LBPþradiation below knee (category 3) to
LBPþneurological signs (category 4).The objective of the study
is to determine the prognostic significance of the QTF classifi-
cation in patients with chronic LBP and to compare the
efficacy of the chronic LBP rehabilitation protocol among
various categories of QTF.

Material and Methods: Routine data was collected at
the time of presentation to an outpatient department of a
tertiary care center in India. After taking a detailed history and
clinical examination, the pain severity is assessed by Low Back
Pain Rating scale (LBPRS) and the activity limitation is as-
sessed by Roland Morris Disability Questionnaire (RMDQ).
The patients were advised treatment according to the com-
mon standard rehabilitation protocol.The patients were fol-
lowed up every 6 weeks to check for the progression of
symptoms clinically and for the compliance with the rehabili-
tation protocol. The patients were evaluated at 3 months and
again at 6 months for Global Perceived Effect (GPE), activity
limitation (RMDQ questionnaire) and sick leave status along
with LBPRS.

Results: A total of 188 patients were includedwith 75%
3 month and 70% 6 month follow up.category 1 had the least
and category 4 had the most severe activity limitation at all
time points.Patients in category 4 improved the most at the
end of 6 months with the common rahabilitation protocol.
Patients in category 4 landed up more frequently in surgery
comparedwith others.Therewere no significant differences in
comparisions between category 2 and category 3

Conclusion: Categorizing patients based on QTF classi-
fication has shown significant association with activity limi-
tation.Prognosis of the patient’s condition based on the
symptoms at presentation can be roughly estimated using
the QTF classification.However,differentiating patients based
on radiating pain above or below the knee has no significant
prognostic implications.It was found difficult to establish a
diagnosis based on symptoms alone.Hence,targeted treat-
ment based on the QTF classification may have a potential
role in better management of patients with chronic LBP.

(499)

GP002. Low Back Pain and Sciatica as The Prominent Clinical
Manifestations of Pelvic Venous Congestion Syndrome. A
Case Report
Grigorios Delaportas1, Georgios Manolarakis2
1Orthopaedics Specialty Center, University of Vermont Medical Center,
South Burlington, Vermont, United States
2MOSST, Heraklion, Greece

Introduction: Although back pain / sciatica are com-
mon conditions in the general population and their etiology is
very well understood, there is a strong interest in non-
musculoskeletal origins of pelvic pain masked by symptoms
resembling radicular pain such as in the case of circulatory
disorders in anatomic sites beyond the spine. This study
presents a particular case of low back pain & sciatica as the
main symptoms of pelvic venous congestion syndrome.

Material and Methods: A 25 year old female presented
to the Spine Institute of New England complaining of 90% low
back pain and 10% right lower extremity constant pain
affecting the lateral aspect of her thigh and averaging around
6/10 with reported flare-ups up to 10/10 especially at the end
of a longday full of activities andwith prolonged standing. She
has also been complaining of sleep disturbances over the last
6–9 months. She has tried land physiotherapies in the past
unsuccessfully. She complained of mild dyspareunia as well.
Clinical assessment suggested pain of discogenic and/or fac-
etogenic nature, questionable meralgia paresthetica, and sci-
atica; however, plain radiographs were equivocal. One month
prior to the patient’s visit to our clinic, Gynecological labora-
tories ordered by primary care physician were unremarkable.
The patient followed a conservative treatment plan consisted
of simple analgesics, non-steroidal (Meloxicam), and steroidal
(Methylprednisolone) anti-inflammatory medication, antide-
pressant (Fluoxetine) and antiepileptic drugs for neuropathic
pain (Gabapentin). One month later, she reported no signifi-
cant improvement especially on her right thigh stating that
cortisone has helped initially; NSAID’s were somehow helpful
unlike Gabapentin, which did not help at all. The patient was
followed up with MRI, which demonstrated a tubular fluid-
filled structure in the region of the right adnexa in addition to
mild effacement of the thecal sac at the L3-L4 level, not a
strong evidence of discogenic/radicular pain. Subsequently, a
transabdominal US revealed prominent pelvic veins bilateral-
ly – more pronounced on the right side – reflecting the
likelihood of pelvic venous congestion syndrome. EMG ex-
cluded nerve root compression at the spinal level, while a
thorough gynecological clinical examination confirmed the
aforementioned diagnosis at initial stage due to hormonal
dysfunction.

Results: The patient has been placed on cortisone
treatment for ovarian function suppression showing encour-
aging early outcomes.

Conclusion: Even though pelvic venous congestion
syndrome is diagnosed via exclusion of other pathological
conditions that most likely cause symptoms of low back pain
and/or sciatica, this case report comes to highlight the impor-
tance of integrated initial systemic clinical assessment, par-
ticularlywhenmore than onemedical specialties are involved
in the region of interest.
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GP003. Multicolumn Spinal Cord Stimulation for Significant
Low Back Pain in Failed Back Surgery Syndrome: A National,
Multicentre, Randomized, Controlled Health Economics
Study (Estimet)
Manuel Roulaud1, Olivier Monlezun1, Bertille Lorgeoux1,
Philippe Rigoard1, Group Estimet2
1Spine-Neurostimulation Unit, Poitiers University Hospital, Poitiers,
France
2Department of Neurosurgery, Pain Evaluation and Treatment Center,
NA, France

Introduction: Many studies have demonstrated the
efficacy of spinal cord stimulation (SCS) for chronic neuro-
pathic radicular pain over recent decades. But despite global
favorable outcomes in Failed Back Surgery Syndrome (FBSS)
with leg pain, the back pain component remains poorly
controlled by neurostimulation. Technological and scientific
progress has led to the development of new SCS leads,
comprising a multicolumn design and a greater number of
contacts. Their efficacy of multicolumn SCS lead configura-
tions for the treatment of theback pain component of FBSShas
recently been suggested by pilot studies. However, a random-
ized controlled trialmust be conducted to confirm the efficacy
of newgenerationmulticolumn SCS. ESTIMET is amulticentre,
randomized study designed to compare the clinical efficacy
and health economics aspects of mono vs multicolumn SCS
lead programming in FBSS patients with radicular pain and
significant back pain.

Material and Methods: FBSS patients with a radicular
pain VAS score � 50mm, associated with a significant back
pain component were recruited in 14 centers in France and
implanted with multicolumn SCS. Before the lead implanta-
tion procedure, they were 1:1 randomized to monocolumn
SCS (group 1) or multicolumn SCS (group 2). Programming
was performed using only one column for group 1 and full use
of the 3 columns for group 2. Outcome assessment was
performed at baseline (pre-implantation), and 1, 3, 6 and 12
months post-implantation. The primary outcome measure
was a reduction of the severity of low back pain (bVAS
reduction � 50%) at the 6-month visit. Additional outcome
measures were changes in global pain, leg pain, paraesthesia
coveragemapping, functional capacities, quality of life, neuro-
psychological aspects, patient satisfaction and healthcare
resource consumption.

Results: Trial recruitment started in May 2012 and
closed in October 2013. The 14 study centers have been
initiated. The last visit last subject was performed in January
2015. This study received funding in 2012 from the French
government NHS program “PSTIC 2011” (Program de Soutien
aux Techniques Innovantes et Coûteuses). Each patient pro-
vided informed consent and approval was requested and
obtained from the Poitiers University Hospital Ethics Com-
mittee (CPP Ouest III), the French National Agency for Med-
icines and Health Products Safety (ANSM) and the FrenchData
Protection Authority (CNIL, No. 70108724P).

Conclusion: Preliminary results are expected to be
analyze for the end of 2015 and published at the start of 2016.

GP004. Subcutaneous Peripheral Nerve Stimulation as
“Hybrid Stimulation” after Failure of Spinal Cord
Stimulation to Control the Back Pain Component in Failed
Back Surgery Syndrome Patients. A Randomized Controlled
Study (Cumpns)
Olivier Monlezun1, Bertille Lorgeoux1, Manuel Roulaud1,
Philippe Rigoard1
1Spine-Neurostimulation Unit, Poitiers University Hospital, Poitiers,
France

Introduction: Despite globally favorable outcomes of
SCS, a significant proportion of FBSS patients do not obtain
adequate coverage of low back pain. PNS has obtained the CE
mark in Europe for the treatment of chronic refractory neuro-
pathic pain and is now commonly used in some countries to
target back pain. However, the potential value of combining
SCS and PNS as ”hybrid stimulation” remains poorly described
with only isolated case reports or limited experience in
various indications. The “CUMPNS” comparative randomized
study is designed to demonstrate the potential analgesic
efficacy of PNS in addition to previously implanted SCS, to
treat the residual low back pain component pain in refractory
FBSS patients.

Material andMethods: All patients are randomized 1:1
in to 2 groups (SCSþPNS vs SCS). Group 1 (SCSþPNS) receives
“hybrid stimulation” with PNS implantation one month after
the inclusionvisit. In the secondgroup, patients continue to be
treated with SCS alone for 4 months post-inclusion before
having access to PNS. The main objective of this study is to
demonstrate the added value of subcutaneous PNS by com-
paring the ability of hybrid stimulation (SCSþPNS) versus SCS
alone to improve analgesic efficacy, functional outcome on
quality of life and coverage of the residual low back pain
component at three months. This variation in the pain surface
area covered is evaluated by mapping, using the Neuro-
Mapping Tools software (N3MT).

Results: Patient recruitment in the CUMPNStrial began
in February 2013. The inclusion period will end in February
2015 and primary endpoint findings will be available at the
end of 2016. To date, five patients have been included and four
have been implanted. Neuromodulation is one of the most
rapidly growing fields of medicine, involving many diverse
specialties and impacting on hundreds of thousands of pa-
tients with numerous disorders worldwide. In addition to the
development of SCS, PNS appears to be an interesting option
that can be considered in several specific indications, espe-
cially refractory focal pain and axial pain. PNS npresents
several advantages, including easy repositioning in the case
of lead migration and constitutes a minimally invasive tech-
nique. Stimulation is applied directlyover the area of pain, and
the use of multichannel lead arrays allows flexible program-
ming. Coverage can be easily adjusted over time according to
variations in pain. PNS also has other advantages, as it is safe,
with no risk of neurological sequelae such as cerebrospinal
fluid leakormeningitis due to dural puncture, paralysis due to
spinal cord injury, etc.

Conclusion: The present study should provide an op-
portunity, for the first time, to prospectively evaluate and
objectively compare the ability of a combined hybrid neuro-
stimulation technique to increase the coverage of painful areas
and to try to correlate this coverage with clinical outcomes.
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GP005. Influence of Psychiatric Comorbidities on Clinical
Outcome Before and After Elective Spine Surgery. A
Prospective Observational Study
Bernhard Meyer1, Ehab Shiban1, Youssef Shiban2, Andreas
Mühlberger2
1Department of Neurosurgery, Technical University, Munich, Germany
2Department of Experimental Psychology (Clinical Psychology and
Psychotherapy), University of Regensburg, Regensburg, Germany

Introduction: It is widely accepted that psychiatric
comorbidities have a negative influence on health-related
quality of life and long-term outcomes following spine sur-
gery. However, most published data are restricted to postop-
erative measurements and data from preoperative settings in
lacking. Aim of this study was to assess the incidence and
influence of psychiatric comorbidities on clinical outcome in
patients undergoing elective spine surgery.

Methods: A prospective study of patients undergoing
elective spine surgery was performed. Evaluation for depres-
sion (ADS-K score) and anxiety (STAI-S, STAI-T and ASI-3
scores) before surgery and at three months follow up were
done. In addition SF36 physical composite score (PCS), Os-
westry Disability Index (ODI) and pain visual analog scale
(VAS) were completed preoperatively and 3 months postop-
eratively. Incidence and influence of these psychiatric comor-
bidities on clinical outcome were examined.

Results: 144 patients met all inclusion criteria. 78
patients were male (54,2%); mean age was 59.49 years.
Most patients were married or in a steady relationship
(77,8%). Abnormal STAI-S, STAI-T and ASI-3 anxiety scores
were encountered preoperatively in 51,4%, 39,6% and 11.8% of
cases but resolved in 38,6%, 31,9% and 11,1% of cases at 3
months follow up. 17,36%, 11,11%, 5,55% reported abnormal
STAI-S, STAI-T and ASI-3 anxiety scores only following sur-
gery, respectively. Abnormal ADK-S score were seen in 25% of
cases before surgery and resolved in 14,6% of cases at 3months
follow-up. 5.55% of patients showed abnormal ASD-K scores
only following surgery. Patients with an anxiety disorders at
follow up had a worse clinical outcome compared with there
counterparts (ODI: 43.07 vs 35.67, p ¼ 0,304; VAS pain: 43.07
vs 5.54, p ¼ 0.000, PCS: 42.08 vs 41.83, p ¼ 0.949). Pathologic
depression scores also had a negative influence on most
clinical outcome measurements (ODI: 10.44.3 vs 26.4,
p ¼ 0.000; VAS pain: 10.49 vs 3.97, p ¼ 0.000, PCS: 10.03
versus 48.93, p ¼ 0,000).

Conclusions: The incidence of depression and anxiety
disorders in patients undergoing elective spine surgery is very
high. Thiswas also associatedwith unfavorable outcome.Most
cases of depression and anxiety were present prior to surgery.
More patients are needed to asses the possibly of preoperative
screening for such comorbidities as many of the patients
psychiatric problems resolved after surgery.

GP006. Post Traumatic Stress Disorder Symptoms following
Elective Spine Surgery. Is Surgery Really the Reason?
Ehab Shiban1, Bernhard Meyer1
1Department of Neurosurgery, Technical Univesity, Munich, Germany

Introduction: Recently, posttraumatic stress disorder
symptoms (PTSD) were found in 20% of cases following
elective spine surgery. PTSD was therefore attributed to
surgery. Furthermore, PTSD symptoms were associated with
reduced clinical benefit. However, PTSD is seen in up to 10% of
the normal population. Aim of this study is to evaluate the
incidence of PTSD before and after elective spine surgery and
the influence of PTSD on clinical outcome.

Methods: A prospective study of patients undergoing
elective spine surgery was performed. The patients were

evaluated for PTSD using the PTSS score before surgery and
3monthspostoperatively. In addition SF36physical composite
score (PCS), Oswestry Disability Index (ODI) and pain visual
analog scale (VAS) were completed preoperatively and at 3
months postoperatively. Incidence and influence of PTSD
symptoms on clinical outcome were examined.

Results: 144 patients met all inclusion criteria. 78
patients were male (54.2%); mean age was 59.49 years.
PTSD symptoms were reported in 59 patients (41%) before
surgery. However, only 32 patients (22.2%) still had abnormal
PTSS scores at 3 months follow up. Only 6 patients (4,17%)
developed PTSD symptoms following surgery. PTSD was
associated with worse clinical outcome before surgery in
the ODI score (ODI: 18.45 versus 43.16, p ¼ 0.000). There
were also statistically significant differences inmean SF36 PCS
score (p ¼ 0.000) and pain VAS (p ¼ 0.000) between both
groups. At threemonths follow up patientswith PTSD showed
worse clinical outcome in the ODI score and VAS pain (ODI:
10.89 vs 28.43, p ¼ 0.000; VAS: 11 vs 4.26, p ¼ 0.000) and also
in the SF36 PCS score (p ¼ 0.000).

Conclusions: PTSD symptoms are associated with
worse outcome following elective spine surgery. However,
the vast majority of patients with PTSD symptoms exhibit
symptoms before surgery and only a small minority develop
PTSD symptoms after surgery.

GP007. Episacral Lipomata as a Cause of Lower Back Pain:
Series of Cases Managed by Excision
Avthar Singh1, Kuharajan Ramalingam1, Lim Kang Kai1, Satish
Vincent Jeremy1
1Department of Orthopaedic Surgery, Hospital Tengku Ampuan
Rahimah, Klang, Malaysia

Introduction: Episacral Lipomata or the “back mouse”
is a tender, fibro-fatty subcutaneous nodule found in the
thoracolumbar fascia area in up to 16% of people. The “back
mouse” can be a cause of significant low back pain in patients
with associated disc disease, nerve root compression and facet
hypertrophy. This is due to the particularly dense innervation
with substance P positive free nerve endings in the posterior
layers of the fascia.

Material and Methods: We studied the outcome of
removal of the ‘back mouse’ in nine patients with twelve
lipoma’s (three had bilateral lipoma’s). The diagnosis was
made by clinical examination and all of the excised nodules
were confirmed to be episacral lipoma on histo pathological
examination subsequently. The outcome was measured with
Visual Analog Scale (VAS) scores and Oswestry Disability
Index (ODI) scoring. The average VAS reduced from 7.8 pre
operatively to 4.8 post operatively.

Results: Six patients had improvement in ODI from
moderate tominimal disability, one patient had improvement
from severe to moderate disability and the ODI in three
patients were unchanged. Seventy percent of the patients
were happy with the outcome as the symptoms had signifi-
cantly reduced despite having some other underlying spinal
pathology.

Conclusion: In our opinion, episacral lipomamay be an
unrecognized entity by both specialists and generalists and
can be a treatable cause of low back pain. The excision
provided relief to the compressive effect it had on the middle
and posteriro layers of the lumbar fascia and the muscles it
encloses. Marginal excision of a painful episacral lipoma may
provide pain relief and improved lower back function in
patients who are carefully selected for this procedure,
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GP008. Diagnostical Challenges of Tumor-Like Conditions of
Cervical Neural Arch in Childhood
Zoltan Hoffer1, Aron Lazary1, Peter Paul Varga1
1National Center for Spinal Disorders, Budapest, Hungary

Introduction: Neck pain is a rare symptom in child-
hood. However, if exists permanently, require a thorough
checkup, because very often some serious pathology it is in
the background. We present two consecutive cases of young
patients with neck pain, where the differential diagnosis was
challenging, and has proved two different tumor-like
pathologies.

Material and Methods: The first case concerns a 17
years old boy, who represents a pain localizing to the scruff
region, mainly during night and to have a rest. MR imaging
showed a high intensity changes on T2-weighted, and low
intensity changes on T1-weighted pictures at the top of C.7.
spinous process. According to SPECT/CT and bone scan an
osteoid osteomawas suspected. The second case concerns a 7
years old boy, who had been complaining for few months a
temporary, however a sharp pain also at the scruff region,
consequently during extension of the neck. MR showed
especially on STIR pictures edema at the region of C.4, 5.
spinous process. Bone scan proved a slightly increased uptake,
also with the suspicion of osteoid osteoma, however the CT
scan was negative.

Results: In the first case, based on the results of the
radiological examinations, we have decided on “en bloc”
resection of the malformation. The histology revealed pig-
mented villonodular synovitis (PVNS), which is according to
the literature a really rare finding in this region, and require
surgical solution. After the surgery, the patient became com-
plaint free,with full function of his neck. Ononeyear followup
MRI was negative regarding recurrence. On the second case
pediatricians have excluded any organic rheumatologic dis-
ease, and although the inflammatory laboratory tests (We,
CRP)were negative, they reckon themalformation as a chronic
osteomyelitis and administered a prolonged antibiotic course
under strict control for ten weeks. Because of the continuous
improvement of the young boy during this therapy, biopsy
was not necessary. After threemonths the patient became also
complaint free, and the one year follow upMRI also revealed a
normal status.

Conclusion: In case of permanent neck pain in child-
hood it is mandatory to perform a thorough checkup to find
the reason behind these complaints to be able to exclude any
tumor, or tumor-like malformations. If there are any morpho-
logical changes on the radiological examinations, the differ-
ential diagnosis could be very challenging, requiring
individual therapeutical plan. The first proposed examination
should have to be MR imaging.

Basic Science: Other

GP009. Thoracic Volume Progressively Decreases in a Virtual
Osteoporotic Vertebral Wedging Model with Increasing
Severity of Kyphotic Deformity
Po-Chih Lee1, Charles Ledonio2, David W. Polly2, Kristen E.
Jones3, Arthur Erdman1
1Mechanical Engineering, University of Minnesota, Minneapolis,
Minnesota, United States
2Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
3Department of Neurosurgery, University of Minnesota, Minneapolis,
Minnesota, United States

Introduction: Osteoporotic vertebral fractures com-
monly result in increased kyphotic angle. Several studies

have shown that compared with controls increasing severity
of osteoporotic kyphosis significantly decreases volumetric
parameters of pulmonary function such as vital capacity.
However the effect on the thoracic volume has been less fully
studied. With the ability to accurately model thoracic vol-
umes, we are now capable of virtually modeling the effect of
increasing kyphosis on thoracic volume through the computer
graphical software, Blender. We hypothesize the computed
thoracic volume measured from a 3D virtual model decreases
with progression of kyphosis from 50 to 100 degrees and the
wedging fracture vertebrae only occur in sagittal plane.

Methods: Free opensource Blender software was used
to create threedimensional thorax models with normal coro-
nal and sagittal balance. By virtually wedging the vertebral
bodies, the virtual osteoporotic models were progressively
deformed by 10 degrees from 50100 degrees of kyphosis.
Thoracic volumewas simulated andmeasured via shrinkwrap
modifier (Blender built-in function) applied to a sphere-
shaped object within the virtual thoracic cavity.

Results: Virtual wedging of vertebral bodies was nec-
essary to achieve virtual progression of sagittal curve. As
kyphotic angle increased, more vertebral segments had to
be virtually wedged. Thoracic volume in the virtual adult
thorax with a 50 degrees kyphosis was 3643cc. The thoracic
volumes approximately decreased in a linear fashion by
means of 6.4% for every 10 degrees more of kyphosis. The
final thoracic volume was 2472cc at 100 degrees of kyphosis,
which was a 32.2% decrease in volume from baseline.

Conclusion: As the deformity progresses from 50 to
100 degrees, there is an overall 32.2% decrease in thoracic
volumes. The decrease appears approximately linear. Al-
though there is not a direct relationship between thoracic
volume and pulmonary functions, adequate thoracic volume
is a necessary condition for adequate pulmonary function.
This study helps establish the relative magnitude of thoracic-
volume decrease based on the sagittal Cobb angle.

GP010. Thoracic Volume Modeling in Virtual Sagittal Curve
Progression
Charles Ledonio1, Po-Chih Lee2, David W. Polly1, Kristen E.
Jones3, Arthur Erdman2
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
2Mechanical Engineering, University of Minnesota, Minneapolis,
Minnesota, United States
3Department of Neurosurgery, University of Minnesota, Minneapolis,
Minnesota, United States

Introduction: Scheuermann's kyphosis is a primary
sagittal plane deformity that manifests in adolescence. The
wedged vertebrae cause increased thoracic kyphosis and a
foreshortened thoracic length. The effect on the thoracic
volume has been less well studied. With the ability to accu-
ratelymodel thoracic volumes,we are nowcapable of virtually
modeling the effect of increasing kyphosis on thoracic volume.
Virtual modeling may allow us to determine the point of
diminishing returns in deformity correction when trying to
improve pulmonary status. We hypothesize the computed
thoracic volume measured from a 3D virtual model decreases
with progression of kyphosis from 50 to 100 degrees.

Methods: Blender software was used to create a three-
dimensional thorax model with normal coronal and sagittal
balance. Virtual wedging of vertebral bodies was performed
for themodel tobe progressively deformedby10 degrees from
50100 degrees of kyphosis. Thoracic volume was calculated
via shrinkwrap modifier applied to an uvsphere within the
thoracic cavity.
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Results: Virtual wedging of vertebral bodies was nec-
essary to achieve virtual progression of sagittal curve. As
kyphotic angle increased, more vertebral segments had to
be wedged (>5 degrees). Thoracic volume in the virtual adult
thorax with a 50degree kyphosis was 1679cc. This volume
decreased in a linear fashion by a mean of 5.4% for every 10
degreesmore of kyphosis. Thefinal volumewas 1218cc at 100
degrees of kyphosis, whichwas a 27%decrease involume from
baseline.

Conclusion: As the deformity progresses from 50 to
100 degrees there is a 27% decrease in the thoracic volume.
The decrease appears linear. While there is not a direct
relationship between thoracic volume and pulmonary func-
tions, adequate thoracic volume is necessary for adequate
pulmonary function. This study helps to establish the relative
magnitude of volume decrease based upon the sagittal Cobb
angle.

GP011. Proposal of a New Trajectory for Screws in the
Lateral Mass of the Cervical Spine
Máximo-Alberto Díez Ulloa1, Samer Amhaz-Escanlar1, Alberto-
Agustin Jorge-Mora1
1UHC Santiago de Compostela, Spain, Santiago de Compostela, Spain

There are several trajectories described for the inser-
tion of screws in the lateral facets of the cervical spine (Magerl,
An, Anderson, based on spinous processes,..), they all rely on
milimeters and precise angles; but anatomical variety (osteo-
phytes, mass anatomy, spinous process deformities...) might
render them not fully reproducible. It is proposed to consider
the lateral mass as an slanted cube rotated to present a crest
stright posterior, and define a trajectory as close to the 3D
diagonal as possible from inferomedial corner at dorsal-me-
dial facet to the anterosuperior cornar of the antero-lateral
facet of such a cube.

Hypothesis: That trajectory is free of biass and repre-
sents the longest posible one in a cubic body, so obtaining the
strongest anchor possible.

Material and Methods: 10 cervical spines (dry bone)
from thew Anatomy Department of Santiago de Compostela
University were gathered and 4 different trajectories were
developed in each lateral mass from C3 to C6 (both sides) so
getting 320 different trajectories. A Kirschner Wire 0.9 mm in
diameter with an “ad hoc” guide were used to avoid destruc-
tion of the specimen. Spines were fixed to a table by a sargent
clamp with the dorsal surface upwards, resembling an OR
situation. The 4 trajectories tested were after the techniques
originally published by Magerl, An and Anderson, and then,
the new one (N), based on the spatial isolation of the lateral
mass for the 3D diagonal. Variables: a) the length of each
trajectory, b) violations of facet joint, c) potential injuries to
vertebral artery (defined by a 3 mm wire passed through the
tranverse processes) and d) potential injuries to the root
(defined by the same kind of wire set exiting through the
foramen). Then the results in each variable was compared
among all trajectories to define the longest one and the safest
one. Statistics: Linear model of mixed effects, REML adjusted
for “length” and adjusted to themajor probability (Laplace) for
all lesions.

Results: a) Length: N longer than any and against each
one. 16 mm vs <15 mm (p < 0.0001) at C6 the longest one
with any trajectory (p < 0.001). b) facet violations: none. c)
potential vertebral artery injury: 8/320, all right sided. N
technique: 0; An technique:0. d) potential root injury: N the
safest nad against each one (p < 0.02), followed by An tech-
nique right side had a higher risk p ¼ 0.001.

Conclusions: A new technique (N) is presented that
allows for a longer screw insertion. Besides being longer, N

technique is safer than any other relating to potential root
injuries and also safer thanMagerl and Anderson for potential
vertebral artery injury. Right side seems more prone to both
potential vertebral artery and root injury

Biomechanics: Other

GP012. Morphometry of Vertebrae in Saudi Population with
a Comparison to Other Population
Mohammed Hasen1, Husam Al-Habeeb1, Fadhel Molani1
1Departement of Neurosurgery-King Fahad Specialist Hospital-
Dammam, Dammam, Saudi Arabia

Introduction: Precise anatomical knowledge of human
vertebra is necessary for the safe placement of screws, pre-
surgical planning and designing surgical instruments. There
are no existed reports about the morphometry of vertebrae in
Saudi population.

Methods: This is a descriptive study. A total of 50 spine
CTwas collected from the PACS system and reviewed for any
abnormal pathology. Any CTwithmajor pathology like tumor,
fracture and deformity was excluded. Each vertebra was
measured for the following parameters: 1- Pedicle Width.
2- Distance from Pedicle to Ant. Vertebrae. 3- Ant. Vertebrae
width. 4- Canal Diameter. 5- Height of Pedicle. 6- Angle of
Pedicle. All data was entered in statistical analysis program
(SPSS) and compared with the existed date of other
population.

Result and Conclusion: The values of the parameters
with the standard deviation have been concluded and com-
pared with the Korean, Mexican, Israeli and Indian popula-
tions which shows remarkable difference and characteristic
pattern important to be addressed in safe placement of
screws, pre-surgical planning and designing surgical
instruments.
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GP013. Biomechanical Study Examining the S2 Alar Iliac
Screw Insertional Torque
Charles Ledonio1, Huy Donguyen2, Edward Santos1, Jonathan
Sembrano1, Robert Morgan1, David Polly1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
2University of Minnesota Medical School, Minneapolis, Minnesota,
United States

Introduction: Prior biomechanical studies have exam-
ined the role of the iliac screw in lumbosacral fixation
[Lebwohl, 2002; Cunningham, 2010] and while found to be

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S201



significant, the ideal screw device and fixation technique have
yet to be identified. An initial effort to define this biomechan-
ical fixation includes measurements of current screw inser-
tion torque across screw length was developed. The objective
of this study was to measure the intraoperative torque re-
quired to place an S2-Alar iliac screw for spino-pelvic fixation.
This fixation method often results in variable screw fixation
strength and an improved understanding of the local torques
required along the length of the screw will aid in improving
this surgical fixation.

Materials and Methods: This IRB approved study in-
volves obtaining informed consent of patients receiving long
spinal fusions either for adult deformity. The surgical trajec-
tory for the S2-Iliac screw will be identified as is currently
practiced using O-arm Stealth Navigation. Next, the insertion
torque of the iliac screw will be measured using the standard
driver handle fitted with a torque cell sensor by the surgeon
under 3D navigation (Stealth).

Results: There were 6 patients who underwent spino-
pelvic fixation. 12 S2-Iliac screws were placed however Inser-
tional torquewas recorded in only 6 screws. Screwmaps show
that peak torques range from 0.71 to 9.73 Nm. Highest torques
recorded were when the head of the screw approached the
bone during insertion. These peak torques recorded are 1.91
times higher than Iliac screw insertional torques reported in a
previous study.

Conclusion: Peak insertional torques range from 0.71
to 9.73 Nm and occurred as head of the screw approached the
bone during insertion. However higher insertional torques
were not recorded because it went beyond the capacity of the
driver.

Deformity: Cervical

GP015. Results of Posterior Occipito-Cervical
Decompression and Fusion in Case of Basilar Invagination: A
Case Series
Ankit Patel1
1Department of Orthopaedics, Civil Hospital Ahmedabad,
Ahmedabad, India

Introduction: The term “Craniovertebral Junction” in-
cludes bony and neuro-vascular structures from base of
occiput to 2nd cervical vertebrae. The subject of CV junction
anomalies is under discussion and evaluation for over a
century. Several classical reviews have attempted to clarify a
variety of complex associated issues. Despite the volumes of
publications on the subject, it appears that the last word has
not yet been said. Basilar invagination is the most common
craniovertebral junction anomaly. Basilar invagination implies
that the floor of the skull is indented by the upper cervical
spine, & hence the tip of odontoid ismore cephalad protruding
into the foramen magnum which causes the compression of
medulla and brainstem. There are two types of basilar invagi-
nation: primary invagination, which is congenital or develop-
mental and more common, and secondary invagination,
which is acquiredmostly due to trauma. Primary invagination
can be associated with occipito-atlantal fusion, hypoplasia of
the atlas, a bifid posterior arch of the atlas, odontoid anoma-
lies. In basilar invagination, all three parts of the occipital bone
(basiocciput, exoccipital & squamousoccipital bone) are
deformed.

Material and Methods: Our study is short term pro-
spective study. Study period extends from July 2012 to May
2015.Total 20 patients {maleþfemale} of various age group {8
year to 65 year} with diagnosed cases of basilar invagination
were taken for study purpose.

Results: Clinical outcomes: 17 patients showed im-
provement in their symptoms or gait with improved mJOA
score, RANAWAT’s neurological class andNURICK’S functional
scale. 2 patients did not show any signs of improvement. 1
patient who had severe basilar invagination with os odontoi-
deum with kyphotic deformity expired on 3rd postoperative
day due to respiratory insufficiency. 1 patient had wound
related complication with opening of stitches and exposed
implant which required excision of exposed implant and
wound recovered by secondary healing. On long term follow
up 1 patient had loosening of implant from occiput bone on X-
ray but she had no any clinical symptoms. Rest of patients had
no long term complications. Radiologically: Using Mcrae,
chamberlain line and Ranawat index, all 19 patients had
reduction of dens below foramen magnum. Bone graft fused
in all 19 patients between 6 to 8 months. So all over mortality
rate of our study was 5%.

Conclusion: Basilar invagination anomalies are com-
monly occurring but rarely diagnosed anomalies. Develop-
mental and congenital anomalies are more common than
traumatic events. As per our prospective study excellent to
good short term results can be achievedwith acceptable safety
but it needs further long term follow up in larger series to
confirm good long term results. Good results depend on
proper patient selection, good surgical skill, proper use of
implants and post operative care.

Deformity: Thoracolumbar (Adolescent)

GP0116. Evaluation of the Shoulder Imbalance Angular
Parameters and the Usage of Midtrapezial Angle Clinically
and Radiologically in Adolescent Idiopathic Scoliosis (AIS)
Cases
Fatih Barishan1, Burak Akesen1
1Department of Orthopaedic and Traumatology, Uludag University
Medical Center, Bursa, Turkey

Introduction: Evaluating AIS patients with shoulder
imbalance, radiologic angular parameters generally used are:
radiographically costoclavicular intersection angle (CCA), an-
gle of the line connecting the coracoids (Corac), the angle of
line connecting the upper limit of the first costal angle (FRA),
and the tilt angle of the first thoracic vertebra line (T1T). The
angles shown on digital photographs are axillary folds line
(ax), deltoids peak line (d) and midtrapezial line angle (tra)
between the horizontal line.

Material and Methods: A total of 29 cases with AIS are
separated into two groups, having distance of horizontal lines
drawn from coraciods with 2cm shoulder height differences
(SHD) and others. Statistics; paired-samples t-test or wilcoxon
tests are used depending on normalization of variables. For
each variable ROC analysis is performed. Pearsons correlation
analyses used with the changes of shd valvues for each
parameter.

Results: Sensitivity of ax is the highest value with 90%
than to tra and cca of 80%. Tra and cca angles has highest
spesifity valvues with 63.16% than to ax of 57,89%. All radio-
logic parameters changes found strongly correlated with the
changes of shoulder height differences.

Conclusion: The mid trapezial and axillary fold angles
over 2,8 and 2,9 degrees respectively is found in shoulder
imbalance by cosmetic parameters. The costoclavicular inter-
section angle over 4 degree is found to be the radiologic
shoulder imbalance parameter for ais. These cut off valvues
can be usefull for determining the the shoulder imbalance for
selection of upper enstrumantation levels in AIS. Midtrapezial
angle can be used as a parameter of clinical cosmetic shoulder
imbalance in adolescent idiopathic scoliosis. Axillary fold
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angles and costoclavicular intersection angle can also helpfull
for defining shoulder imbalance in adolescent idiopathic
scoliosis.

GP0017. Pedicle Morphometric Analysis in Adolescent
Idiopathic Scoliosis: Importance of Surgeon Familiarity with
Patient Specific Variables
Pramod Sudarshan1, Aditya Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Apollo Hospitals, Chennai, India

Introduction: A morphometric analysis of convex and
concave pedicles in scoliotic spines depends on the three-
dimensional reconstructions of the spine. As the standard of
care relies on two-dimensional X-rays, there have been few
reports on this topic and an underestimation of the morpho-
logical irregularities. We present our data of AIS patients who
underwent HRCT as part of the preoperative planning for
robotic-guided corrective surgery.

Material and Methods: A retrospective study of ado-
lescent idiopathic scoliosis patients indicated for corrective
surgery at our center. All patients underwent a CTscanwith 1-
mm slice thickness as part of their preoperative planning. The
morphometric parameters documented were: transverse
pedicle width, pedicle angle and maximum chord length in
both convex and concave sides of the curve andwere analyzed
in the software (Renaissance) used for robotic guidance.

Results: We reviewed charts of 23 patients with an
average age of 14.9 years. Average Cobb angles of the major
curve measured 48.4° (Range 27.7° to 82.8°). There were 7
type 5 Lenke curves, 6 type 3 and type 1, and 4 cases of type 6.
On the concave side 247 pedicles were measured, of which
104 (42%) were hypoplastic (i.e., transverse pedicle width <4
mm). Of the 249 convex pedicles measured, 74 (30%) were
hypoplastic (p < 0.005). Mean concave pedicle angle was
15.6 � 3.8° and maximum chord length was 40.9 � 7.1
mm, while the convex pedicle angle was 16.1 � 3.9°
(p ¼ 0.22) and maximum chord length was 40.8 � 6.4 mm
(p ¼ 0.82).

Conclusion: Knowledge of patient-specific anatomical
variances is critical when instrumenting scoliotic vertebrae.
Based on our findings, despite the patient’s added exposure to
radiation, we advocate the use of CT-based preoperative
planning to maximize safety of the instrumentation and
emphasize the importance of Surgeon familiarity with patient
specific anatomic variances in instrumentation of scoliotic
vertebrae.

GP018. The Choice of Upper Instrumented Vertebra in AIS
and Shoulder Balance
Khalil Kharrat1, Georges Khouri1, Gaby Kreichati1
1Hotel Dieu de France, Beirut, Lebanon

Background: The choice of the upper instrumented
vertebra has longbeendebated.With little proof regarding the
best fusion level, scarce information about the final outcome
and lack of consensus, four criteriawere used to study each AP
and lateralfilms to choose themost optimal level. The author’s
used criteriawere (1) the positive shoulder sign defined as the
contralateral shoulder to themain curve being the highest, (2)
a proximal curve that is stiff on reduction maneuvers only to
be corrected less than 30% a junctional kyphosis on lateral
view between the main, (3) the proximal curve and finally a
long proximal curve accounting for 5 and more vertebrae and
(4) the final outcome being shoulder balance. The objective of
this study is to study the concordance between these criteria
used by our surgeons and those defined by Lenke in 2001 to

select the most conservative posterior fusion possible to
achieve coronal and shoulder balance in AIS.

Methods: Thirty Lenke type I AIS deformity patients,
with a minimum postoperative follow up of 2 years, were
divided according to the proximal fusion level with group 1þ
being all patients who have a fused proximal thoracic curve
and group 1- being all patient whose proximal thoracic curve
wasn’t included in spinal arthrodesis. Then a comparative
study between the two groups was made, accounting for
shoulder balance as the main outcome bymeasuring coracoid
height, T1 tilt and clavicle angle between the two groups and
comparing the results whether the proximal thoracic curve
was included or not.

Results: The two groups were initially similar
(p > 0.05) and remained equivalent having an appropriate
shoulder balance in the immediate post-operative period and
at last follow up without a significant difference in shoulder
balance (p > 0.05) (coracoids difference, T1 tilt and clavicle
angle). The study showed an average correction of 60% in the
proximal thoracic curve and 70% in the main thoracic curve
whether PT was included or not. A similarity study between
Lenke criteria and the authors’ criteria showed no difference
between the two with the exception of a PT bigger than 5
vertebrae. Having a PT bigger than 5 vertebrae did not
influence shoulder balance in AIS type I. The study showed
a concordance of 74% between Lenke criteria and the authors’.

Conclusion: There is a high level of concordance be-
tween the authors’ criteria and those defined by Lenke
showing that whether to include the proximal curve or not
depends on establishing whether the proximal curve is stiff i.e
structural or not.

GP019. Shilla Procedure and Crankshaft Phenomenon
Khalil Kharrat1, Amer Sebaaly1, Gaby Kreichati1, Maroun
Rizkallah1
1Hotel Dieu de France, Beirut, Lebanon

Introduction: To evaluate in a retrospective study the
capability of Shilla technique in preventing the crankshaft
phenomenon in the treatment of the severe scoliosis in young
children.

Methods: 11 scoliotic children (3M, 8F), Tanner 0, aged
from 4 years 6months to 11 years 6 months were operated by
Shilla procedure and were reviewed with a followup from 3
years to 6 years 4months.7 patients had their final fusion . The
number of procedure, except for final arthrodesis was one in 5
patients and two in 6 patients.

Results: The mean preoperative Cobb angle was 57°
(thoracic curve 67°, lumbar curve 55°). The growth continued
in all children from 67 cm of the sitting height on initial
examination to 72.5 cm at final follow-up. For the coronal
angle, it was corrected form 57° to 34° at immediate post-op
than an increase to 50° at final follow-up. In 7 children, the
initial post-op correction was not maintained due to the
crankshaft phenomenon observed in both fused instru-
mented apex curves (67° ! 35° (immediate post op) ! 51°
on final follow-up) as well as in the non-fused non instru-
mented apex curves (54°! 40° (immediate post op)! 55° on
final follow-up).

Discussion and Conclusion: If the crankshaft was ex-
pected in bridged curves it also occurred in the apex fused-
instrumented curves. Age of the childrenof 10 years 9months,
right in the growth spur appears to be its main cause. The
children with controlled curves had a mean age of 7 years 8
months. In conclusion, the Shilla technique, even in apex fused
instrumented curves was not able to control the crankshaft
phenomenon during growth spurt. This should be taken in
consideration for the timing of the final fusion.
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GP020. Is There a Correlation between the Apical Vertebral
Rotation and the Pelvic Incidence in Adolescent Idiopathic
Scoliosis?
Khalil Kharrat1, Amer Sebaaly1, Ayman Assi1, Ismat ghanem1,
Rami Rachkidi1
1Hotel Dieu de France, Beirut, Lebanon

Background:Vertebral rotation is an important param-
eter in adolescent idiopathic scoliosis as it affects the hump
and thus the esthetic aspect of the deformity. Nonetheless, it is
one of the least explored parameters due to the difficulty of
assessment using conventional AP and lateral standing radio-
graphs and the high radiation of CT-scans. With the advent of
EOS® technology, vertebral rotation is easily assessed using
the 3D reconstructionwith high accuracy and low irradiation.
The objective of this study is to evaluate the apical vertebral
rotation and study its correlation to the pelvic parameters.

Materials and Methods: This is a descriptive transver-
sal study. 73 patients with adolescent idiopathic scoliosis
patients (Cobb > 10°) aged between 9 and 36 years old
with no prior history of spinal operation at initial examination
were included. Subjects underwent antero-posterior and
lateral radiographs of the whole spine and pelvis using the
EOS® system. On the AP radiograph, the thoracic curve angle,
the lumbar curve angle and the number of the involved
vertebrae were measured. On the lateral view, pelvic inci-
dence was measured. The rotation of the apical vertebra was
obtained by stereoradiographic 3D reconstruction of the
spine.

Results: The mean age of the cohort was 14 years and
11 months and 90% were females. The mean Cobb of the
primary curve was 38.98 (16.9–104) with a mean vertebral
rotation of 15.5° (0.3–43.5°). The mean Cobb of the compen-
satory curve was 31.35 (9.2–64°) with a mean vertebral
rotation of 9.32° (0.1°-40.5°). While the apical vertebral rota-
tion showed a strong correlation to the Cobb angle of the
affected curve (r ¼ 0.72, p < 0.001 for the main curve;
r ¼ 0.74, p < 0.001 for the compensatory curve), it correlated
moderately to the pelvic incidence (r ¼ 0.31; p < 0.05). Fur-
thermore, apical vertebral rotation had the most strong
correlation to pelvic incidence in thoracic curves (apex T5-
T10; r=0.4, p < 0.05), whether in lumbar curves (apex L2-L4)
there were a tendency to a negative correlation (r ¼ -0.2,
p > 0.05). Finally, the pelvic incidence did not correlate to the
curve Cobb angle (r ¼ 0.34, p ¼ 0.08 for the primary curve;
r ¼ 0.27, p ¼ 0.055 for the compensatory curve)

Conclusions: To our knowledge, this is the first study
evaluating the correlation between apical vertebral rotation
and pelvic incidence. Pelvic incidence is a well-known pelvic
parameter that correlates significantly to the apical vertebral
rotation in adolescent idiopathic scoliosis.

GP021. Preliminary Results of Treatment of Early Onset
Scoliosis using Magnetic Growing Rods
Ahmed Ezzat Siam1, Elsayed Shaheen2, Niazi Mohamad-Ali1,
Thomas Pfandlsteiner1, Cornelius Wimmer1
1Schön Klinik Vogtareuth, Vogtareuth, Germany
2Al Azhar University, Cairo, Egypt

Introduction: One of the major disadvantages of tradi-
tional growing rod systems is the requirement for multiple
surgical procedures to lengthen the rods as the patient grows.
This has been avoided by introduction of magnetically con-
trolled growing rod (MCGR).

Materials and Methods: A prospective uncontrolled,
single-center, single-surgeon, clinical and radiological study.
Between November 2012 and August 2015, 16 children with
EOS were treated using MCGR. Preoperative, postoperative

and final follow-up (FFU) whole spine radiographs were
reviewed to determine the degree of spinal deformity and
correction, measured using Cobb angle. T1–S1 length was
calculated. Clinical notes to determine number of rod length-
ening procedures using remote control device and to record
any complications during surgery or FU period. Mean age was
11.6 years, 3 boys and 13 girls; 11 children had primary
correction by MCGR; 7 of them had neuromuscular, three
infantile and one congenital scoliosis. All had a dual MCGR
implanted. The remaining five patients had previously under-
gone other growing rod operation before converting to MCGR
implant.

Results:Meanpre-operative Cobb angle of the primary
group was 63.2°, postoperative 35.6° (40.5% correction), FFU
39°. Mean initial percentage of the lengthening was 14.8%.
Thoracic kyphosis changed from preoperative mean of 49.1°
to 34.1° postoperatively. One patient had wound infection,
three had pull-out of proximal screws/hooks, one sustained a
breakage of a single-rod construct 6 months after surgery and
was replaced by a doublemagnetic-rod construct. A total of 40
distractions have been performed. Mean FUwas 15.5 months.

Conclusions: In our consecutive series of patients
treated with MCGR we found that scoliosis was well con-
trolled. Cobb angle was significantly reduced following sur-
gery in patients who had MCGR performed as a primary
procedure. Generally, the correction was maintained at FFU.
Despite the relatively high complication rate, comparing our
results for MCGR and other growing rod techniques, they are
comparable, without need to repeated surgery.

GP022. Conversion of Implant Failure in Early Onset Scoliosis
to Magnetic Growing Rod. A Series of Five Cases
Ahmed Ezzat Siam1, Elsayed Shaheen2, Thomas Pfandlsteiner1,
Cornelius Wimmer1
1Schön Klinik Vogtareuth, Vogtareuth, Germany
2Al Azhar University, Cairo, Egypt

Introduction: Conventional growing systems allow
spinal growth to continue and prevent curve progression
but need multiple interventions that increase the risk of
infection, complications of anesthesia. A more advanced,
less invasivemethod is the remotely distractible,magnetically
controlled growing rod (MCGR) systemwhich has been devel-
oped to allow frequent non-invasive distractions. This is the
first series focusing on the conversion of failed growing
implant to MCGR.

Materials and Methods: A prospective single center
study from 11/2012 to 8/2015 with consecutive patients with
progressive deformity and implant failure. Five children have
been converted to MCGR; one boy and 4 girls; mean age 11.9
years. The scoliosis was infantile in two and neuromuscular in
3 cases. Four patients had VEPTR and one had a conventional
growing rod.

Results: Mean preoperative Cobb angle was 56.6°,
thoracic kyphosis 59.6° and spinal length (T1-S1) 339mm.
The upper fixation levelwas T3-T5with a lower fixation toT11
and L2 in the infantile scoliosis and L3 in two neuromuscular
cases. One neuromuscular scoliosis was fixed with hooks to
the iliac crest. Mean operative time was 135 minutes and
blood loss 217 ml. Mean postoperative Cobb angle was 48.1°,
thoracic kyphosis of 49.8% and spinal length 379mm. During
this study a total of 15 distractions have been performed to all
children. At final FU (mean of 21.8m), mean Cobb angle was
48° (total additional correction of 2.5°), thoracic kyphosis of
51.5° (total additional correction of 3.2°) and spinal length of
387 mm (total spinal growth of 33 mm). One case reached to
final fusion after 2 distractions. Double rods have been the
rulewith exception of one neuromuscular case. This single rod
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was broken after 6 months and replaced by a double rod
system. The other complication was a proximal junctional
kyphosis (PJK) that occurred primarily after VEPTR and again
after magnetic rod.

Conclusion: Although conversion of implant failure
from VEPTR and growing rod systems to MCGR is a good
option to allow growth of the instrumented segment, this
gives limited results when performed at a relatively older age.
The postoperative correction in these cases is relatively limit-
ed due to prior correction by the older systems. One compli-
cation related to the implant occurred with single rod
construct. Correction by MCGR will face the same challenge
to prevent PJK, like other growing rod systems. The new
technique provided a non-surgical repeated (sometimes out-
patient) distractions.

GP023. Three Column Fixation: A Dynamic Method in
Scoliosis Surgery
Shah Alam1, Rezaul Karim1, Sharif Ahmed Jonayed1, Hasan
Khalid Md. Munir1, Shubhendu Chakraborty1, Tashfique Alam1

1Department of Spine and Orthosurgery, NITOR, Dhaka, Bangladesh

Introduction: Scoliosis is a complex three dimensional
deformity characterized by coronal, sagittal and horizontal
plane deviation. Non operative treatment is awidely accepted
approach. A significant number of cases need surgical inter-
vention. Revolutionary design & capability of spinal instru-
ments have drastically changed the principle of scoliosis
correction by surgical intervention.

Material and Methods: During the period February
2009 toNovember 2014, 64 cases of different types of Scoliosis
underwent surgical intervention at NITOR, BSOH and other
private hospitals in Dhaka. 45 were female and 19 were male
and age ranged from 14 to 38 years.

Results: The pedicle is a power nucleus of the vertebra
and offers a secure grip of all 3 columns. Pedicle screw
instrumentation has advantages of rigid fixation with im-
proved 3D correction and it has been accepted as a reliable
method with a high margin of safety. Accurate placement of
the pedicle screws is important to reduce possible irreversible
complication. So, all cases were corrected by transpedicular
screws and rods and 1 case stabilized by sub laminar wring. 61
caseswere managed by only posterior approaches and 3 cases
required both anterior releases, costoplasty, posterior stabili-
zation as well. In every case fusion was done in selected
segments.

Conclusion: Total follow up time was ~5 years (6
months-5yrs). All patients were assessed in terms of correc-
tion of deformities, cosmesis, and functional outcome. 64
patients had average coronal plane cobb’s angle measuring
~70 degree pre-operatively and 17.12 degree immediate post-
operative period. 4 patients (5.7%) developed neurological
deficit. 3 regained completely but another one regaining her
neurological deficit very slowly. There were malposition of
screws in 9 (14%) cases, Painful prominence of screws in 6
cases (9%), full flexion lack in 8 cases (12.5%) & superficial
infection in 1 case (1.5%). 80% patients improved cosmetically.

Keywords: scoliosis surgery, three column fixation,
posterior approach

GP024. Preoperative LIV Tilt Affects Post Operative Coronal
Imbalance in Patients with Lenke 5C Scoliosis
Ajoy Prasad Shetty1, S. Rajasekaran1, Suresh Subramani1, Rishi
Kanna1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India

Introduction: Lenke 5C curves are increasingly being
treated through posterior pedicle screw based correction
techniques. We evaluated different preoperative radiological
parameters which could affect post operative coronal imbal-
ance (POCI) in patients with Lenke 5C scoliosis treated with
posterior instrumented correction.

Methods: We retrospectively evaluaed twenty-three
cases with Lenke 5C scoliosis who underwent selective pos-
terior pedicle screw based deformity correction. Fusion was
performed from proximal neutral to distal stable vertebra.
Preoperative, immediate post operative and final whole spine
standing radiographs were analyzed. The pre-operavtive ra-
diological parameters were assessed including lower instru-
mented vertebra(LIV) tilt and translation, Cobb angle,C7 offset
from CSVL, lumbar lordosis and upper instrumented vertebra
(UIV) tilt and translation. Post-operatively we assessed the
correction in cobb angle and post-operative coronal
imbalance.

Results: Twenty -three patients had a mean age:
11.8 � 4.6 years, with 4 males and 19 females. There was a
significant improvement in Cobb angle from mean of
55 � 13.3° to mean of 14.7 � 8.8°. Nineteen patients had
lower instrumented vertebra at L4, 3 at L3 and one at L5.
Correction was maintained with no significant loss in the late
post op period (15.2 �8.9 degrees). The mean pre op C7-CSVL
distance was 24.7 mm While eight patients had immediate
post operative coronal imbalance (POCI), six of them balanced
at a mean 8.2 months. Four patients had POCI at the time of
final follow-up including two, who developed late imbalance.
POCI correlated with pre operative LIV tilt only > 25°
(p < 0.05) and not with LIV translation, UIV tilt or translation.
Five of the eight patients with immediate POCI and all four
patients with late POCI had preoperative LIV tilt > 25°.

Conclusion: In Lenke 5C scoliosis treated by posterior
pedicle screw instrumentation, patients with a preoperative
LIV tilt (>25°) have a risk of developing POCI.

GP025. Video-Assisted Thoracoscopic Surgery (VATS) for
Anterior Release of Rigid Thoracic Scoliosis
Ahmed Elbadrawi1, Mohamed Wafa1
1Department of Orthopedics and Spine Surgery, Ain Shams University,
Cairo, Egypt

Introduction: Standard anterior approach to the dorsal
spine using thoracotomy carries a great morbidity; video-
assisted thoracic surgery (VATS) has been used as a less
invasive approach for many intrathoracic disease processes;
among which anterior releases in rigid dorsal scoliosis. The
authors performed (VATS) in patients with Adolescent Idio-
pathic Scoliosis (AIS), attempting to reduce the morbidity
attributable to standard open thoracotomy surgery for ante-
rior curve release; reporting their experience with thoraco-
scopy as part of the treatment for adolescent idiopathic
scoliosis with rigid thoracic curves.

Material andMethod: A prospective randomized study
of 34 cases of AIS with rigid thoracic curves underwent VATS
for anterior release surgery between March 2008 and April
2013 was performed. The ages of the patients ranged from 11
to 27 years with a mean of 16.3 þ/� 4.2 SD years. Spinal
flexibility was assessed by the fulcrum bending technique.
Cobb angle before and after the anterior release was com-
pared. All patients had an anterior spinal release and posterior
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spinal fusion at two separate surgeries to evaluate the flexi-
bility after anterior release without posterior
instrumentation.

Results: The average followup ranged from22.3 to 39.2
months (mean 30.33 þ/� 4.64 SD months). The mean preop-
erative Cobb angle was 78.4° þ/� 8.87° SD on standing
radiographs and 70.3°þ/� 8.48° SDwith the fulcrum-bending
radiograph. After anterior release, the fulcrum bending radio-
graph showed reduction of mean Cobb angle tomean angle of
41.6° þ/� 6.98°. The mean fulcrum bending flexibility index
was improved from10.41%þ/� 3.97 SD (prior toVATS release)
to 46.97% þ/� 5.23 SD after release. VATS was successfully
completed in all patients without major morbidities. The
mean operative time for the anterior procedure was 123.96
minutes þ/� 28.77 SD. The average number of excised discs
was four.

Conclusion: Anterior spinal release using VATS may
reduce postoperative morbidity and produces satisfactory
degree of flexibility for rigid thoracic curves. It can be consid-
ered as a good and safe alternate to open thoracotomy for
anterior release.

GP026. 2-Year Outcome of a New Modified Luque Trolley
Technque versus Traditional Growing Rods in the
Management of Progressive Juvenile Onset Scoliosis
Andrew Cottam1, Bart Van Herwijnen1, Evan Davies1
1Spinal Unit, University Hospital Southampton, Southampton, United
Kingdom

Introduction: Our objective was the long term evalua-
tion of a new growth guidance technique compared with
growing rods for posterior instrumentation of scoliosis. We
performed a retrospective review of patient records and
radiological imaging. A traditional Luque Trolley construct
uses wires to hold growth guidance rods together. We de-
scribe a new technique which uses Domino end to side
connectors in place of the wires with the aim of providing a
stronger construct to limit curve progression. From a group of
28 patients treated with this technique we review 23 patients
with a minimum of 2 year follow up. The mean age at surgery
was 7.3 years (10 Male and 18 Female). The mean pre-
operative Cobb angle was 69.1 degrees. All patients had
posterior correction and modified Luque trolley construct
with domino. We compared this to a group of 6 patients
with a minimum 2 year follow up who were treated with
growing rods. Themean age of this groupwas 7 years (2Male 4
Female). The mean pre-operative Cobb angle was 56.5 de-
grees. All of these patients had posterior correction with
growing rods.

Materials and Methods: Sequential measurement of
Cobb angle and length of rods was performed, with recording
of further surgical procedures and associated complications.
This enabled us to demonstrate curve progression and growth
of the construct in both patient groups.

Results: In the domino group the mean pre-operative
curve was 69.1 degrees corrected to a mean post-operative
angle of 36 degrees showing a mean percentage correction of
48.9%. This comparedwith amean pre-operative curve of 56.5
degrees in the growing rods group, which was corrected to a
mean post-operative angle of 36.1 degrees showing a mean
percentage correction of 41.3%. In both groups the curves
progressed despite surgery with a mean progression of 10.9
degrees after 1 year and 15.7 degrees at year 2 in the domino
group and a mean progression of 3.3 degrees after year 1 and
14.9 degrees at year 2 in the growing rodgroup. In both groups
the constructs had limited growth. The mean amount of
growth at 2 years was 3.7mm (~0. 19cm per year) in the

domino group and 10.8mm (~0.54cmper year) in the growing
rod group.

Conclusion: Both techniques do not completely pre-
vent progression of scoliosis. Our new domino technique
demonstrates as good a capacity for initial curve correction
and limiting further curve progression as a growing rod
technique but has a more limited capacity for further longitu-
dinal growth. However the new domino technique is vastly
cheaper and avoided a mean of 3.4 surgeries in the 2 year
period compared with the growing rods.

GP027. The Effect of Waiting for Surgery on Patients with
Adolescent Idiopathic Scoliosis
Salah Fallatah1, Mohammed Sait2, fawaz Almutairi2
1Department of Orthopedics, Faculty of Mediciene, Umm AlQura
University, Makkah, Saudi Arabia
2Faculty of Medicine, King Abdulziz University, Jeddah, Saudi Arabia

Introduction: The waiting time for surgical procedures
is becoming longer inmost specialities. Thismay have adverse
effect on patients with Adolescent Idiopathic Scoliosis (AIS)
with additional procedures being required or more complex
surgery being performed.

Material and Method This retrospective study was
performed in the period between December 2007- January
2010 looking on the surgicalwaiting time onpatients with AIS
and its effect on curve progression and the type of surgery
performed and the final outcome.

Results: 215 patients met the inclusion criteria and
have complete medical records to be included in the study.
Mean agewas 13.6 years, 184 patients (86%)were females, 172
were treat in public hospitals and 43 in a private hospital,
mean cobb angle of the main curve was 71°. During the study
period, 55 patients underwent surgery for scoliosis correction,
with a statistical difference in thewaiting timebetweenpublic
and private hospitals (36 and 9 weeks respectively), average
curve progression was 24° during the waiting period with
additional fusion levels being required in 15 cases. Patients
with underlying intra spinal pathology and young patients
showed the most significant curve progression.

Conclusion: Our study support the previous report of
the optimal waiting time for surgical correction of scoliosis
being less than 6 months and it suggest that younger patients
and those with intra spinal pathology and the ones at higher
risk for progression.

Keywords: idiopathic scoliosis, surgical waiting, curve
progression

GP028. Management of Children with Complicated Spinal
Deformities in Countries with Minimal Resources
Alaaeldin Ahmad1
1Department of Orthopedics, Annajah Medical School, Palestinian
Territory, Occupied

Introduction: It is conceded that complicated spinal
deformity in underdeveloped countries presents specific ob-
stacles, but these are often made into “using cheaper screws”
and being cost effective. In fact, this has become the main
discourse for addressing scoliosis in the global South. It is not
simply an extra problem on the margin but a fundamentally
different institutional context which presents unique con-
straints and requires innovative solutions. We can innovate
ways to make the surgery have less operative and postopera-
tive demands, or to make those demands easier to deal with
GIVEN the adverse institutional context. This is precisely
where hybrid construct comes in as a surgical choice that is
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used for complicated spinal deformity in developing country
with minimal resources for more than 5 years now.

Material and Methods: 13 cases presented with severe
spinal deformity, all previously surgically treated for scoliosis,
7 congenital, 3 iatrogenic, 2 syndromic, 1 idiopathic . 8 of them
with other associated problems, 6 with scoliosis, 6 with
kyphoscoliosis and 1with kyphosis. The surgicalmanagement
before the hybrid construct were 28 procedures done, 4
posterior fusion with instrumentation, 3 posterior fusion in
situ,2 anterior and posterior fusion in situ, 2 growing rods, 1
VEPTER, 1 posterior fusion and instrumentationwith removal
of the implants in same day .

Results: Mean age at surgery with hybrid construct
10.5 years, withmean followup time 34months, allwere done
with rib hooks proximally and pedicular or iliac screws
distally . mean preoperative thoracic scoliosis was 83 became
66, thoracic kyphosis 113 became 70, thoracolumbar scoliosis
60 became 40, thoracolumbar kyphosis 63 became 22 .Com-
plications, 8 complications were detected 2 infection, 1 proxi-
mal hook dislodgment, 1 implant exposure, 2 broken rod,
1spinal stenosis, 1 died from non-surgical related cause.

Conclusion: With this complex and demanding medi-
cal condition in developing countries, we think that hybrid
construct may be a good and safe surgical option.

GP029. Impact of Longer Surgical Wait-List Times on Length
of Hospitalisation, Return to Function and Cost of Surgical
Treatment in Patients with Adolescent Idiopathic Scoliosis
undergoing Posterior Spinal Fusion
Roslyn Tarrant1, David Moore1, Patrick Kiely1
1Department of Orthopaedic Surgery, Our Lady's Children's Hospital,
Crumlin, Dublin, Ireland

Introduction:Despite the known clinical and function-
al benefits of timely surgery in adolescents with idiopathic
scoliosis (AIS), several patients still undergo surgery for
scoliotic deformity correction when curves have progressed
beyond 70°. More evidence is needed assessing the effect of
long surgical wait-list times on patient outcomes including
return to function, intrasurgical factors and cost of surgical
treatment. This study aimed to report on surgical wait-list
times in a cohort of patients with AIS undergoing posterior
spinal fusion (PSF), and examine potential correlations with
selected patient outcomes including: intrasurgical factors,
length of hospitalisation, return to function and cost of
surgical treatment.

Material and Methods: A prospective longitudinal
cohort study involving the recruitment and follow up of 77
consecutive and eligible patients with a diagnosis of AIS, from
two tertiary centres, over a two year period, until return to
function (e.g., school/college, physical activity) was reported.
Surgical wait-list times were analyzed in relation to timing of
return to function, cost of surgical treatment (), intrasurgical
factors (surgical duration, estimated blood loss) and length of
hospitalisation. In accordance with local criteria, a long surgi-
cal wait list time was defined as ‘greater than 6 months’.
SPSS® was used to analyze the data; non-parametric Spear-
man correlation coefficient was used in all correlation analy-
ses (rs).

Results: The median surgical wait-list time in the
cohort was 33 weeks (interquartile range 19–56 weeks).
Almost two thirds of patients waited beyond 6 months for
surgery (62.3%; n ¼ 48); twelve patients (15.5%) waited be-
yond 18months. Patients whowaited beyond 6months had a
significantly larger preoperative curve (65° � SD 14 versus
58° � SD 10) and the cost of surgical treatment per patient
was significantly greater (mean 32,652 versus 27,629,
P < 0.0001). In addition, longer surgicalwait list times strong-

ly correlated with a significantly longer surgical duration
(rs ¼ 0.565, P < 0.0001) and higher blood loss (rs ¼ 0.27,
p ¼ 0.044). No significant correlations were found between
surgical wait-list times and length of hospitalisation, timing of
return to school/college or physical activity.

Conclusion: Efforts to support waiting list initiatives in
the AIS population are likely to give rise to significantly
reduced surgical cost, less complex surgeries and more man-
ageable curvatures being dealt with in a timely fashion.

GP030. Intraoperative Electromyography and
Instrumentation in Patients with Idiopathic Scoliosis
Anderson Alves Dias1, Rachel Alvarenga Boy Lanna2, Marcos
Antonio Ferreira Junior3, Roberto Sakamoto Falcon3, Paulo
Renato Rech3, Rogerio de Almeida Vargas3, CristianoMagalhães
Menezes3
1Department of Applied Physical Therapy, Federal University of
Triangulo Mineiro, Uberaba, Brazil
2Department of Neurology, Hospital Lifecenter, Belo Horizonte, Brazil
3Department of Spine Surgery, Hospital Lifecenter, Belo Horizonte,
Brazil

Introduction: The objective of this study is to relate the
use of intraoperative electromyography surgical time, proper
placement of screws, type of curve and time for screw in
idiopathic scoliosis correction surgery in a group of surgeons
of Belo Horizonte.

Methods: This was a retrospective study of 80 patients
undergoing surgical treatment for idiopathic scoliosis correc-
tion between December 2008 and January 2015. All patients
was performed electromyographic monitoring (EMG) intra-
operative by a single column group of surgeons Belo Hori-
zonte. EMGwas performedwith stimulation of pedicle screws
in patients undergoing instrumentation using pedicle screws
and fasteners.

Results: It was observed that 85% were female, with a
mean age of 17 years (minimum of 6 years and maximum of
34 years), 37.5% of the cases represented the curve was
idiopathic Lenke 1AN. 60.0% of all surgical cases had EMG
change, and of these 1.3% had already had deficits Pre-proce-
dure and 3.75% of cases post deficits. Of the total cases
analyzed 66.3% were positive for real results.

Conclusion: Intraoperative monitoring with EMG is a
very important tool for the surgical treatment of patients with
scoliosis patients with instrumentation with pedicle screws.
Through this feature you can check if the screw is on the
correct path contributing to decrease the error rate, post
surgical arthrodesis allowing the change in surgical strategy.
Besides contributing to the positioning time reduction of the
screw and the end of the surgical time.

GP031. Comparison of the DIERS Formetric 4D Scanner and
Plain Radiographs in Terms of Accuracy in Idiopathic
Scoliosis Patients
Vishwajeet Kumar1, Ashley Cole1, Lee Breakwell1, Antony Rex
Michael1
1Department of Spinal Surgery, Sheffield Children's Hospital, Sheffield,
United Kingdom

Introduction: Comparison of the DIERS Formetric 4D
Scanner and plain Radiographs in terms of accuracy in Ado-
lIdiopathic Scoliosis (AIS) Patients. This project aims to deter-
mine the accuracy of the DIERS scanner and help decide
whether it could be used instead of radiographs for some,
or all, AIS patients.

Material and Methods: Two patient lists were com-
bined; both patients who underwent an operation between
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2011–2014 and patients on the Spinecor bracing program.
Only preoperative radiographs were used of the operative
group. Both DIERS Formetric scan and radiograph were be
taken on the same day to prevent time related changes to
scoliotic curve. Patients were excluded if they had had an
operation to treat their scoliosis. Patients with braces were
included so long as their X-ray was of them not wearing the
brace. There was no restriction on BMI. Some patients had a
double curve (thoracic and lumbar) and it was decided to only
compare the greater curve. The radiographs were assessed to
show the Cobb angle and the position of the greatest scoliotic
curve. To confirm the accuracy of measurements, a senior
consultant remeasured a total of 50 X-rays. The results he
found averaged a 3.1 degree difference to that measured by
the medical students. It was decided that this showed suffi-
cient correlation that not all of the Cobb angles needed to be re
checked. Following the radiograph assessment the DIERS
Formetric scans were reviewed.

Results: A total of 85 patients (41 Spinecor, 44 preop-
erative) were measured providing a total of 236 X-rays. 71 X-
rays were excluded: 3 due to the Cobb angle not indicating
scoliosis (<10°) and 68 due to a DIERS scannot being per-
formed on the same day. A total of 165 X-rays remained for
comparison. The range of Cobb angles was between 10.3 and
82 degrees. The DIERS scanner averaged a Cobb angle of -3.49°
below that measured on the X-ray. However, although this
result seems very good, it is not pure correlation that needs to
be taken into account. It would be expected that correlation
would be found but, more importantly is the difference
between the angles measured on X-ray when compared
with DIERS. Interestingly the scanner seemed to overestimate
curves of a small severity and underestimate larger curves.

Conclusion: Overall the Formetric scanner did average
a small underestimate of the Scoliosis angle measured, and
showed a good correlation when compared with X-ray. How-
ever, especially in severe curves (>65°) the level of accuracy
deteriorated rapidly. It could be concluded that the Formetric
scanner could replace X-rays for follow up patients within
boundaries ofmagnitude of curve, but that it could not replace
X-rays for early diagnosis or when the patient is having a pre-
operative assessment.

GP032. Is Radiographic Control Necessary After Every
Lengthening of Magnetically Controlled Growing Rod?
Caglar Yilgor1, Ahmet Alanay1
1Acibadem University, Istanbul, Turkey

Introduction: A well-accepted imaging follow-up pro-
tocol to confirm the amount of lengthening, and check for the
curve and the status of the implants for MCGR is not yet
established. AP-lateral XR after each lengthening (usually
every 2–3 months) is suggested. The aim of this study was
to find out whether radiation exposure after every lengthen-
ing can be justified or not.

Material and Methods: A retrospective analysis of 14
consecutive patients (12F, 2M)with EOS of different etiologies
treated by MCGR. Mean age was 7 (3–10). Examination of the
back in terms of implant prominence was done carefully after
each lengthening. Lengthening interval was 2–3 months.
Patients had pre- and post-lengthening AP-lateral XR in every
visit in the beginning of experience and this was subsequently
changed to only AP post-lengthening XR. The XR were ana-
lyzed for the presence of failure to lengthen, collapse between
2 procedures and incidental mechanical failures such as rod
breakages, hook/screw pullout.

Results: Mean preop coronal Cobb of 69.6° (38–101)
was corrected to 39.1° (16–76) at the final follow-up. Average
followup was 24 months (6–52). A total of 101 lengthenings

were performed. 173 pre- and post-lengthening XR (110 AP,
63 lateral) were taken. There were a total of 5 mechanical
failures in 2 pts. 4 were rod or substance breakages and 1 was
hook dislodgement. All 5 were diagnosed in a non-planned
control with the patient applying for either prominence of
implants and/or history of trauma or unremitting pain. No
other incidentalmechanical failureswere noted in any routine
XR.

Conclusion: Routine XR taken before and after each
lengthening procedure of a MCGR is not likely to reveal any
significant findings. Post-lengthening AP XR with a decreased
frequency (every 6 months) and AP-lateral XR only after a
significant complaint or clinicalfindings should be considered.

GP033. All Pedicle Screw Instrumentation for
Scheuermann's Kyphosis Correction
Wael Koptan1, Mohammad El-Sharkawi2, Yasser ElMiligui1
1Orthopaedic Department, Faculty of Medicine, Cairo University,
Cairo, Egypt
2Orthopedic Department, Faculty of Medicine, Assiut University,
Assiut, Egypt

Introduction: Scheuermann's kyphosis has long been
treated by a two staged fusion and instrumentation with a
hybrid construct using hooks, pedicle screws and sublaminar
wires. Interest in all pedicle screws constructs led to its use in
the treatment of Scheuermann's kyphosis.

Materials andMethods: The study included 18 patients
who underwent a single stage correction by segmental all
pedicle screw constructs (Group 1) and 17 who underwent a
two staged fusion and instrumentation with a hybrid con-
struct (Group 2). The average age was 16yþ3m and 16yþ8m
respectively. The average preoperative dorsal kyphosis was 88
degrees (Group 1) and 80 degrees (Group 2).

Results: Both groupswere followed for aminimumof 2
years. The deformity correction of Group 1 had an average of
57% postoperatively with 2.2% loss at final follow-up in
comparison to Group 2 where the correction was 48% post-
operatively with 3% loss at final follow-up. The operative time
was considerably less in Group 1 with an average of 3.5 hour
than Group 2 with an average of 5.15 hour. The average blood
loss was 550 cc in Group 1 and 910 cc in Group 2.

Conclusions: The use of multiple levels all pedicle
screws technique allowed a rigid anchor for posterior correc-
tion of the deformity with less operative time, blood loss,
hospital stay without the need for anterior release.

GP034. Posterior Vertebral ColumnResection (PVCR) in Early
Onset Spinal Deformities (EOSD)
Mohammad El-Sharkawi1, Wael Koptan2, Amer Elkott1, Hamdy
Tammam1, Wael Gad1, Nariman Aboloyoun1, Ahmed Shawky1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Orthopaedic Surgery, Cairo University, Cairo, Egypt

Introduction: Early onset spinal deformities (EOSD) are
spinal deformities before five years. Early surgical interven-
tion is often necessary to avoid the eventually disastrous
complications due to deformity progression like restrictive
pulmonary functions. Posterior vertebral column resection
(PVCR) achieves the best correction in severe and complex
deformities. We present our experience in PVCR in five cases
with EOSD.

Patients and Methods: PVCR was done in five cases (2
males and 3 females) with congenital hemivertebra with a
mean age of 4.3 years. Two caseswere only kyphotic while the
other three cases had additional scoliosis. One case presented
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with progressive lower limb spasticity. All cases were man-
aged by one level PVCR. Shilla growth guiding technique was
done in two cases to allow future growth. One patient had
short segment fusion, and two had long segment fusion. The
patients were followed up for a mean of 21 (12–36) months.

Results: The patient with paraplegia improved
completely over the three postoperative months. The local
kyphosis improved by 92% (59° to 4.5°). The mean thoracic
kyphosis improved by35% (38.25° to 24.5°). The mean sagittal
vertical axis decreased by 71% and 19% (38.37 to 11 to 30.8
mm) postoperatively and at last follow up respectively. Lum-
bar lordosis reduced by 22% (47.5° to 37°). The associated
scoliosis completely corrected from 29° to 0°. The mean
operation time was 482.5 minute, with 3075 ml blood loss.
One patient with myelocele had pseudarthrosis and metal
failure necessitated revision. The patient with short segment
fixation developed an asymptomatic, non-progressive proxi-
mal junctional kyphosis immediately postoperatively. No
revision or extension of fusion was needed.

Conclusion: PVCR appears to be an effective technique
to treat severe EOSD with limitation of fused segments to
allow further growth.

GP035. Management of Early Onset Scoliosis using Growing
Spine Profiler (GSP)
Mohammad El-Sharkawi1, Wael Koptan2, Ahmed Shawky1,
Amer Mostafa1, Hamdy Tammam1, Wael Gad1, Nariman
Aboloyoun1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt
2Department of Orthopaedic Surgery, Cairo University, Cairo, Egypt

Introduction: Achieving adequate surgery for early
onset scoliosis (EOS) is difficult because of many challenges
including the need to correct the deformity, the need to allow
adequate spine growth, to allow adequate lung development,
and the need to minimize complications. GSP system was
found to solve these troubles with minimal complications in
comparison with other techniques. This is a preliminary
analysis and report about the efficacy and safetyof GSP system
in treating patients with early onset scoliosis

Patients and Methods: This is a combined prospective
and retrospective study of 15 patients (9 females and 6males)
with EOS. The age ranged between 3.5 and 7 years old. All
patients were treated with GSP system in our hospital and
were prospectively followed for a minimum of 1 year. The
following parametersweremeasured both preoperatively and
posteoperatively and at each follow up visit. 1- Cobb's angle
correction. 2-T1-S1 height. 3-apical vertebral translation
(AVT). 4-space available for the lung (SAL) ratio. 5-shoulder
and pelvic balance. Also all surgical details were recorded
including, single or dual rod technique used, operative time,
blood loss, and intraoperative complications. Post-operative
follow up schedule at 8 weeks and every 6 months for serial
lengthening and assessment of the previous parameters after
each lengthening. Any complication during follow up is
recorded. This group was compared with a similar historical
cohort treated earlier by Growing Rods.

Results: Surgical details -blood loss 90ml (80–300).
-operative time 1.5 hours. -number of rods (3 cases single rod
and 7 cases dual rods). -number of lengthening procedures 0–
4 times. -number of additional procedures 4. Follow up -Mean
follow up 4months (3–18) months. - Cobb's angle corrected
from (90.4) to (44). -AVT improved from 54mm to 34mm -T1-
S1 height improved from 210mm to 305mm. -SAL ratio
improved from 89% to 84%. Intraoperative complications.
-pleural injury 5 cases. -others 0. Postoperative complications
-Screw pull-out 2 cases. -hook dislodgement 0. -neurological

injury 0. -infection 2 cases (superficial wound infection).
-prominent metal 1 case. -metal failure 2 cases (single rod
group)

Conclusion: GSP seems to be a good and economic
option for management of EOS with proper patient selection
and proper surgical technique

GP036. Posterior Selective Fusionwith Pedicle Instrumented
Correction inThoracolumbar Adolescent Idiopathic Scoliosis
(AIS)
Ujjwal K Debnath1, Jeffrey R. McConnell2
1Department of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain
2Spine Surgery, Leigh High Valley Hospital, Allentown, Pennsylvania,
United States

Introduction: To evaluate clinical and radiological out-
come of selective fusion for adolescent idiopathic scoliosis
(AIS) in thoraco-lumbar curves i.e., Lenke 5C curves.

Material andMethods: Twelve(12) patients with Lenke
5C curves were operated through posterior approach for AIS .
Risser stage at the time of operation was 0–3 in 6patients and
more than 3 in 4patients. Mean age was 13.5 years. Not every
vertebra was instrumented with pedicle screws. Apical verte-
bral derotation and translation on the concave side were
performed for correction. All patients underwent a selective
fusion (5C only thoracolumbar/lumbar curve fused). The data
were prospectively collected preoperatively and at 6 weeks,
1year and 2years post-operatively. Cobb angle, sagittal and
coronal balance, and lowest fused vertebral tilt were docu-
mented at all time-points. Uninstrumented compensatory
curves were measured at all time points.

Results: The average thoracolumbar/lumbar (TL/L) pre-
operative Cobb angle in Lenke5C curves was 46° � 8° which
was corrected to 14° � 7° (70% correction) at a 2-year follow-
up. 25% of the uninstrumented thoracic curve had spontane-
ous correction. The coronal balance improved significantly
(p < 0.05) and remained stable from the first postoperative
visit to the 2-year follow-up visit. The SRS-22 total scores
improved significantly from before surgery to 2years after
surgery (p < 0.0001). No pseudarthrosis or reoperation was
observed.

Conclusion: Posterior correction of thoracolumbar AIS
with pedicle screw instrumentation is safe and produces a
long-term stable correction and high patient satisfaction. In
Lenke 5C AIS deformity patterns fused selectively, the unin-
strumented compensatory curves do not seem to progress.
Selective fusions, when successfully performed, will optimize
mobile segments of the spine in AIS patients.

GP037. Quality of Life of Children and Adolescents with
Idiopathic Scoliosis Treated Conservatively with DoboMed
Method
Bartosz Kapustka1, Michalina Zimon2, Edyta Matusik3,
Chodakowski Pawel1, Jacek Durmala3
1Department of Neurosurgery, 2nd Provincional Hospital, Jastrzebie
Zdrój, Jastrzebie Zdrój, Poland
2Endoscopic Surgery Clinic, “Sport - Clinic,” Zory, Poland
3Department of Rehabilitation, Medical University of Silesia, Katowice,
Poland

Introduction: The purpose of this study was to deter-
mine the Quality of Life of children and adolescents with IS
(idiopathic scoliosis) treated conservatively with DoboMed
method.

Material and Methods: We examined group of 63
patients (54 girls) with mean age (14,7 years) – 32 were
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treated with a DoboMed method only and 31 were treated
both with DoboMed method and with Cheneau brace. Mean
patients’ Cobb angle was 24,2° and mean apical vertebral
rotation (AVR) was 11,4°. We also analyzed the patients’ BMI
(body mass index) z-score, the age of the diagnosis, the
deformity location and the duration of brace application.
Two questionnaires were used: BSSQ-Deformity and BSSQ-
Brace, patients were examined twice at the beginning and at
the end of hospitalization.

Results: At the beginning of hospitalization, the medi-
an value of BSSQ-Deformity was 18 and for BSSQ-Brace 9,5.
Statistically significant correlations between BSSQ-Deformity
results and patient’s age, BMI z-score and numer of hospital-
izations in the Department were observed. In the group of
patients treated with a DoboMed method and a brace, we
observed the higher level of stress associated with application
of the brace (median=9,5) than the level of stress associated
with a deformity (median=16) (p ¼ 0,0001). This group pre-
sented also a higher level of stress evaluated with BSSQ-
Deformity than group treated only with DoboMed (medi-
an=19) (p ¼ 0,041).

Conclusion: Children and adolescents with a scoliosis
treatedwith a DoboMedmethod presented a lowormoderate
level of stress associated with the deformity. Higher observed
the level of stress was significantly correlated with an older
age of patients, a higher BMI z-score value and more hospital-
izations in the Department. Therewas no correlation between
the patients’ quality of life and the duration of a brace
aplication. Group of patients treated with both: the physio-
therapy and brace presented the higher level of stress associ-
ated with deformity. The level of stress associated with the
brace usage (BSSQ-brace) is higher than a stress associated
with deformity (BSSQ-deformity) in a group treated with the
Chenau brace.

GP038. Posterior based 2 or 3 Column Spinal Osteotomies
and Release followed by a Controlled Halo-Pelvic Distraction
in the Management of Neglected and Complicated Spinal
Deformities: A Safe and New Technique
Vijayanth Kanagaraju1, Harvinder Singh Chhabra2
1Department of Orthopaedics and Spine Surgery, PSG IMS&R,
Coimbatore, India
2Spine Service, Indian Spinal Injuries Centre, New Delhi, India

Introduction: Neglected severe and rigid spinal defor-
mities pose a big challenge to spine surgeons. The neglect adds
other risk factors like decompensated respiratory function,
fused rigid curve and neurological deficit to an already
complex problem. Single stage and anterior surgery are
fraught with complications in an already compromised lung
condition. The visco-elastic properties of spine utilized
through awake halo-pelvic distraction aided by posterior
release and a posterior based 2 or 3 column osteotomy allow
safe correction of deformity before a definitive procedure is
planned. We present our experience of treating 3 such cases.

Materials and Methods: Retrospective review of hospi-
tal records identified three patients. Two patients had ne-
glected early onset congenital spinal deformity with intra-
spinal anomaly. The third patient was an old operated case of
neuromuscular scoliosis with fused spine with crankshaft
phenomenon. All three patients presentedwith a poor pulmo-
nary function on admission. The curves were severe( > 90°)
and rigid with flexibility of only 10%. All three patients were
managed by posterior release and periapical posterior based 2
or 3 column osteotomies with halo-pelvic distraction and
finally posterior spinal instrumentation and fusion.

Results: Mean preoperative coronal cobb’s angle 102°
corrected to 72.33° after posterior based osteotomies and

halo-pelvic distraction alone and was 56° after final posterior
instrumentation with or without intraoperative manoeu-
vring. The results were encouraging at three years follow-
up, with improved pulmonary function.

Conclusion: Staged surgeries with controlled and
awake, axial distraction using halo-pelvic apparatus with
posterior based spinal osteotomies and release offer a safe
and effective option in the treatmentof severe rigid threeplane
deformities of the spine with severe respiratory compromise.

GP039. A Comparison of Stryker Xia3 and Depuy Expedium
FAS Instrumentation for the Correction of Adolescent
Idiopathic Scoliosis
Almas Khan1, Angelo Fragakis2, Peter Loughenbury1, Jeffrey
Ong3, Rodwan Husein3
1Spine Unit, Leeds Centre for Neurosciences, Leeds Teaching Hospitals,
Leeds, United Kingdom
2Academic Department of Orthopaedics, Leeds Teaching Hospitals,
Leeds, United Kingdom
3Leeds Medical School, Leeds, United Kingdom

Introduction: In 2012, our institution held a tender for
the supply of its instrumentationwhich resulted in a majority
supply being awarded to Stryker for Xia3 spinal instrumenta-
tion. Prior to this we had been using Depuy Expedium FAS for
the preceding 5 years. As the surgeons would have to go
through a learning curve for the use of the instrumentation
system, we felt it important to demonstrate that the correc-
tion of curve obtained and the intraoperative risks were the
same for each from the outset of the change.

Material and Methods: We examined the post-opera-
tive X-rays of our patients who had adolescent idiopathic
scoliosis corrected in our institution using Expedium FAS and
Xia3 instrumentation between 2011 and 2014. We excluded
curves that had previously had growing rods, previous pseu-
darthrosis or other spinal complication, anterior spinal sur-
gery, implant removal, and incomplete records. Patients were
identified using our hospital’s theater management software.
Wemeasured the pre- and postoperative and 1 year follow up
Cobb angle on our PACS system. Blood loss and transfusion
requirements were obtained from our cell-saver and blood
bank database, and other information was obtained from the
clinical notes.

Results: 173 patients were identified. 53 had incom-
plete datasets. 22 were excluded due to having previous
growing rod, combined anterior/posterior procedure, or a
Skagg’s Procedure. 63 cases using Expedium FAS and 35 of
Xia3were found. Expediumhad59 (21–99)% curve correction,
5.40 (2–12.5) hours operative time, 0.87 (0.2–1.5)l intra-
operative blood loss and 8.5 (5–42) days hospital stay. The
Xia3 group had 63 (34–90) % curve correction, 4.87 (3–7.5)
hours operative time, 1.6L (0.4–2.5)l blood loss, and 10 (5–42)
days LOS. Only the difference in blood loss reached statistical
significance, however transfusion rates were the same.

Conclusion: Despite being at different parts of the
learning curves with each instrumentation systems, a group
of 4 experienced scoliosis surgeonswere able to achieve equal
correction of scoliosis using either instrumentation systems in
all variables except for blood loss. Moving instrumentation
systems can be daunting, however can be done safely if
managed in a proactive manner.
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GP040. Low Body Weight in Pacients with Adolescent
Idiopathic Scoliosis
Charbel Jacob Junior1, Igor Machado Cardoso2, José Lucas
Batista Junior1, Thiago Cardoso Maia2, Marcus Alexandre Novo
Brazolino1, Tadeu Gervazoni Debom2, Bruno Roncaglio2
1Departamento de Ortopedia da Santa Casa de Vitória Hospital,
Vitoria, Brazil
2

Introduction: Scoliosis is a three-dimensional deformi-
ty of the spine that leads tomore than 10° in the frontal plane.
In adolescent idiopathic scoliosis (AIS) does not know the
cause of the condition, and the search of the pathology source
settings may involve the analysis of the nutritional status of
patients. This study aims to investigate the nutritional status
of patients (AIS) compared with asymptomatic population in
the same age group.

Methods: A prospective, descriptive and comparative
study with a sample of 60 subjects divided equally into two
groups. The AIS group (n ¼ 30) represented by holders of AIS
and control group (n ¼ 30) comprised healthy subjects both
sexes and groups with equivalent age. We analyzed age,
gender, menarche, weight, height and BMI.

Results: In terms of age: AIS Group: 14.3 � 1.97 years;
Control group: 14.23 � 1.79 years. Regarding weight: Group
AIS: 47.4 � 13.8 kg; Control group: 55.6 � 11.63 kg As for
height: AIS Group:. 1.6 � 0.1 m; Control group: 1.64 � 0.08
m. As for BMI: AIS Group: 18.5 � 3.7 kg / m2; Control group:
20.79 � 2.92 kg / m2. Age and height did not achieve statisti-
cal difference when compared with the different AIS and
control groups (p > 0.05). While statistically significant dif-
ference of body weight (p ¼ 0.01) and BMI (p ¼ 0.01) when
comparing the AIS and control groups.

Conclusion: Patients with AIS have a low body weight.
Keywords: scoliosis, body weight, height, BMI, height-

age

GP041. Analysis of Curves of Allowances Submitted to
Patients Arthrodesis Selective in Curves Lenke Type 1:
Fellow up Two Years
Charbel Jacob Junior1, Tadeu Gervazoni Debom1, Thiago Thiago
Maia2, JOsé Lucas Batista Junior1, Igor Machado Cardoso1,
Marcus Alexandre Novo Brazolino1
1Departamento de Ortopedia da Santa Casa de Vitoria Hospital,
Vitoria, Brazil
2São Paulo, Brazil

Introduction: Adolescent idiopathic scoliosis (AIS) is
the most common form of spinal deformity, by definition is in
the coronal plane deformity greater than 10 °, associatedwith
the rotation of the vertebrae and costotransversais joints
presents no definite etiology. The treatment of such deformity
depends on themagnitude and location of the curve and be in
accordancewith the degree of growth potential of the patient.
The goals of surgery are to correct the curve, restore balance in
the coronal and sagittal plane, prevent progression and possi-
ble cardiopulmonary complications and consequently a cos-
metic improvement.

Objective: To evaluate radiographically the behavior of
the secondary curves in the coronal and sagittal plane in AIS
patients classificad as Lenke I, who underwent surgical treat-
ment of posterior arthrodesis selective in fellow up the two
years.

Methods: A prospective study where of analyzed 40
patients with AIS, 33 female. The measurement of used
radiographic parameters followed the recommended by
Cobb with fellow up the 2 years.

Results: The mean Cobb index in the anteroposterior
radiographs preoperatively examination was 29.97 ° for prox-
imal thoracic curve, 59.08 ° formain thoracic curve and 35.26 °
for lumbar curve. The average postoperative was 19,56°,
14,73° and 12.5 ° respectively, with percentage of 34.73%
correction, 75.06% and 64.64% for the respective curves

Conclusion: Surgical treatment by selective arthrodesis
AIS Lenke type I provides correction of compensatory curves
in the coronal and sagittal plane maintenance in fellow up the
two years.

GP042. Intrinsic Sacral Deformity in L5 Istmic Lythic
Spondylolysthesis
Máximo-Alberto Díez-Ulloa1, Daniel Barahona-Lorenzo2, Adrian
Gallego-Goyanes1
1Department of Orthopaedics. Universitary Hospitalary Complex of
Santiago de Compostela, Santiago de Compostela, Spain
2CHU Insular Materno Infantil Las Palmas de Gran Canaria, Las Palmas
de Gran Canaria, Spain

Introduction: A deformity in the sacrum has been
reported in patients with spondylolysthesis (Antoniades,
Spine 2000)

Hypothesis: Besides sagittal profile, the sacrum in itself
is deformed, probably due to a fixed point in the sacoiliac
joints acting as fulcrum and deforming force from ventral
displacement of gravity line.

Matherial and Methods: A control group (group C),
matchable for age and gender, was compared with a series of
83 patients with L5 istmic lythis spondylolysthesis (group A),
which was later subdivided in low grade (Meyerding types I
and II, group A1, n ¼ 67) and high grade (Meyerding III or IV,
group A2, n ¼ 16)

Variable: Proximal sacral kyphosis measured by the
angle formed by the S1 posterior wall and the S2 posterior
wall, if S1was kyphotic on S2 then it was considered a positive
angle, other wise being negative.

Statistics: SPSS 21.0, working with means or medians
and appropriate tests after studying whether the variable
showed a normal distribution.

Results:GroupC lordosis -2° (minimum -8°;maximum
þ7°). Group A kyphosis þ10° (minimum -11°; maximum
þ30°). And then: Group A1 kyphosis þ10° (minimum -11°;
maximum þ30°). Group A2 kyphosis þ15° (minimum þ5°;
maximum þ26°). There were statistically relevant differences
between group C andgroupA and also between groups A1 and
A2.

Conclusion: Besides spinopelvic balance issues, there is
an intrinsic deformity in the sacrum of patients with L5 istmic
lythic spondylolysthesis, even more in high grade lysthesis.

GP043. Proximal Junctional Kyphosis in Pediatric Deformity:
Analysis of Management with a Surgical Technique Limiting
Cervical Extension
Samuel Pantoja1, Andres Chahin1, Gonzalo Arriagada1, Felipe
Luna2
1Spine Center, Centro de la Columna Clínica Las Condes, Santiago,
Chile
2Centro de Columna Clinica Las Condes, Universidad de Chile,
Santiago, Chile

Introduction: Proximal junctional kyphosis (PJK) is a
relatively frequent complication of spinal deformity surgery
which can result in significant symptoms and potential neu-
rological compromise. Reconstruction of PJK in the cervico-
thoracic junction usually entails proximal extension of
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fixation to the cervical spine,with a compromise of function in
this young population.

Material and Methods: We designed a retrospective
review of clinical and radiological features in a consecutive
series of patients treated for PJK of the upper thoracic spine.
Objective: discuss the use of an anterior plus posterior recon-
structive technique which aims to avoid proximal extension
into the cervical spine for the management of PJK in the
pediatric deformity population. Patients: Three patients with
spinal deformity (neuromuscular scoliosis 2, Scheuermanns
kyphosis 1) developing progressive PJKwere operatedwith an
anterior and posterior reconstruction. Clinical and radio-
graphic follow-up is analyses with a minimum of 9 months.

Results: All patients were successfully managed with
adequate control of the progressive deformity and proximal
extension into the cervical spinewas significantly limitedwith
this anterior and posterior approach.

Conclusions: For this selected group of patients with
upper thoracic PJK, an interior and posterior surgical recon-
struction was successful in managing the condition with
limited extension into the cervical spine, thus avoiding greater
future functional compromise.

Deformity: Thoracolumbar (Adult)

GP044. Anterior Hyperlordotic Cages: Early Experience and
Radiographic Results
Philip Saville1, Abhijeet Kadam2, Harvey Smith1, Vincent Arlet1
1Department of Orthopaedics, University of Pennsylvania,
Philadelphia, Pennsylvania, United States
2Department of Orthopaedic Surgery, University of Pennsylvania,
Philadelphia, Pennsylvania, United States

Introduction: The mainstay of correction for hypolor-
dotic lumbar deformities has beenposterior osteotomies, such
as the Smith Petersen, or three column osteotomies (TCO).
TCO’s while very powerful, are associated with significant
neurological complications, variable lordotic correction, pseu-
darthrosis and loss of correction. We hypothesize that the
advent of Hyperlordotic Cages (HLC) (cages with 20 or 30° of
built in lordosis) will allow significant restoration of lumbar
lordosis, and good predictability of the correction from an
anterior approach, thus obviating the need for TCO’s.

Material and Methods: We conducted a retrospective
reviewof a single surgeon series of consecutive adult patients,
undergoingAnterior Lumbar Interbody Fusion (ALIF)withHLC
for degenerative spinal conditions or sagittal imbalance over a
15-month period. Patients had either a standalone ALIF or
ALIF followed by posterior instrumented fusion, depending on
underlying pathology. The anterior approach involved a retro-
peritoneal pararectus approach with resection of the anterior
longitudinal ligament. Electronic medical records were re-
viewed for evidence of perioperative complications. Digital
lateral spine radiographs were also reviewed to assess for
Segmental Lordosis (SL) and its stability over time. Classic
deformity measurments were also recorded.

Results: 69 HLC’s inserted into 41 patients met our
inclusion criteria, with amean follow up of 8months. Average
age of patients was 55 years (23–76), and 29 were female. We
implanted twenty-seven 30° HLC’s, and forty-two 20° HLC’s.
The mean pre op lumbar lordosis of our cohort was 39o, post
operatively this increased to 59° (p < 0.01). In 21 levels
without spondylolisthesis, the 30° HLC’s produced a mean
SL of 28° (26–34). In 45 levels without spondylolisthesis the
20° HLC produced a mean SLC of 19°(16–22) p < 0.01. In 7
levels with greater than grade 1 spondylolisthesis, 30° HLCs
achieved 19° of SL (14–21) (p < 0.01). The majority of HLC’s
were placed in lower lumbar spine, 34 at L5/S1, and 23 at L4/5.

Six (9%) HLC’s displayed loss of correction (defined as SL
loss > 2°). The mean loss of SL was 4.5°(3–10). Complications
included two transient neurological deficits (4.4%), one L5
palsy, and one L4 hyperesthesia, both observed after posterior
instrumentation, 2 retroperitoneal collections, one requiring
incision and debridement, 2 lymphoceles, both requiring
laparoscopic fenestrations, and one enterocutaneous fistula
requiring intervention. Average blood loss was 240ml(50–
900).

Conclusion: Anterior insertion of HLC’s is a predictable
and reproducible method to correct lordosis, and therefore
sagittal balance in complex deformities. The amount of SL
obtained with a 30° HLC is comparable to TCO’s but the 20%
total complication rate is significantly lower than the 58%
reported for TCO’s in the literature. The ability to implant
hyperlordotic cages at lower lumbar levels than traditional L2
or L3 level TCO enables a more anatomic restoration of the
lumbar lordosis. Direct lateral cages have failed to demon-
strate recreation of lordosis, but anterior insertion does
appear to efficiently correct lordosis. Our blood loss (250ml)
also compares favorably with reported values for TCO’s. The
authors therefore advocate the use of HLC’s for ALIF to recreate
lumbar lordosis.

GP045. The Use of MAGEC Growing Rods as a Temporary
Distraction Rod in Severe Kyphoscoliosis: A Case Report
John Smith1, Jessica Morgan1
1Department of Orthopaedics, University of Utah, Salt Lake City, Utah,
United States

Background: The acute correction of severe spinal
deformity can be associated with significant neurologic risk.
Halo traction can be used as a method to slowly correct
deformity while allowing for close neurologic monitoring
during correction. However, this typically requires a pro-
longed hospital stay and significant costs.

Methods: This case reports using a magnetically con-
trolled growing rod (MCGR) to continue correction of a severe
spinal deformity after an initial period of halo traction to allow
for safe correction a severe kyphoscoliosis.

Results: The patient is a female child, adopted from
Ethiopia, with an estimated age between 10–13 years. She
presented with a severe kyphoscoliosis measuring greater
than 135 degrees. She is otherwise healthy. AnMRI showed no
abnormalities of the spinal cord. Due to the severity of her
curve, we elected to use halo-gravity traction for 4 weeks.
During that time, she gained 7 inches in height and her curve
improved to 100 degrees. To continue her correction, we then
placed a Magnetic Growing rod from T1-L3/4, and distracted
on amonthly basis for 6months; resulting in correction of her
curve to 80 degrees. The patient then underwent removal of
the MCGR, and had definitive posterior spinal instrumenta-
tion and fusion from T2-L4with apical Ponte osteotomies. Her
scoliosis corrected to 47 degrees and her kyphosis to 42
degrees. She was left with a visible cervical deformity that
is currently asymptomatic.

Conclusion: Multiple authors have reported the use of
traction as part of the treatment of severe scoliosis as a means
to reduce neurologic risk during deformity correction.1,2

Surgical placement of temporary distraction rods have also
been reported as part of a staged correction of severe scoliosis
but is associated with loss of neuromonitoring signals in 41%
of patients. These changes were reversible if the temporary
tractionwas reversed. Cheunget al reported the use of aMCGR
in a girl with severe spinal deformity where distractions were
made daily for 2.5 months prior to definitive correction.3 The
MCGR offers a safe option as a temporary distraction rod that
can be lengthened gradually on an outpatient basis. This

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS212



allows for neurological monitoring during gradual correction
of the curve in anticipation of definitive correction.
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GP046. How Much Deformity Correction and Maintenance
Can We Obtain by LLIF and Will It Be Affected by Approach
Side or Levels?
Woojin Cho1
1Albert Einstein Colleg of Medicine/Montefiore Medical Center, New
York, New York, United States

Introduction: Lateral lumbar interbody fusion (LLIF) is
one of the minimally invasive surgeries that have shown the
successful surgical outcome. The purpose of this study is to
report the amount of deformity correction achievedwith LLIF,
and to compare the effect of convex versus concave approach
side on the magnitude of correction.

Methods: Out of 512 LLIF cases, 100 stand-alone LLIF
cases for degenerative lumbar scoliosis were identified after
excluding previous fusion, posterior fixation, and cases with-
out scoliosis. Radiographic and clinical data were analyzed
retrospectively. In each patient, overall and segmental defor-
mity correction (difference between postop and preop) and
maintenance (difference between final and postop) were
measured, and the amount of segmental correction and main-
tenance was compared in terms of approach side (convex
versus concave). Also, correction was compared between
groups with or without end plate fracture, and maintenance
was compared between the groups with or without
subsidence.

Results: Total 34 patients with follow up were includ-
ed, and a total of 86 levels were treated. The amount of overall
and segmental correction and maintenance is illustrated in
Table 1. Overall and segmental scoliosis correction was more
predictable than lordosis creation. The upper levels had the
tendency of more segmental scoliosis correction, but not
significant. There was no difference in the amount of segmen-
tal correction and maintenance in between convex and con-
cave side. The group without the endplate fracture showed
more segmental scoliosis correction significantly, the group
without the subsidence showed more segmental scoliosis and
lordosis maintenance significantly.

Conclusion: We report the amount of overall and
segmental deformity correction and maintenance by LLIF
procedure. Segmental scoliosis correction is very predictable
unless endplate breakage occurs during surgery. Segmental
deformity correction maintained well until final follow up
unless subsidence occurs. Overall or Segmental lordosis crea-
tion is less predictable as we proposed it is dictated by the
position of the cage. There was no difference in the amount of
segmental correction andmaintenance in between convex and
concave side.

Figure 1

Figure 2

GP047. Influence of the Level of Pedicle Subtraction
Osteotomy on Pelvic Tilt Change in Adult Spinal Deformity
Amer Sebaaly1, Khalil Kharrat1, Gaby Kreichati1, Maroun
Rizkallah1
1Hotel Dieu de France, Beirut, Lebanon

Background: Spine osteotomy is used for patients with
rigid severe spinal deformity. Pedicle Subtraction Osteotomy
(PSO) is performed by removing the posterior elements and
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both pedicles, removing awedge from the vertebral body, and
closure of the osteotomy by hinging on the anterior cortex.
This technique is demanding and have very steep learning
curve. We analyze the effect of the level of PSO on the change
of pelvic tilt

Methods: this is a retrospective study of 35 patients
(mean age, 60.7 years; range, 45–81 years) undergoing thor-
acolumbar PSO at a single institution in the past 4 years. One
patient underwent PSO at T11, two patient underwent PSO at
L2, and 16 patients underwent PSO at L3 and 16 at the L4 level.
Seventy percent of the patients had undergone at least one
previous spine surgery in the region of the PSO.

Results: the mean pelvic incidence in the cohort was
54.5. There was no change in the pelvic tilt between the
preoperative and postoperative state (24.8 vs 22; p > 0.05).
On the other hand, lumbar lordosis (26 vs 44), thoracic
kyphosis (27 vs 38.8) and T1 pelvic angle (26.6 vs 14.7) had
all significant improvement. Mean PSO resection was 35°.
With subgroup analysis, mean pelvic tilt change -3.3° at the L3
level and -8.6 ° at the L4 level.

Conclusions: The degree of PSO resection correlates
greatlywith spinopelvic parameters (lumbar lordosis, thoracic
kyphosis, and T1PA). More importantly, PSO level impacts
postoperative PT correction; L4 level PSO have shown a better
correction of the pelvic tilt than L3 PSO.

GP048. HowReliable is the Surgeon’s Ability to Differentiate
between Idiopathic and Degenerative Deformity in Adults;
What Parameters Help them Decide?
Emre Acaroglu1, Ümit Özgür Güler1, Selim Ayhan1, Tiro
Mmopelwa1,Montse Domingo Sabat1, Ferran Pellise2, Francisco
Javier Sanchez Perez Grueso1, Ahmet Alanay3, Ibrahim Obeid4,
Frank Kleinstuck5European Spine Study Group (ESSG)
1Ankara Spine Center, Ankara, Turkey
2Hospital Valle Hebron, Barcelona, Spain
3Acibadem University, Istanbul, Turkey
4CHU Bordeaux Pellegrin Hospital, Bordeaux, France
5Schulthess Klinik, Zurich, Switzerland

Introduction: Adult spinal deformity (ASD) may be
classified as idiopathic (I) or degenerative (D) (or other) based
on classifier’s perception, the reliability of and factors inherent
to which remain unknown. Aim of study is to evaluate the
inter and intraobserver reliability of surgeons’ perception in
differentiating I from D ASD and to identify the determinants
of it.

Material and Methods: From a multicentric prospec-
tive database, 179 patients were identified with the diagnosis
of I (n ¼ 103) or D (n ¼ 76); no previous surgery; and a
lumbar coronal curve > 20°. Standing AP and lateral X-Rays
were sent to five experienced spine surgeons to be identified
as D or I (or other); followed by a second round after reshuf-
fling. Weighted Kappa statistics was used, after which the
patients were stratified by number of agreements as perfect
(10/10) and very good (�8/10); these were further compared
for additional radiological parameters.

Results: Four observers completed both rounds while
the 5th did only the first (a total of 10 observations/pt
including the record). Agreement levels were moderate to
good for intra but fair to moderate for interobserver compar-
isons (Table 1). There were 42 perfect and 80 with very good
agreements for I patients but only 6 perfect and 17 very good
agreements for D. Upon comparison of these, it was seen that
they were different for some coronal parameters such as
lumbar Cobb angle (larger in I, p < 0.001), CSVL modifier (C
more common in I, p ¼ 0.007) and presence of rotatory
subluxation (less common in D, p ¼ 0.017) but very different
for sagittal parameters (lumbar lordosis, sagittal vertical axis,

T2-sagittal tilt, pelvic tilt, sacral slope andglobal tilt; increased
sagittal imbalance in D, all p�0.001).

Conclusion: Surgeons in this study demonstrated rea-
sonable intraobserver agreement but only fair agreement
amongst them. These findings suggest that especially in
patients with significant coronal curves, determination of
curve etiology with only radiological data may not be accu-
rate. In patients with good agreement, the most consistent
radiologic determinant appeared to be the presence of sagittal
imbalance.

GP049.Multiple Regression Analysis of Factors Affecting the
Mental Component Score Constituents of SF-36 in Adult
Spinal Deformity
Selim Ayhan1, Selcem Yuksel1, Asli Niyazi1, Vugar Nabiyev1,
Ümit Özgur Güler1, Tiro Mmopelwa1, Montse Domingo Sabat6,
Ferran Pellise2, Ahmet Alanay3, Francisco Javier Sanchez Perez
Grueso6, Frank Kleinstuck4, Ibrahim Obeid5, Emre Acaroglu6,
European Spine Study Group (ESSG)3
1Ankara ARTES Spine Center, Ankara, Turkey
2Spine Unit, Hospital Universitari Vall d’Hebron, Barcelona, Spain
3Comprehensive Spine Center, Acibadem Maslak Hospital, Istanbul,
Turkey
4Spine Center, Schulthess Klinik, Zurich, Switzerland
5Spine Unit, Bordeaux University Hospital, Bordeaux, France
6Spine Unit, Hospital Universitari La Paz, Madrid, Spain

Introduction: As surgical decision-making and preop-
erative planning for adult spinal deformity (ASD) need strong-
ly be interrelated to health related quality of life (HRQOL),
there are multiple studies focusing on factors with an impact
on it. Based on the general perception of association between
the treatment results and the psychological condition of
patients with ASD, analyzing the factors governing the base-
line psychological status of this group may be worthwhile.
Aim of study is to develop an understanding of which factors
have a greater impact on the SF-36 mental component score
(MCS) and to establish a hierarchy of these parameters
through multiple regression analysis.

Material and Methods: Prospectively collected data
from a multicentric adult deformity database was analyzed
usingmultiple regression analysis with SF-36MCS designated
as the dependent variable and demographic, radiological and
the HRQOL parameters as independent variables. The regres-
sion model was started with a correlation analysis between
SF-36 MCS and all independent variables then conducted by
introducing the variableswith thehighest correlationwith SF-
36 MCS, sequentially.

Results: A total of 229 patients (181♀, 47♂) with a
mean age of 49.4 (18– 85) years, were analyzed. A strong
correlation between SF-36MCS and Scoliosis Research Society
(SRS)-22, Oswestry Disability Index (ODI), gender, and diag-
nosis were found (p < 0.05). The distribution graph and
results of regression analysis are summarized in Fig. 1. The
overall R2 of this model was 0.254 (p < 0.001).

Conclusion: This study has demonstrated that, among
the evaluated parameters, the overall HRQOL (SRS-22 and
ODI) as well as thoracic kyphosis (TK) and gender are themost
important parameters affecting the mental component sum-
mary of SF-36 in ASD population. Although the strong associ-
ation with SRS-22 and/or ODI was to be expected, less strong
associations with TK (as a token of appearance?) and gender
(due to different mechanisms of coping with disability?) were
less expected and may warrant further consideration in our
understanding of the population of ASD.
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GP050. Mental Health and Self Image Perception of Non-
disabled Adult Idiopathic Scoliosis Patients Having Mild to
Moderate Curves Compared to Normal Population
Caglar Yilgor1, Meric Enercan2, Azmi Hamzaoglu2, Ferran
Pellise3, Francisco Javier Sanchez Perez Grueso4, Emre
Acaroglu5, Ibrahim Obeid6, Frank Kleinstuck7, Ahmet Alanay1,
ESSG European Spine Study Group8
1Acibadem University, Istanbul, Turkey
2Florence Nightingale Hospital, Istanbul, Turkey
3Hospital Valle Hebron, Barcelona, Spain
4Hospital De La Paz, Madrid, Spain
5Ankara Spine Center, Ankara, Turkey
6CHU Bordeaux Pellegrin Hospital, Bordeaux, France
7Schulthess Klinik, Zurich, Switzerland
8Fundació Institut de Recerca Vall Hebron, Barcelona, Spain

Introduction: There is little information about the
effects of scoliotic curves on self image (SI) and mental health
(MH) based on validated questionnaires. Aim was to analyze
the effect of scoliosis on MH and SI in a non-disabled adult
idiopathic scoliosis (AdIS) population having curves under
surgical indication threshold (Main Thoracic (MT) Cobb (�
55°), and Thoracolumbar/Lumbar (TL) curve (� 45°).

Material and Methods: A retrospective analysis of a
multicenter, prospective, consecutive patient series. Inclusion
criteria were: non operated AdIS, � 18 years of age, MT Cobb
20–55°, TL Cobb 20–45°, ODI <20, SRS 22 Pain score > 4. ODI
and SRS22 pain score were used to distinguish patients that
have pain and disability from the ones that do not. SRS- 22 and
SF-36 normative data for different age groups were used for
comparison. AP and lateral Cobbmeasurements, sagittal plane
parameters and demographic data were analyzed in terms of
correlations with SI and MH parameters.

Results: 76 patients (64F, 12M) met the inclusion
criteria. Mean age was 25.9 (18–44), mean MT Cobb was
38.5° (21–55) and TL Cobb was 34.6° (25–44). SRS-22 MH, SI
and other domains were similar with SRS normative data
(p > 0.05). SF-36MCS and PCS domains for age groups 18–24,
25–34 and 35–44 were not significantly different than nor-
mative data (p > 0.05). None of the demographic and radio-
graphic parameters were correlated with changes in SRS-22
function, SI, MH and SF 36 MCS, PCS parameters.

Conclusion: AdIS does not affect mental health and
self-image in non-disabled patients with curve magnitudes
below the surgical threshold.

Figure 1

GP051. Postoperative Spine and Spinal Implants Instability
as Complications of Treatment of the Rigid Scoliotical
Deformation in Adult and Elderly Patients
Dmitry Mikhaylov1, Dmitry Ptashnikov1, Sergey Masevnin2,
Nikita Zaborovskii1
1Department of Traumatology and Orthopedics, Vreden Russian
Research Institute, St.Petersburg, Russian Federation
2Vreden Russian Research Institute of Traumatology and Orthopedics,
Saint Petersburg, Russian Federation

Purpose: The aim of this study was to assess the rate of
complications of surgical treatment of rigid scoliotical deforma-
tion correction and stability of the fixation in adults and elderly.

Material and Methods of Studies: A retrospective study
of 60 patients (age 65 – 83 years) with rigid scoliotical
deformation. Mean follow-up period was 5 years (2–8 years).
Retrospectively we evaluated the deformation according to
SRS-Schwab Based onHQROL Classification of Adult Deformity
studying in all cases long cassette standing anteroposterior and
lateral radiographs. Type L,A,L,P for 19 patients; type L,C,M,VP
for 21 patients; type S,B,M,VP for 13 patients; type S,C,H,P and
T,A,M,P for 7 patients equally. Themain indications for surgery
were static and biomechanical spinal disorders with pain
(100%) and neurological syndrome (74.3%). All patients were
divided into 2 groups based on the extent of surgical treatment
and the severity of concomitant somatic pathology. The first
group include 28 patients with high risk of cardiovascular
complications who were undergone the correction of defor-
mation by transpedicular screw fixation, multilevel SPO and
TLIF. The second group include 32 patients with the correction
of deformation by multilevel fixation, SPO, TLIF and PSO
despite the possible risks of cardiovascular complications.

Results and Discussion: In thefirst group in 13 caseswe
did not achieve a full postoperative restoration of the sagittal &
coronal balance. In 6 patients the displacement of the screws
was found in the postoperative period. In 5 cases the metal
construction was broken. In 3 cases the terminal vertebras
fractures with the displacement of the screws marked one
year after the operation. These complications led to a loss of
correction, which required a reoperation in all cases. In the
second group a full restoration of the sagittal & coronal
balance was achieved. In 1 case there was a screw migration
due to osteoporosis. The rate of complications of the deformity
correction in thefirst groupwas statistically significant higher
than in the second group (p < 0.01).

Conclusions: The study showed that the transpedicular
fixation during the correction of a rigid deformation in
patients requires the full restoration of sagittal balance. The
surgical treatment of scoliotical deformation with PSO, TLIF
and SPO showed an improvementof the long-term results. The
aim of this study was to assess the rate of complications of
surgical treatment of rigid scoliotical deformation correction
and stability of the fixation in adults and elderly. A retrospec-
tive study of 60 patients (age 65 – 83 years) with rigid
scoliotical deformation. The study showed that the trans-
pedicular fixation during the correction of a rigid deformation
in patients requires the full restoration of sagittal balance. The
surgical treatment of scoliotical deformation with PSO, TLIF
and SPO showed an improvement of the long-term results.

GP052. Pedicle Subtraction Osteotomy in Management of
Rigid Thoracolumbar Kyphosis in Adults
Mohammad Negm1

1Department of Orthopaedic Surgery, Al-Azhar University, Cairo, Egypt

Introduction: Thoracolumbar kyphosis represent a big
challenge for spine surgeons specially if the case is of signifi-
cant deformity which may affect patients life, Pedicle subtrac-
tion osteotomy (PSO) is one of the best methods that cane
correct the deformity and give satisfactory result to the
patients as it corrects the deformity and allow the patients
to gain near normal daily activity.

Material and Methods: Four patients were treated by
this method by PSO of lumbar 2 vertebra, 3 of them complain-
ing of ankylosing spondylitis and one post traumatic, all
patients are neurologically stable. All are assisted by X-ray
and MRI preop. PSO is carried through a posterior midline
approach with fixation of D12 to L4

Results: All patients are satisfied with near full correc-
tion average 90%.

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation Abstracts S215



Conclusion: PSO is an excellent method for manage-
ment of rigid thoracolumbar kyphosis in adults

Degenerative Cervical

GP053. Prevalence and Complications of Post-Operative
Transfusion for Cervical Fusion Procedures in Spine Surgery;
an Analysis of 11,588 patients from the ACS-NSQIP Database
Ahmed Aoude1, Sultan Aldebeyan2, Maryse Fortin2, Anas
Nooh2, Peter Jarzem2, Jean Ouellet2, Michael H. Weber3
1McGill University, Montreal, Canada
2Department of Orthopaedics, McGill University, Montreal, Canada
3McGill Spine and Scoliosis Research Group, Faculty of Medicine,
McGill University, Montreal, Canada

Introduction: Cervical spine fusion have gained inter-
est in the literature since these procedures are now ever more
frequently being performed in an outpatient setting with few
complications and acceptable results. The purpose of this
study was to assess the rate of blood transfusion after cervical
fusion surgery, and its effect, if any on complication rates.

Material and Methods: The American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP) databasewas used to identify patients that underwent
cervical fusion surgery from 2010 to 2013. Univariate and
multivariate regression analysis was used to determine post-
operative complications associated with transfusion and cer-
vical fusion.

Results: We identified 11,588 patients who had cervi-
cal spine fusion between 2010 and 2013. The overall rate of
transfusion was found to be 1.47%. All transfused patients
were found to have increased risk of: venous thromboembo-
lism (TBE) (OR 3.19, CI: 1.16–8.77), myocardial infarction (MI)
(OR 9.12, CI: 2.53–32.8), increased length of stay (LOS) (OR
28.03, CI: 14.28–55.01) and mortality (OR 4.14, CI: 1.44–
11.93). Single level fusion had increased risk of: TBE (OR
3.37, CI: 1.01–11.33), MI (OR 10.5, CI: 1.88–59.89), and LOS
(OR 14.79, CI: 8.2–26.67). Multilevel fusion had increased risk
of: TBE (OR 5.64, CI: 1.15–27.6), surgical site infection (OR
16.29, CI: 3.34–79.49), MI (OR 10.84, CI: 2.01–58.55), LOS (OR
26.56, CI: 11.8–59.78) and mortality (OR 10.24, CI: 2.45–
42.71). ACDF surgery had an increased risk of: TBE (OR 4.87,
CI: 1.04–22.82), surgical site infection (OR 9.73, CI: 2.14–44.1),
MI (OR 9.88, CI: 1.87–52.2), LOS (OR 28.34, CI: 13.79–58.21)
and mortality (OR 6.3, CI: 1.76–22.48). Posterior fusion sur-
gery had increased risk of: MI (OR 10.45, CI: 1.42–77.12) and
LOS (OR 4.42, CI: 2.68–7.29).

Conclusion: Our results demonstrate that although
cervical fusions can be done as outpatient procedures special
precautions and investigations should be done for patients
who receive transfusion after cervical fusion surgery. These
patients are demonstrated to have higher rate of MI, DVT,
wound infection and mortality when compared with those
who do not receive transfusion.

GP054. Laminoplasty for the Treatment of Cervical
Myelopathy. 5 Year Experience at University Clinic Colombia
Jorge E. Uribe M.1, Walter Chaparro2, Mario Herrera3
1Department of Orthopaedics, Organización Sanitas Internacional,
Bogotá, Colombia
2Ortopedia Organización Sanitas Internacional, Bogotá, Colombia
3Past President of the Spine Chapter of The Colombian Society of
Orthopaedic Surgeons, Member of the board of The Colombia Society
of Orthopaedic Surgeons, Bogotá, Colombia

Introduction: Cervical myelopathy affects primarily
elderly people, caused mainly by a degenerative process of

spondylosis in which both static (disc, ligament ossification,
congenital stenosis, tumors) and dynamic (flexion-extension
of cervical spine adaptive changes, nervous fiber elasticity,
ischemia, trauma) factors that lead to the compression and
diminished blood supply of the spine cord. The symptoms can
range from mild paresthesias according to the compromised
cervical level, gait disturbances, pain to as severe as paraple-
gia, with a natural history of chronic progression, Surgical
treatment of this entity include anterior or posterior decom-
pression with arthrodesis and laminoplasty. In this study we
aim to report the result obtained with Cervical Laminoplasty
described by O’brien during de years 2010 to 2015.

Material and Methods: An observational retrospective
descriptive study was performed, reviewing the clinical records
from preop to postop of patients with cervical myelopathy,
Functional information was gathered using the scale of the
Japanese Orthopaedic Association and Pain Analog Visual Scale.
X-rays were evaluated measuring canal diameter, Chiba’s line,
Pavlov index and signs of instability. MRI studies were used to
measure canal diameter in the axial plane and to identify signs of
myelopathy. Inclusion criteriawere patients older than 18 years,
that had both clinical and image diagnosis for cervical myelopa-
thy in which the O’brien laminoplasty was performed

Results: 10 patients with an average age of 74 (64 to
84yrs) completed follow up according to our inclusion criteria.
AVS improved from7 to 3. The JOA Scale showed improvement
in all the patients from 10 to 14 in the global score, which
corresponds to a progression from a Functional class II to I.
Images evaluation showed widening of the cervical canal as
seen with a 0.76 Pavlov index preop to 0.96 postop and a 33%
widening in the MRI sagittal view.

Conclusion: For the management of cervical myelopa-
thy, proper documentation of the pathology both clinical and
images allows to decide the adequate management of the
patient. The O’brien technique for cervical laminoplasty
proved to be an effective alternative in the treatment of this
entity.

GP055. Evaluation of Effectiveness of Riluzole in the
Treatment of Early Cervical Spondylotic Myelopathy using
Diffusion Tensor Imaging- A Double Blinded, Placebo-
Controlled Randomised Controlled trial
S. Rajasekaran1, Siddharth Aiyer1, Rishi Kanna1, Ajoy Prasad
Shetty1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India

Introduction: Treatment strategies in early cervical
myelopathy have not been adequately outlined and consider-
able controvery exsists regarding best treatment options in
such scenarios. There is inadequate evidence to suggest
superiority of surgical Vs Conservative management in such
cases with minimal dysfunction. Even with conservative
treatment no gold standard has been identified. We assessed
the efficacy of neuroprotective drug Riluzole in the treatment
of early cervical myelopathy. Benefits were assessed using
change in objective clinical scores, functional outcome and
analysis of diffusion tensor imaging which reflect the qualita-
tive and quantitative effects resulting from altered diffusion
characteristics in the myelopathic cord.

Material and Methods: Patients presenting with early
cervical myelopathy defined as Modified Japanese Orthopae-
dic Association (MJOA) scores of 13 or morewere recruited for
the double blinded, placebo controlled randomized control
trial. Total of 30 patients were studiedwith 15 patients each in
the test and placebo group. The subjects were analyzed with
diffusion tensor imaging(DTI) and clinical evaluation, pre and
post institution of Naþ channel blocker Riluzole for a period of
1month (50mg twice daily) for the test group and the placebo
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group received multivitamin tablets. Clinical assessment in-
cluded comparison of Nurick grade, MJOA scores, Neck dis-
ability index (NDI) and SF-12 scores pre and post drug
institution. Diffusion co-efficients fractional anisotrophy
(FA), apparent diffusion co-efficient(ADC), volume ratio(VR),
relative anisotrophy (RA) and eigenvectors were calculated
pre and post drug therapy. TheDTI datametric for diffusion co-
efficient generated were analyzed against placebo group.

Results: The mean MJOA score was 15.6 (13–17) with
no significant difference in the MJOA scores in either group.
None of the participants showed a change of Nurick grade
during the course of the study duration of 1 month. The mean
SF-12 scorewas 35.54/40.14(PCS/MCS) and changed to 37.47/
41.09(PCS/MCS) in the Riluzole group. Themean scores for SF-
12 and NDI for the Riluzole group did not show a significant
change following institution of drug. The mean ADC, FA values
were 1533.36(1238–1779) and 494.36(364–628) and changed
to 1531.57(1312–2091) and 484.86(294–597) in the Riluzole
group. However, the changes in the values of ADC,FA in the
two groups were not statistically significant. Datametric
evaluation of the other diffusion co-efficient did not show
significant change following drug therapy.

Conclusions: This study could not identify a significant
change in the clinical outcomes andDTI indiceswith the use of
Riluzole as a standalone pharmacotherapeutic agent for early
cervical myelopathy. Further investigation may be required to
confirm the effectiveness of neuroprotective drug Riluzole for
the treatment of cervical myelopathy.

GP056. Rationale, Design and Early Trial Performance of
AOSpine North America Multi-Center Double Blind
Randomized Controlled Trial of Safety and Efficacy of
Riluzole in CSM (CSM – Protect Trial)
Michael Fehlings1, Branko Kopjar2
1Division of Neurosurgery and Spinal Program, Department of
Surgery, University of Toronto, Toronto, Canada
2Department of Health Services, University of Washington, Seattle,
Washington, United States

Introduction: While surgical decompression is an ef-
fective treatment for CSM, many patients have substantial
residual neurological and functional impairment. Compelling
evidence from preclinical models suggest a benefit of adding a
neuroprotective drug which targets sodium/glutamate exci-
totoxicity to the treatment of patients with CSM.

The purpose of this study is to evaluate efficacy and
safety of sodium-glutamate antagonist riluzole in improving
neurological outcomes in patients with cervical spondylotic
myelopathy (CSM) undergoing surgical treatment.

Material and Methods: Prospective multi-center dou-
ble-blind randomized controlled trial in which a total of 300
patients undergoing surgical decompression for CSM will be
randomized 1:1 to riluzole 2x50mg daily for 14 days before
the surgery and 28 days after the surgery or to the placebo.
Primary outcome measure is change in mJOA between base-
line and 6months. Secondary outcomes include ASIA, SF36v2,
NDI, Eq. 5D, Pain VAS and complications. The sample size of
270 completed subjects will have 80% power to detect abso-
lute difference of 0.9 in mJOA score between the investiga-
tional and the control group. The statistical analysis is
organized as a sequential adaptive trial with one interim
analysis at 65% of the accrued sample for early futility and
efficacy. Adaptive statistical design allows for sample size
adjustment at the time of interim analysis.

Results: To date, 212 subjects have been enrolled.
Average age of the enrolled subjects is 58.1 years (SD 10.2);
56% males. The baseline mJOA is 11.9 (SD 1.5). Baseline NDI is

42.5 (SD 20.4) and the baseline SF36v2 Physical Component
Score (PCS) is 32.8 (SD 9.9).

Conclusion: In spite of the benefits of the surgical
intervention, patients with CSM experience significant resid-
ual impairment and neurological compromise. Adding neuro-
protective treatment with riluzole may improve outcomes of
surgery.This talk will emphasize the unique study design and
the biological rationale for considering riluzole as a potential
neuroprotective adjunct for patients undergoing surgery for
CSM

GP057. Results of Multi-Level (Three and Four Levels)
Cervical Disc Arthroplasty: Age-Weighted Linear Regression
Analysis: Results from a Single Centre
Mangattil Rajesh1, Shoaib Khan1, Shabtai Friesem1, Chandra
Bhatia1, Guru Reddy2
1University Hospital of North Tees, Stockton-on-Tees, United Kingdom
2Spine Unit, University Hospital of North Tees, Stockton-on-Tees,
United Kingdom

Introduction: The clinical outcomes of Multi-level disc
arthroplasties are variable in the literature. However, the
outcome results related to age would have a significant
bearing on our decisions in considering patients for surgery.
We reviewed 51 patients who had 3 & 4-level cervical disc
arthroplasties at our center.

Methods: The study involved a retrospective review of
prospectively collected data on Multi-level (three and four
levels) cervical arthroplasty patients with an average age of
54.64 (median age: 52, range: 34–80). Fifty one patients were
followed up for 2 to 5 years based on clinical outcomes scores
which were reviewed using data including NDI (Neck Disabil-
ity Index), Depression, Anxiety, Bodily Pain, Visual Analogue
score for Neck (VAS Neck), and Visual Analogue score for Arm
(VAS Arm). Scores were collected pre-operatively and at each
follow up at 3 months, 6 months, 1st and yearly afterwards.
Linear Regression Analysis was performed to look at the
impact of age on these scores.

Results: The study consisted of 24 females and 27
males. The average duration of symptoms was ~62 months
(range: 0–300months) for Multilevel Cervical Arthroplasty
patients. The indication for surgery was radiculopathy and a
combination of radiculopathy and myelopathy. Linear Regres-
sion Analysis for NDI and age showed a Pearson Co-relation
(r ¼ 0.243); P Value: 0.051, for VAS Neck (r ¼ 0.251); P Value:
0.044, VAS Arm (r ¼ 0.392); P Value: 0.001. The slope on the
scatter plots for these 3 outcome scores showed there was a
better outcome with age. There was significant improvement
in the score with age (< 0.05).

Conclusion: Our results indicate that there is a strong
co-relation between age of the patient and their NDI, VASNeck
and VAS Arm scores in Multi-level Cervical Disc Arthroplasty.
It would appear that the advancing age results are better. The
reason is most likely multifactorial including duration of pre
op symptoms, severity of pathology and patient expectations.

GP058. Surgical Management of Recurrent Compressive
Myelopathy after Anterior Cervical Discectomy and Fusion
Mohammad Negm1

1Department of Orthopaedic Surgery, Al-Azhar University, Cairo, Egypt

Introduction: Recurrent myelopathy after anterior cer-
vical discectomyand fusion is a rare condition, the literature in
this entity were limited. This recurrence may occur at the
same level or in adjacent level/s, usually the proximal level, the
compressing element either anteriorly by a newly prolapsed
disc or posteriorly by enfolding of the ligamentum flavum
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Material and Methods: From 2008 to 2012, 9 cases of
recurrent cervical myelopathy were treated surgically at Bab
El-Sheria university hospital, all of them had an anterior
cervical discectomy before with a good improvement after
surgery. All patients were evaluated clinically by both JAO
score andNurick’s grades and radiologically by plain X-ray and
MRI, In MRI the pattern of compression were evaluated in T2
waited image and the cordwas evaluated according Yasutsugu
classification. . 6 out of the 9 cases were operated through
anterior approach and 3 via posterior approach. The mean
follow up period was 30.7 months.

Results:All cases in this studywere improved clinically
and radiologically, the average time of surgery were 65
minutes (45–80), the average blood loss 140cc (100–170cc),
non of patient develop any major complication, only 4 cases
suffering mild dysphagia which improved spontaneously,
Improvement of JAO score was evaluated by the Recovery
rate (RR), according toHirabayashi’smethod. All patientswere
satisfied as they regain all or most of their previous activity
and work. 7 out of 9 cases (77.8) classified as excellent result
according to improvement of JAO, RR 70%. Other 2 cases
classified as good result

Conclusion: Excellent results could be obtained
through this procedure, improvement in clinical outcome
and cord condition was evident.

GP059. Stand Alone Anterior Multiple Levels Cervical Cage
Mohamed Khattab1, Mohamed Khattab1, Sherief El Ghamry2,
Youssry El-Hawary3, Youssry El-Hawary3, Youssry El-Hawary3
1Orthopaedic Departement, Ain shams Univerisity, Cairo, Egypt
2Orthopaedic Departement, Alsalam International Hospital, Cairo,
Egypt
3Orthopaedic Departement, Alkasr Elainy Medical School, Cairo, Egypt

Introduction: Anterior cervical discectomy and fusion
is common surgical procedure for treatement of cervical
spondylotic radiculopathy and or myelopathy after failure of
conservative management. Previous studies of multilevel
cervical discectomies and fusions have shown decrease fusion
rates with increase number of surgical levels .fusion rate and
sagittal contour is better with anterior plating but complica-
tions like increase dysphagia rates, tracheoesophageal lesions,
plate malposition and accelerated adjacent disc degeneration,
even when low-profile plates are used. Further To avoid the
adverse effect of autograft harvesting techniques Allograft can
be used. Cages were used to add stability and prevent graft
complications.Stand alone PEEK cages filled with Allograft
were used in 3–4 levels anterior cervical discectomy and
fusion .

Material andMethods: 33 patients 18males 15 females
28 with cervical spondylotic radiculopathy and 5 With cervi-
cal spondylotic myelopathy was treated with multiple levels
anterior cervical discectomies and fusion using stand alone
PEEK cages filled with Allograft. Total numbers of levels114,
18 patient operated for 3 levels ACDF and 15 patients operated
for 4 levels .Clinical evaluation using visual analogue scale
(VAS), neck disability index (NDI), and patient satisfaction
were analyzed . Cervical lordosis, cervical fusion and compli-
cations were assessed.

Results: Improvement of the clinical outcome and the
radiological parameters were detected

Conclusion: 3–4 levels anterior standalone PEEK cages
filled with allograft is very good option for treatment of
degenerative cervical disc disease with low complication
rate, good clinical and radiological outcomes.

GP060. Reliable Measure of Safe Zone for Cervical Spinal
Surgery in Keeping of the Embryologic Origins of the Course
of the Recurrent Laryngeal Nerve (RLN) on Right and Left
Ali Rajabian1, Nasir A. Quraishi1
1Nottingham Spine Centre, Queen’s Medical Centre, Nottingham
University Hospitals, Nottingham, United Kingdom

Introduction:Considerable variations are observed of a
“safe zone” for avoiding RLN injury during anterior cervical
exposures. Most studies have attempted to accurately mea-
sure RLN versus the background of cervical vertebrae level.
However all studies so far have not factored-in the unique
embryology of RLN following the descent of the aortic arches.
Thus, making it a floating structure separate from the bony
spine. We aimed to measure the positional variation of this
floating complex (RLN, Larynx, Esophagus) in fresh cadavers
that are not yet fixed.

Methods: 8 fresh cadavers were dissected to measure
the point at which RLN on the right and left sides joined the
tracheoesophageal groove TEG medially (considered safely
protected) thence ascending to enter larynx. This was also
measured against backdrop of the cervical level with neck in
neutral and extension.

Results: The RLN joins the TEG 4.45 cm vertically
inferior to laryngeal prominence on the right and 7.7 cm on
the left (Range of þ/� 0.5 cm). There were significant varia-
tions of this point (RLN joining TEG) measured with neck in
neutral and extension by ~1.8 cm (þ/� 0.3 cm) (the length of
one vertebral level (Photographed).

Conclusion:While the use of vertebral level landmarks
may work well for nerve structures exiting or attached to the
“fixed” spine, landmarking of a totally freefloating nerve, such
as the RLN is not practical. This nerve is closely related
embryologically to that of the pharyngeal pouches and aortic
arches and can undergo positional variation as described.
Neck positioning during anterior cervical procedures can
produce variations in the location of the recurrent laryngeal
nerve. This is due to this structure as a “free floating nerve”
and its different embryological origins (to the spine). The RLN
joins the TEG ~4.5cm and 8 cm below the laryngeal promi-
nence on the right and left sides respectively.
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GP061. Surgical Outcome of the Selective Posterior Spinal
Fusions for Ossification of Posterior Longitudinal Ligament
in the Cervical Spine
Takuya Mishiro1, Hiroaki Manabe1
1Department of Orthopedic Surgery, Takamatsu Red Cross Hospital,
Kagawa, Japan

Introduction: It is widely known that laminoplasty (LP)
and anterior cervical fusions have been performed for ossifi-
cation of posterior longitudinal ligament (OPLL). But progres-
sion of kyphosis and development of the ossification after
surgery sometimes cause aggravation and revival of the
symptoms. Recently, several authors reported that posterior
cervical spinal fusion (PSF) for patients with OPLL. The pur-
pose of this study is to assess surgical outcome of the selective
spinal fusions for OPLL in the cervical spine.

Method: From 2010 to 2014, twenty seven patients
with OPLL (mean age 68 years) who underwent surgical
treatment with LP (14 patients) or PSF (13patients) were
included in this study. Surgical outcomes were assessed by
operative time, amount of bleeding and complications.Radio-
graphicmeasurement included change of the alignment in C2/
C7 (cervical lodosis), range of motion of cervical spine. Neu-
rological function was assessed using a Japanese Orthopaedic
Association Scale (JOA).

Result: Mean follow-up period is one year. The opera-
tive time was slightly longer in PSF group, but amount of
bleeding was not significance. One patient had C5 paralysis in
PSF group. In fixed range at PSF group, one interbody fixation
was three cases, two fixations were seven cases and three
fixationswere three cases. On radiographic analysis, themean
change of alignment at last follow-up period were 2.8° � 6.5°
(LP) and 1.6° � 6.9° (PSF). Range of motion of cervical spine
were 8.6° � 9.6° (LP) and 9.9°�7.6°(PSF). There was not
significant difference between two groups at pre-operative
JOA score. Improvement rate of JOA scorewere 55.7% � 32.2%

(LP) and 42.3% � 25.4% (PSF). There was no significant differ-
ence between both groups in all categories.

Conclusion: It is natural to preserve as much as possi-
ble mobility in cervical spine. On the other hand, there is
another opinion that instability of the cervical spine at
boundary of ossification zone is related to development of
ossification. It may prevent ossification to obtain stability of
the cervical spine. In comparison with the LP, PSF did not
adversely affect the clinical and radiographic outcomes in this
study. This result suggested the possibility that PSF maintains
a function of the cervical spine and prevents ossification.
Limitation of our study include the short follow-up period and
various fixed range. It is necessary to observe long-term
progress.

GP062. The Modified Japanese Orthopaedic Association
Scale: Establishing Criteria for Mild, Moderate, and Severe
Disease in Patients with Degenerative Cervical Myelopathy
Lindsay Tetreault1, Aria Nouri1, Anoushka Singh1, Ronald
Bartels2, Branko Kopjar3, Paul Arnold4, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Department of Neurosurgery, Radboud University Medical Center,
Nijmegen, Netherlands
3Department of Health Services, University of Washington, Seattle,
Washington, United States
4Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States

Introduction: The modified Japanese Orthopaedic As-
sociation (mJOA) score is a validated, investigator-adminis-
tered tool used to evaluate functional status in patients with
degenerative cervicalmyelopathy (DCM). This scale is increas-
ingly used in this population to measure baseline myelopathy
severity, postoperative improvements and social indepen-
dence. There is, however, no study that determines what
scores on the mJOA constitute mild, moderate and severe
disease. Patients in different severity categories are managed
differently both intraoperatively and postoperatively; there-
fore, establishing this criteria has clinical value across the
whole spectrum of care. This study aims to determine appro-
priate cut-offs between mild, moderate and severe myelopa-
thy and to examine the construct validity of these definitions.

Material and Methods: Between December 2005 and
January 2011, 757 patients with clinically-diagnosed and
imaging-confirmed CSM were enrolled in either the prospec-
tive, multicenter CSM-North America (n=278) or CSM-Inter-
national (n=479) study at 26 global sites. Functional status and
quality of life were evaluated in these patients at baseline and
at 6-, 12- and 24-months postoperative using awide variety of
outcome measures, including the mJOA, Nurick score, Neck
Disability Index (NDI) and Short-form-36 (SF-36). Using the
Nurick grade as an anchor, ROC analysis was conducted to
determine the cut-offs between mild and moderate myelopa-
thy and between moderate and severe disease. These cut-offs
were validated by developing and testing various constructs.
Specifically, we examined whether patients in different se-
verity groups had significantly different functional im-
pairment, disability, symptomatology, imaging findings and
post-treatment improvements. Finally, members of AOSpine
International were surveyed to seewhat professionals viewed
as appropriate cut-offs between severity categories.

Results: In ROC analysis, a mJOA of 14 was determined
to be the cut-off between mild and moderate myelopathy and
a score of 11 as the score between moderate and severe
disease. Patients in the severe myelopathy group (n=254)
had significantly reduced quality of life and functional status
and a greater number of signs and symptoms than patients
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classified as mild (n=193) or moderate (n=296). Furthermore,
severe patients required greater improvements on the mJOA
to achieve a minimum clinically important difference. From
our survey, a score of 15 (n=143, 34.38%) was the most
commonly selected cut-off between mild and moderate mye-
lopathy (mean 14.38). Themajority of respondents selected10
(n=178, 42.79%) as the mJOA cut-off between moderate and
severe myelopathy (mean 11.26)

Conclusion: Based on our results, mild myelopathy can
be defined as a mJOA=15-17, moderate as mJOA=12-14 and
severe as mJOA < 12. These categories are the same as those
established by the AOSpine study group for the purpose of the
CSM-North America study.

GP063. Change in Function, Pain, and Quality of Life
following Structured Nonoperative Treatment in Patients
with Degenerative Cervical Myelopathy: A Systematic
Review
Lindsay Tetreault1, Mohammed Shamji1, John Rhee2, Jefferson
Wilson1, Ian Anderson3, Anna Dembek3, Krystle Pagarigan4,
Joseph Dettori4, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Departments of Orthopedic and Neurosurgery, Emory University,
Atlanta, Georgia, United States
3Department of Physical Therapy, University of Puget Sound, Tacoma,
Washington, United States
4Spectrum Research, Inc., Tacoma, Washington, United States

Introduction: The role of structured nonoperative
treatment for the management of DCM is not well defined,
and surgery is typically recommended as the default treat-
ment option for patients with moderate and severe myelopa-
thy. This study aims to conduct a systematic review of the
literature to determine (1) the change in function, pain and
quality of life following structured nonoperative treatment for
degenerative cervical myelopathy (DCM); (2) the variability of
change in function, pain and quality of life following different
types of structured nonoperative treatment; (3) the differ-
ences in outcomes observed between certain subgroups (i.e
baseline severity score, duration of symptoms); and (4) nega-
tive outcomes and harms resulting from structured nonoper-
ative treatment.

Material and Methods: A systematic search was con-
ducted in Embase, PubMed, and the Cochrane Collaboration
for articles published between January 1, 1950 and February 9,
2015. Studies were included if they evaluated outcomes
following structured nonoperative treatment, including ther-
apeutic exercise, manual therapy, cervical bracing and/or
traction. Outcomes of interest were functional status (Japa-
nese Orthopedic Association (JOA), Nurick), pain in upper
extremities and neck, quality of life (Neck Disability Index),
and/or conversion to surgery. The quality of each study was
evaluated using the Newcaste-Ottawa Scale and the strength
of the overall body of evidence was rated using guidelines
outlined by the Grading of Recommendation Assessment,
Development and Evaluation Working Group.

Results: Of the 570 retrieved citations, eight met the
inclusion criteria and were included in this review. There is
very low evidence to suggest that structured nonoperative
treatment for DCM results in a positive or negative change in
function, pain and quality of life as evaluated by the JOA score.
There is also limited evidence from three studies indicating
that early structured nonoperative treatment (duration of
symptoms < 1 year) may be associated with positive clinical
outcomes. There were no studies that directly compared
structured nonoperative treatment types and no studies
that explored outcomes based on patient subgroups. The

rate of conversion to surgery was reported to be between
23-54% in mostly cases of mild or moderate myelopathy
(JOA�12).

Conclusion: There is a lackof evidence to determine the
role of nonoperative treatment in patients with DCM. How-
ever, in the majority of studies, patients did not achieve
clinically significant gains in functional status following struc-
tured nonoperative treatment. Furthermore, rates of failed
conservative treatment were between 23-54%.

GP064. Change in Impairment Following Operative
Treatment of Degenerative Cervical Myelopathy: A
Systematic Review and Meta-Analysis
Mohammed Shamji1, Lindsay Tetreault1, Shekar Kurpad2, Darrel
Brodke3, Justin Smith4, Paul Arnold5, Erika Brodt6, Joseph
Dettori6, Michael Fehlings1
1Department of Surgery, Division of Neurosurgery and Spinal
Program, University of Toronto, Toronto, Canada
2Medical College of Wisconsin, Milwaukee, Wisconsin, United States
3Department of Orthopedics, University of Utah, Salt Lake City, Utah,
United States
4Department of Neurological Surgery, University of Virginia,
Charlottesville, Virginia, United States
5Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States
6Spectrum Research, Inc., Tacoma, Washington, United States

Introduction: The primary objective of this work was
to define the neurological benefit conferred by surgical inter-
vention to patients with degenerative cervical myelopathy
(DCM). Secondary objectives included assessing how preop-
erative disease severity and duration impacted on that benefit
and defining the surgical complications encountered by these
patients.

Material and Methods: A search was undertaken for
articles published until May 2015 evaluating the operative
treatment of DCM using electronic databases. Prospective
studies of adult surgical myelopathic patients were included.
Extracted data included study design, patient demographics,
diagnosis, surgical approach, preoperative and postoperative
neurological status (mJOA, NDI, Nurick, VAS), and complica-
tions. Preoperative disease severity and duration of symptoms
were recorded. Risk of bias (Newcastle-Ottawa Scale) and
quality of evidence (Grades of Recommendation Assessment,
Development and Evaluation) were assessed. Primary out-
comes included assessment of change in neurological (graded
by mJOA, NDI, and Nurick scores) and pain (graded by VAS
score) following surgical intervention for myelopathic pa-
tients. Secondary outcomes were also assessed for dependen-
cy on preoperative duration of symptoms and preoperative
disease severity. Safety of surgery was assessed by pooled
estimates of perioperative complications encountered.

Results: Among 32 included studies, surgical interven-
tion for DCM patients provided clinically-significant improve-
ment in neurological dysfunction and pain. This improvement
occurred at short-term assessment (fewer than 12 months)
and was durable in longer-term (greater than 36 months),
consistent over several different scoring systems. Shorter
duration of symptoms may be associated with a higher
likelihood of neurological recovery.

Conclusion: Surgical intervention for DCM is an appro-
priate evidence-based therapy with an acceptably low rate of
perioperative complication. Further work is important to
define optimal surgical approach and timing.
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GP066. Mini Anterior Lumbar Interbody Fusion: One Year
Follow Up for a Novel Device
Khaldoun ElAbed1
1Department of Orthopaedics, Sharjah, United Arab Emirates

Introduction: This study is a prospective cohort obser-
vational trial, to evaluate the ROI-A (Radiolucent Open Im-
plant-ALIF) and VerteBRIDGE plate construct, in the treatment
of symptomatic lumbar degenerative disc disease. The princi-
pal advantage of anterior approach is that the risks associated
with exploration of the spinal canal through a posterior
approach can be avoided and damage to the muscles of the
back is eliminated. The anterior approach offers superior
visualization of the disc space itself, and can be done without
disruption of the otherwise healthy posterior elements. The
Mini ALIF retroperitoneal approach facilitates rapid patient
recovery.

Materials and Methods: The ROI-A (Radiolucent Open
Implant-ALIF) is made from PEEK (Polyetheretherketone), a
medical grade plastic, and two metallic anchoring plates,
marketed as VerteBridge, which provide both stability at the
site of desired bony fusion and fixation of the implant to the
vertebrae adjacent to the interbody device. Inclusion Criteria:
18 patients between the ages 31 and 65 years of age; Disc
disease between L2-S1; Patients may have up to grade I
spondylolisthesis or retrolesthesis at the involved site; Maxi-
mum two diseased vertebral motion segments to be instru-
mented; Has had no more than two previous non-fusion
surgeries to the lumbar soine at the same level(s); Has failed
to respond to an appropriate attempt at conservative treat-
ment. Exclusion Criteria: More than two vertebral motion
segments involved; Prior anterior, retroperitoneal approach;
Has had previous anterior instrumented fusion at the pro-
posed operative level; Higher than grade I spondylolisthesis or
retrolisthesis at the involved level(s); Has reported active
malignancy, localized or systemic infection; Morbid obesity,
as defined by NIH Clinical Guidelines Body Mass Index (BMI
> 40); Patients with a diagnosis of osteoporosis, osteopenia,
Paget’s or other metabolic bone disease; Patients who smoke
more than 1 pack per day; Has an active workers compensa-
tion claim relative to the involved part. Outcome Measures:
Subjects are evaluated clinically pre-operatively, 6 weeks and
12 months post op by the pain questionnaire (VAS), and
function questionnaire (ODI); The radiological measures in-
cluded the segmental lordosis, integrity of the construct, and
presence of bridging bone; Fusion success is defined as
presence of bridging bone, and postoperative intervertebral
motion at 12 months which is less than 5 degrees, via manual
radiographic angular measurements (Cobb Method) of the
implanted level(s) onflexion and extension radiographs at the
12 month follow up visit.

Results: The VAS has improved from an average of 9
preop to an average of 2 postop. ODI score has reduced an
average 30 points frompreopmeasurement. 83% (15 patients)
went on bony fusion at the radiological assessment 12 month
post op. None of the patients underwent revision, removal of
implant, supplemented fixation, or re-operation. One patient
developedmechanical ileus for 48 hours postop, resolvedwith
NG tube.

Conclusion: Mini anterior inter-body fusion is a valid
option when treating degenerative/discogenic back pain, the
ROI-A implant is a safe and simple, with satisfactory results up
to 12 month, according to our pilot study.

GP067. Radiological Outcome of Lumbar Lordosis Restored
following Extreme Lateral Interbody Fusion (XLIF) Plus
Pedicle Screw Insertion (PSI)
Saif U. R. Rehman1
1Orthopedic Spine Department, King Faisal Specialist Hospital and
Research Centre, Riyadh, Saudi Arabia

Introduction: Radiological outcome of Lumbar Lordo-
sis restored following Extreme Lateral Interbody Fusion (XLIF)
plus Pedicle Screw Insertion (PSI). Improving sagittal align-
ment in the lumbosacral spine following fusion for degenera-
tive spinal disease remains an important goal of surgery.
Numerous surgical techniques have been promoted as im-
proving lumbar lordosis, elevating the height of the disk, and
facilitating the decompression of the neural elements. Inter-
body support techniques are frequently cited as a reliable
method of maintaining or improving segmental sagittal pro-
file. Thehistorical use of structural autograft has recently been
supplemented by the increasing popularity of synthetic cages.
Numerous cage configurations are available. Wedge-shaped
cages are generally preferred because studies have shown this
geometric shape to have a significant impact on the improve-
ment of lordosis. Anterior cages have been cited as the most
reliable method to restore anterior lordosis and disk space
height. Posteriorly placedwedged cages have been shown in a
prospective randomized study to maintain but not improve
segmental lordosis following a posterior lumbar interbody
fusion combined with pedicle instrumentation. In his study
we observed that XLIF cages increases disc height, opening
neural foramen, indirectly opening spinal canal by stretching
out retrobuldged posterior longitudinal ligament and restor-
ing biomechanics by correcting lumbar lordosis

Material and Methods: This is a retrospective study to
review all cases of degenerative disc disease of lumbar spine
that underwent Extreme Lateral Interbody Fusion (XLIF) and
Pedicle Screw Insertion (PSI) from 1st June 2009 to 31st May
2011. From June 2009 to May 2011, 17 patients (14 female,
3male) were included. The electronic patient record which
includes preoperative and postoperative radiographic results
were reviewed and abstracted into an electronic database.
Data entered in Data Form then in Excel sheet,, number of disc
involved, type of surgery anterior instrumentation (Extreme
lateral Interbody fusion XLIF), posterior instrumentation
(pedicle screw fixation PSF), Posterolateral bone grafting,
both Pre & immediate postsurgical Cobb angles and disc
heights were measured.

Results: From June 2009 to May 2011, 17 patients (14
female, 3male) were included. The mean patient`s age at
surgery was 61.88years (range 47–80). The mean of Preop
disc height was 8.54mm and the mean Post XLIF disc height
was 13.01mm. The mean of Preop Global Lumbar Lordosis
(Cobb Angle) was 30.72° (range 7.80°-54°.90°) as well as the
mean of Post XLIF Global Lumbar Lordosis (Cobb Angle) was
29.48° (range 9.70°-59°). The number of disc involvedwas one
in 12 cases, two in 2 cases and three in 3 cases. Sixteen cases
were underwent Anterior and Posterior instrumentation ex-
cept one patient who underwent stand alone XLIF cage. The
Posterolateral bone grafting was done in four cases. Through
using a McNemar-Bowker Test, there is a strong association
between the Pre-OpDiscHeight and the Post-XLIFDiscHeight,
P –value < 0.05. In addition, There is a strong association
between the PRE-OP GLOBAL LUMBAR LORDOSIS (Cobb An-
gle) and the POST- XLIF GLOBAL LUMBAR LORDOSIS (Cobb
Angle) P-value < 0.05.

Conclusion: XLIF cages increases disc height, opening
neural foramen, indirectly opening spinal canal by stretching
out retrobuldged posterior longitudinal ligament and restor-
ing biomechanics by correcting lumbar lordosis
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GP068. Influence of Lumbar Lordosis Restoration on Clinical
Outcome in Degenerative Lumbar Patients from the “Pre-
Balance” Period: Ex Post Analysis of Spinal Parameters
Restoration and Clinical Outcome in a Medium Follow-Up
Carlotta Martini1, Edoardo Maria Pieracci2, Paolo Lepori3
1Chirurgia Vertebrale II, Istituto Ortopedico Galeazzi, Milano, Italy
2Medical School, University of Pisa, Pisa, Italy
3Department of Neurosurgery, University Hospital of Pisa, Pisa, Italy

Introduction: Restoration of spinal balance is a widely
accepted principle of spinal surgery planning. There is a huge
amount of data supporting the correlation of clinical outcome
and the restoration of theoretical physiological curves of the
spine. Flat or hypolordotic fixations are rarely seen today, but
there is someonewho claims that spinal balance principles are
too often pushed to extremes and, surprisingly, there is still
some resistance to accept the routinary application of these
concepts in the “simple” degenerative surgery, claiming that
in short fixations for degenerative lumbar spinal disease it is
not mandatory to be strict in the restoration of correct,
theoretical spinal parameters to achieve satisfactory clinical
results. In this studywe present a homogeneous population of
patients, operated by a single surgeon in a 3 years time, 7 to 10
years ago, with homogeneous degenerative pathology and
similar constructs (2 to 4-level fixations). The peculiarity of
this study is that all the patients have been operated regard-
less to spinal parameters restoration, because at the time of
surgery the presurgical planning of spinal curves was not
being sistematically adopted. The population is therefore a
kind of spontaneous randomization, with patientswith a good
restoration of spinal theoretical curves and patient who didn’t
get any correction of sagittal curves.

Material and Methods: 36 patients with homogeneous
diagnosis of degenerative spinal disease, operated by a single
surgeon with a 2 to 4-level fixation until 2010 has been
selected. ODI and Prolo scales has been used for direct clinical
evaluation. The mean last follow-up was 4 years 4 months,
with a minimum of 3 years. Radiological assessment has been
performed by lumbar standing XRays AP and LL pre and
postop, and PI-LL mismatch and the difference between
theoretical lordosis and effective postoperative lordosis have
been calculated. Statistical evaluation used Spearman corre-
lation test between PI-LL mismatch and clinical scales values.

Results: Statistical correlation exists between clinical
scale values and PI-LL mismatch. As a qualitative result, we
observed that the higher is the difference between theoretical
lordosis and effective postsurgical lordosis, the higher is the
incidence of construct failure.

Conclusion: According to the results of this study,
respect of the spinal balance principles seems to be helpful
to achieve good clinical results in a medium follow-up for
lumbar degenerative patients. These results come from a
dataset that is not culturally influenced by spinal balance
principles, coming from the past. Additionally, the single-
surgeon, single-observer and single-center experience is
somehow minimizing the confounding factors that usually
affects this kind of studies.

GP069. Is there Sacral Defromity Predisposing to L4
Degenerative Spondylolysthesis?
Máximo-Alberto Díez-Ulloa1, Daniel Barahona-Lorenzo2, Adrian
Gallego-Goyanes1
1Department of Orthopaedics, Universitary Hospitalary Complex
Santiago de Compostela, Santiago de Compostela, Spain
2CHU Insular Materno Infantil Las Palmas de Gran Canaria, Las Palmas
de Gran Canaria, Spain

Introduction: Degenerative spondylolysthesis results
from anteroposterior instability, giving rise to a facet remod-
eling, generally at the L4L5 level. For istmic lythihc spondy-
lolydsthesis an intrinsic sacral deformity has been described
(Antoniades Spine 2000, Díez-Ulloa Proc Geer 2007). This
sacral kyphosis, if present could contribute to a disbalance
scenario that would render L4 more prone to olysthesis.

Hypothesis: A sacral kyphosis S1S2 could be a contrib-
uting factor to degenerative spondylolysthesis at L4L5.

Matherial and Methods: A control group (group C),
matchable for age and gender, was compared with a series of
83 patients with L5 istmic lythis spondylolysthesis (group D).
Proximal sacral kyphosismeasured by the angle formed by the
S1 posterior wall and the S2 posterior wall, if S1 was kyphotic
on S2 then it was considered a positive angle, other wise being
negative.

Statistics: SPSS 21.0, working with means or medians
and appropriate tests after studying whether the variable
showed a normal distribution.

Results:GroupC lordosis -2° (minimum -8°;maximum
þ7°). Group D kyphosis þ2° (minimum -14°; maximum
þ22°). There were statistically relevant differences between
group C and group D.

Conclusion: An intrinsic sacral deformity might be a
contributing factor to L4 degenerative spondylolysthesis in a
degenerative environment.

GP070. Degenerative Scoliosis deNovo: Prospective Studyof
50 Cases Operated with Stand-Alone ALIF with One Years
Minimum Follow-Up
Gilles Norotte1
1Department of Spinal Surgery - Orthopedy and Traumatology, Gap,
France

Introduction: Posterior approach in degenerative sco-
liosis de novo is related to high rate of complications in elderly
people. In a previous retrospective and comparative report in
2009 (French Spinal Society), Stand alone ALIF/OLIF proved a
less iatrogenic procedure to relief the pain and meet patient’s
expectations. A prospective study including 50 patients has
been performed to confirm this previous report, with at least
one-year follow-up.

Material and Methods: The indications are based on a
specific classification according to the biomechanism of the
rotatory discogenic collapse. Therefore, two homogenic
groups are compared. The details of the procedure are impor-
tant with elderly people to avoid vascular complication or
subsidence (preventive vertebral augmentation) due to oste-
oporosis. Stand alone ALIF/OLIF using a Peek cage .The cage
and disk space are filled with nanoparticles of HAP. The
outcomes are assessed with VAS, ODI, Kim&Kim score, stan-
dard radiography and spinogram at two, six and twelve-
month follow-up periods.

Results: The two groups have specific physiopathology
and epidemiology. But, outcomes are very similar after one-
year follow-up. Surprisingly, it is not related to the number of
disk’s levels (1 to 4) operated on. According to Kim&Kim score:
30% have excellent outcome, 60% good result. VAS drops from
7/10 to 2/10 at one year. Complications (10% poor results) are
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mainly related to vertebral body fractures (upper endplate of
L5). Posterior Vertebral augmentation was not efficient to
improve the score. Symptomatic effect of sympathectomy is
noted (8%) but with good acceptance. Revision rate is 6%
mainly due to the persistence of a radiculopathy linked to
posterior stenosis. A posterior decompression was performed
after 4 months and relieved the symptoms. Radiologic fusion
rate is 90% with HAP nanoparticles. It proves a low cost, less
iatrogenic than BMP 2 and efficient solution in elderly people.

Conclusion: This prospective study confirms that Stand
alone ALIF/OLIF is a better procedure to relieve the pain and
meet patient’s expectation compared with posterior instru-
mented surgery. Preserving posterior musculature and re-
shaping the anterior “lumbar arch,” Stand alone ALIF improves
the sagittal balance in a physiological way. Osteoporosis
required a “systematic” vertebral augmentation by anterior
approach to lower subsidence or vertebral body fractures rate.

GP071. Lumbosacral Parameters and Intervertebral Disc
Changes in Adult Patients with Pars Defects
Abdul Moeen Baco1, Khalid Mukhtar1, Nasser Mehrab Khan1,
Syed Imran Ghouri1, Emad Salman Shaikh1
1Orthopaedic Department, Hamad Medical Corporation, Doha, Qatar

Introduction: Pars defect refers to fracture in the pars
inter articularis and is believed to be one of the leading cause
of back pain. Pars defects usually acquired and caused by
microtrauma. Spondylolysis is seen in 4–6% of population. 82%
occur at L5/S1 and 11% occurs L4/5 (11%).

Materials andMethods:BetweenMarch 2013 andApril
2014, we collected particulars of all patients presenting with
low back painwith pars defects on standing erect lumbosacral
spine X-rays. Patients were excluded if they had (1) Deformity,
(2) Non availability ofMRI. 57 patients were included. Their X-
rays and MRI were studied by two orthopedic surgeons
measuring: Lumbar lordosis and Sacral slope on Plain Xrays;
Lumbar slip according to meyereding grading; Intervertebral
disc status on MRI: (1) Disc degeneration according to Pfir-
mann’s grading, (2) Degree of disc prolapsed.

Results: 57 subjects had their data reviewed: 30males,
27 females; ages ranged between 15 and 65 years (mean
age ¼ 40 years). Data was collected and cleaned using Micro-
soft Excel .Then analysis done using SPSSver.17.characteristics
of the sample population were displayed in frequency tables
while testing for correlations as wellas student t-testwere
taken as significant for P values < 0.05. There’s a significant
difference between males and female ages (p-value 0.01);
males were younger with a mean age of 37 years versus 45
years. Sacral Slope: Ranged between 17 – 64 degrees (Mean
¼ 38 degrees). Lumbar Lordosis: ranged between 15 – 77
degrees (Mean ¼ 52 degrees). Slip degree according to
myerdings grading: Grade 0 ¼ 38%, Grade 1 ¼ 58%, andGrade
3 ¼ 4%. On MRI disc changes according to Pfirmann’s grading
was grade 1 26%, grade 2 5%, grade 3 24%, grade 4 32%, grade 5
11%. And finally the disc prolapse severitywasas under: (1) No
bulge 32%, (2) Bulge 29%, (3) Extrusion 34%, (4) Sequestration
4%. Statistically significant correlation found between: (1) Age
and degenerative disc changes; cor. coefficient 0.43 and p
value 0.001; (2) Age and prolapsed disc; cor. coefficent 0.39
and p value 0.003; (3) Degenerative disc changes and pro-
lapse; cor. coefficient 0.83 and p value < 0.001; (4) Between
sacral slope and lumbar lordosis; cor. coefficient 0.72 and p
value < 0.001.

Conclusions: There is increased prevalence of disc
degeneration in patients with pars defect. There is direct
correlation between age and disc degeneration plus degree
of disc prolapse. Severity of degeneration is directly related to
degree of disc prolapse. The lumbar lordosis and sacral slope

were not found be statistically related to degree of spondylo-
listhesis. The disc is not protected in patients with defect.

GP072. Stand Alone ALIF for Degenerative Lumbar Spine
Diseases
Yasser Elbanna1
1Spine Division, Department of Neurosurgery, Alexandria University,
Alexandria, Greece

Introduction: With progress continuing in the devel-
opment of anterior lumbar constructs, the need for complete
anterior access to the lumbar spine continues to increase.

Material and Methods: The study included 18 patients
with various types of degenerative lumbar spine diseases as
degenerative disc lesions with or without hernias (15), de-
generative spondylolisthesis (2) and degenerative stenosis
(one case). The follow up period was 6 months.

Results: Back and leg pain have been markedly im-
proved and assessed by ODI.

Conclusion:With various techniques evolving over the
years, the mini-open retroperitoneal approach is becoming
the standard, with decreased complication rate, better cosm-
esis and less abdominalwall disruption to provide exposure to
the lumbar spine.

GP073. Unplanned Reoperation of Lumbar Spinal Surgery
during the Primary Admission: A Multicenter Study Based
on a Large Patient Population
Jiaming Liu1, Zhili Liu1, Shanhu Huang1, Huilin Deng1
1Department of Orthopedic Surgery, the First Affiliated Hospital of
Nanchang University, Nanchang, China

Introduction: Unplanned reoperation is suggested to
be a useful quality indicator for spinal surgery. However, the
rates of unplanned reoperation in patients underwent lumbar
spinal surgery during the primary admission are not well
established. The purpose of this studywas to identify the rates
and reasons, also the risk factors for unplanned reoperation of
lumbar spinal surgery during the primary admission in terms
of a multicenter and a large patient population study.

Materials and Methods: A retrospective study was
performed to review all the patients who underwent lumbar
spinal surgery at three institutions from January 2010 to April
2015. Patients with unplanned reoperations after primary
surgery during the same admission were included in this
study. The demographics, diagnosis, surgical procedure and
complications of patients were reviewed and statistical anal-
ysis was performed to investigate the incidences and risk
factors of unplanned revision.

Results: A total of 3936 patients who underwent
lumbar spinal surgery from three institutions were reviewed,
and 82 (2.08%) required unplanned reoperation during the
primary admission because of wound infection (0.94%), screw
misplacement (0.53%), cerebrospinal fluid leakage (0.27%),
wound hematoma (0.18%) and neurologic deficit (0.15%).
For the diagnosis, patients with lumbar spinal spondylolis-
thesis had amuch higher rate of reoperation (4.3%) than those
of lumbar stenosis (2.3%), vertebral tumor (2.2%), vertebral
fracture (1.2%) and disc herniation (1.1%) with a significant
difference (P < 0.001). The revision rate was significantly
higher in patients underwent posterior lumbar interbody
fusion (PLIF) than those received transforaminal lumbar inter-
body fusion (TLIF) (p ¼ 0.007).

Conclusions: Unplanned reoperation rate of lumbar
spinal surgery was 2.08% and the most common reasons for it
werewound infection and screwmisplacement. Patients with
a diagnosis of lumbar spinal spondylolisthesis or who
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underwent PLIF were more likely to required unplanned
reoperation during the primary admission.

Keywords: reoperation, lumbar spine, risk factor,
complications

GP074. Clinico-Radiological Evaluation of Unilateral Single
Cage filled with Local Morselized Bone Graft in Posterior
Lumbar Interbody Fusion (PLIF) for Degenerative Lumbar
Disc- Retrospective Study Suresh Kumar B.C, Navaladi
Shankar, Rampathy Reddy
Suresh Kumar1
1Department of Orthopaedics, Apollo Hospital, Chennai, India

Introduction: Retrospective clinico-radiological evalu-
ation of 200 patients who underwent posterior lumbar inter-
body fusion(PLIF) using unilateral single cage filled with local
morselized Bone graft for degenerative lumbar disc.

Material and Methods: 200 patients who underwent
PLIF with a unilateral single cage filled with local morselized
bone graft of which 182 patients were single level and 18
patients two levels, during the year, january 2010 to january
2015 were enrolled in this study. The average follow-up
duration was 2years. The clinical outcomes were evaluated
with, using the visual analogue scale (VAS) and Oswestry
Disability Index at the pre-operative period, and Oswestry
Disability Index at 1month, 3 months, 6 months, 12months
and 24 months year post-operative period. The radiological
outcomes were evaluated according to bone fusion and bony
bridging, the radiolucency, the instablity and the disc height.

Results: Clinical outcome for pain was evaluated using
the visual analogue scale (VAS) and Oswestry Disability Index
along with functional evaluation showed excellent results and
radiological outcomes were evaluated according to bone
fusion, disc height, instability and bony bridge, showing no
cage back out or implant loosening or screw back out or
implant breakage.

Conclusion: PLIF using a unilateral single cage filled
with a local morselized bone graft was found to be good and
has the advantages of a shorter operation time, less blood loss
and a shorter hospital stay, low cost, less complications like
dural tear, as comparedwith the PLIF using bilateral cages, for
treating degenerative lumbar spine disease. This technique
also provides excellent outcomes according to the clinical and
radiological evaluation.

GP075. Radiological Assessment of Bilateral Decompression
through Unilateral Approach for the Treatment of Lumbar
Spinal Canal Stenosis
Hideki Shigematsu1, Eichiro Iwata1, Akinori Okuda1, Yasuhito
Tanaka1, Munehisa Koizumi2
1Department of Orthopaedic Surgery, Nara Medical University, Nara,
Japan
2Spine Division, Nara Prefecture General Medical Center, Nara, Japan

Introduction: Various surgical techniques have been
introduced to establish less invasive procedure for the treat-
ment of lumbar spinal canal stenosis (LSCS). Bilateral decom-
pression through a unilateral approach (BDUA) is one of those
techniques. This retrospective study was designed to evaluate
radiological changes of lumbar spinal alignment after BDUA
and to compare with those of conventional fenestration.

Material and Methods: A consecutive 73 patients (53
males, 20 females; mean age, 71yrs.) underwent BDUA from
2004 to 2012 were included in this study and conventional
fenestration (CF) group consisted of 25 patients (12 males, 13
females; mean age, 72yrs.) treated from 2000 to 2012 at the
same hospital. Mean number of decompressed level were 2.5

in BDUA and 2.0 in CF. To investigate radiological change of
lumbar spine, following parameters were measured on X-rays
of pre-op, one year (1Y), and two year (2Y) after surgery: Disc
angle and ROM of L4–5, Lumbar lordosis (LL, sagittal angle of
L1–5), coronal alignment of L4–5, and L1–5. Clinical results
were assessed by Japananese Orthopaedic Association Scoring
System (JOAS).

Results: Preoperative Q3Q3
Q3 disc angle of L4–5 was 7.4 in

BDUA and 7.3 in CF and changed to 8.1 , 8.3 at 1Y, 7.6 , 8.8 at
2Y respectively. A comparison between two groups showedno
significant difference at each point. ROMof L4–5 in both group
also showed no significant difference at each point; pre-op:
7.3 , 6.9 , 1Y: 6.1 , 6.0 , 2Y: 7.0 , 5.7 . Preoperative LL was 18.7
in BDUAand21.8 in CFand changed to19.5 , 23.7 at 1Y, 19.5 ,
23.5 at 2Y respectively. There was no significant difference
between two groups at each point. In the coronal plane, L4–5
wedging angle varied from0 to 7 in BDUA and from0 to 4 in
CF preoperatively. The amount of L4–5wedging change in two
years was 1.4 in BDUA and 1.1 in CF, showing no significant
difference. There was no peculiar tendency in coronal change
of L4–5 or L1–5 lumbar alignment depending on approach
side. JOAS improved significantly after surgery in both group
(Recovery rate: 62.5% in BDUA, 56.5% in CF) and was well
maintained at 2Y. A comparison of JOAS revealed no signifi-
cant difference in two groups preoperatively and 2Y; pre-op:
12.7, 2Y: 23.7 in BDUA, pre-op:11.9, 2Y: 21.5 in CF.

Conclusions: Decompression through unilateral ap-
proach has been widely accepted for the treatment of LSCS.
This method spares dissection of paraspinal muscle of contra-
lateral side and has an advantage of preservation of contralat-
eral facet joints. On the other hand, especially in multiple
decompression, the influence to the muscle balance or to
alignment change remains concerns. Current study showed
favorable clinical results in both group. There was no particu-
lar tendency of alignment change in the coronal plane. These
changes seemed to be mainly based on the degeneration
process of lumbar spine.

GP076. Predicting Factors for Patient Reported Satisfaction
after Transforaminal Lumbar Interbody Fusion: A Two-Year
Follow-Up
Beng Teck Jason Lim1, Li Tat John Chen1
1Department of Orthopaedic Surgery, Singapore General Hospital,
Singapore

Introduction: Transforaminal lumbar interbody fusion
(TLIF) is an effective treatment of degenerative lumbar spine
conditions, to reduce pain and improve function. Understand-
ing predictors of post-operative patient satisfaction is impor-
tant for better management of patient groups at high risk of
dissatisfaction. This study aims to determine the pre-opera-
tive predictors of post-operative satisfaction in TLIF surgery.

Material and Methods: We retrospectively reviewed
prospectively collected data on patients who underwent open
TLIF for degenerative scoliosis, spondylolisthesis and spinal
stenosis from the database of a tertiary hospital between 2008
and 2012 with 2 years follow-up. Clinical outcome was
evaluated using Oswestry Disability Index (ODI), North Amer-
ican Spine Society (NASS) Neurogenic Symptom Score (NSS),
SF-36 (mean Physical and Mental Health scores), numerical
pain rating scale (NPRS) for back and leg pain and two
questions from NASS Questionnaire: ((1) Has the surgery
met the patient’s expectations? (2) How would the patient
rate the overall results of treatment?). Paired t-test was used
to compare the clinical scores pre-operation and post-opera-
tively at 6 months and 2 years. Univariate and multivariate
analyses were conducted to determine significant pre-opera-
tive predictors of patient satisfaction at 2 years.
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Results: 217 patients underwent TLIF by a single
surgeon during the 5-year period. Mean pre-operative age
was 61 and BMI was 25.9. 182 and 35 patients underwent
primary TLIF and revision TLIF respectively. 140, 68 and 9
patients underwent single-level, two-level and three-level
TLIF respectively. Significant improvement was seen in the
post-operative ODI (p < 0.001), NSS (p < 0.001), SF-36 (mean
physical score; p < 0.001 and mean mental health scores;
p < 0.001) and NPRS (back pain; p < 0.001 and leg pain;
p < 0.001) scores at 2 years follow-up. 86.8% of patients had
their expectations of surgery met and 94.7% of patients were
satisfied with the results of treatment at 2 years. Possible
indicators identified by univariate analysis for post-operative
patient satisfaction (p < 0.2) were pre-operative scores (NPRS
leg pain score, SF-36 Physical Function score, mean Physical
Health score and ODI). From multivariate regression model,
patients with higher pre-operative NPRS pain score (OR,
1.323; 95% CI, 1.071–1.633; p ¼ 0.009) was more likely to
be satisfied at 2 years.

Conclusion: TLIF surgery provided significant health-
related quality of life scores and symptoms improvement in
terms of SF-36, ODI, NSS and NPRS (both back pain and leg
pain). However, patient reported satisfaction ismulti-factorial
and their post-operative satisfaction may be largely influ-
enced by expectations of surgery beingmet and improvement
of pain. This highlights the importance of managing patients’
expectation pre-operatively as a means of improving post-
operative patient satisfaction.

GP077. Overpowering Posterior Instrumentation and Fusion
using a Modified Anterior Lumbar Interbody Fusion
Technique, An Experience of 11 Cases
Nathan Wigner1, Phillip Saville1, Abhijeet Kadam1, Harvey
Smith1, Vincent Arlet1
1Department of Orthopaedic Surgery, University of Pennsylvania,
Philadelphia, Pennsylvania, United States

Introduction: Restoration of sagittal balance is para-
mount in any type of spinal reconstructive surgery. Recent
work has demonstrated that the failure to maintain lumbar
lordosis following fusion not only accelerated adjacent degen-
eration (Umehara S. et al., Spine. 2000; Rothenfluh D.A. et al.,
Euro Spine. 2015), but also has a strong correlation to patient’s
clinical symptomatology, quality of life, and overall function
(Glassman S.D. et al., Spine 2005; Schwab F. et al., Spine. 2010).
As such, postoperative hypolordosis in the presence of poste-
rior instrumentation and fusion has become a growing prob-
lem and presents the operative surgeon with a difficult
challenge. In this study we describe our early clinical experi-
ence with using a modified anterior lumbar interbody fusion
(ALIF) technique for the purposes of increasing lumbar lordo-
sis and improving sagittal imbalance in revision adult spinal
deformity patients.

Material andMethods:Wepresent a retrospective case
series of 11 patients that developed pain and disability
following previous instrumented posterior lateral spinal fu-
sion. All patients were diagnosed with either a posterior
pseudoarthrosis and/or a lumbar segment fused with non-
anatomic segmental lordosis. All patients underwent ALIF
with either anterior wedge allograft or hyperlordotic cages
and posterior instrumentation and fusion. Distraction of the
disc space and obtainment of the desired lordosis was
achieved by using the jackknife capability of the OR table
(the patients lumbosacral junction was positioned at the level
of the hinge of the table and during the discectomy the table
was “jackknifed” into further lordosis). This provided a grad-
ual, and controlled generation of a more anatomic lordosis.
Digital standard upright lateral radiographs were used to

measure spinopelvic parameters on all patients both pre-,
and post-operatively. Two independent observers reviewed
each radiograph.

Results: From 2014 to 2015, 11 patients underwent
revision surgery utilizing this modified ALIF approach with
hyperlordotic graft insertion and revision posterior fusion for
the treatment of symptomatic sagittal imbalance. Mean pa-
tient age was 50.1 years (range 30 – 62). All patients had 30-
degree hyperlordotic cages placed while three had an addi-
tional standard 20-degree cage placed at an additional lumbar
level (average 1.3 per patient). Although preliminary, early
postoperative radiographic assessment has shown average
increase in L5/S1 segmental and global lumbar lordosis ex-
ceeding 20 and 7 degrees, respectively. Additionally, pelvic
incidence was found to be increase by an average of 5 degrees.

Conclusion: The ability to overpower the posterior
instrumentation and to generate added lordosis while fusing
the anterior spine is an appealing prospect. In our small series,
no loosening of the pedicle screws, or fracture of the pedicles/
posterior fusion was observed. We hypothesize that the
correction occurs due to flexibility of the titanium bars.
Although this is a small series and caution should be exercised
before widespread uptake, it does illustrate the potential use
of this technique to further address this challenging patient
population.

GP078. Annulo-Nucleoplasty using Disc-FX® in the
Management of Lumbar Disc Pathology: Early 2 Year Results
Naresh Kumar1
1Department of Orthopaedic Surgery, National University Health
System, Singapore, Singapore

Introduction: Back pain due to Lumbar Disc Disease is a
major clinical problem. The treatment options range from
physiotherapy to fusion surgery. Several minimally invasive
procedures have also been developed in the recent past for its
management. Disc-FX® is a newminimally invasive technique
that combines percutaneous discectomy, nuclear ablation and
annular modification.

Methods: We studied 22 consecutive patients who
underwent Disc-FX for lumbar disc pathology non-responsive
to non-operative treatment for at least 6 months. Based on
MRI, these patients fell into 2 groups – 11 with degenerative
disc disease (DDD) and 11 with a contained lumbar disc
herniation (CLDH). Theywere evaluated usingVisual analogue
scale (VAS), Oswestry Disability Index (ODI) and Short Form-
36 (SF-36) scores preand postoperatively.

Results: Overall rate of re-intervention for persistent
symptoms was 18.18% (4/22) - all in CLDH subgroup (4/11,
36.36%). At 6months,mean pre-op VAS improved from6.1 (2–
8) to 3.42 (0–7), ODI reduced to 28.21 (2–68.9) from 37.64 (2–
71.1) and SF-36 improved from 35.57 (24.1–56.8) pre-op to
40.463 (24.1–56.8). 9 (42.85%) patients (4 with CLDH, 4 with
DDD and 1 with both) said that they were not satisfied with
the treatment and would not recommend it. 8 (38.09%)
patients (5 with DDD, 2 with CLDH and 1 with both) who
had partial to complete pain relief were satisfied and would
recommend the procedure. 4 (19.04%) patients (1 with DDD
and 3 with both) were not sure. 3 were advised fusion or disc
replacement. The only complication of this procedure was
inability to access the L5-S1 disc space in 3 patients.

Conclusions: Our study suggests thatDisc-FX®is a rea-
sonable treatment option for patients with back pain due to
lumbar disc disease, especially with DDD who fail conserva-
tive treatment. It could be an alternative to procedures like
fusion or disc replacement. Longer term prospective studies
are needed to prove its role in treatment of patients with
CLDH.
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GP079. The Influence of the Fusion Degree of the Vertebrae
on the Process of Destabilization of the Pedicle Fixation
System after TLIF and PLIF
Igor Basankin1, Vladimir Porhanov1, Karapet Tahmazyan1,
Vladimir Shapovalov1, Sergei Malahov1, Alexey Volynsky1
1Research Institute Regional Hospital 1, Krasnodar, Russian Federation

Introduction: The stability of the PSF system in the
postoperative period of time is an important component of
well-being of the patients. In case of destabilization of PSF
systems revision surgery is often required and brings high
costs and has increased number of complications. The main
reasons for the destabilization of the rigid stabilization sys-
tems are: osteoporosis, non fusion, pseudarthrosis, a violation
of the prescribed protective regime

Material and Methods: 409 patients after decompres-
sive-stabilizing operations on the lumbar spine type TLIF or
PLIF. All patients were operated because of spinal stenosis in
the period since 25.12.2012 till12.27.2013 by five surgeons
working in the same department. There were 235 male
(57.5%) and 174 female (42.5%) aged 18–75 (50,3 � 1,2).
There were one-level process - 296 (72.4%), two-level process
- 98 (23.9%), a three-level process - 11 (2.6%), more than 3
levels - 4 (1.1%). Totaly 539 segments were operated. We used
following cages as interbody implants: Leopard – 65 (12%),
Concorde – 92 (17%), Capstone – 156 (29%), Surgical Titanium
Mesh – 226 (42%). Cages were filled with autologous bone
graft. Crushed bone stacked densely around the cage. After
installation cage we performed compression on the elements
of PSF system. Follow-up period was of 2 years. Formation of
the bone block was evaluated by Bridwell classification

Results: Complete regression of the initial neurological
symptoms as a result of the decompression achieved in 325
(79,5%) patients, partial – 58 (14%), no change – 20 (5%), the
deterioration – 6 (1.5%). Post-operative examination andX-ray
and CT control were delivered within 3–6-12 and 24 months.
335 (82%) patients were control examined after 1 year, 258
(63%) after 2 years. After 1 year the 1st Bridwell fusion grade
was marked at 325 (79.6%) patients, grade 2 – 60 (14.7%),
grade 3 – 13 (3.2%), grade 4 – 10 (2.5%). The material of the
implant had no effect on the fusion. Among patients (23
patients total) with 3 and 4 Bridwell grade of fusion we
used as interbody implant: Peek 7 (30,6%), Carbon 8 (34,7%),
Surgical titaniummesh 8 (34,7%). It is obvious that the reason
of non fusion is not the material of the implant, and other
factors (quality of treatment interbody gap, cage height and
the degree of contact with the endplate vertebral body,
especially vertebral vascularization, surgical technique, and
others). Instability and fractures of nodes of PSF system for
two years after surgerywere found in 13 (3,17%) patients. This
revealed that the destabilization or fracture structure were
determined just in cases of pseudarthrosis (3 and 4 Bridwell
grade)

Conclusion: The main goal of TLIF and PLIF is fusion in
operated segment. Non fusion with pseudarthrosis cause
instability and fracture of PSF in most cases. The interbody
implant material does not matter. Quality of treatment inter-
body gap and degree of contact with the vertebral endplates,
сage and bonegraft are most important.

GP080. Cost per Quality Adjusted Life Years Gained
Following Anterior Cervical Discectomy and Fusion in
Elective Degenerative Pathology in Obese and Non-Obese
Paients
Silky Chotai1, Scott Parker2, Matthew McGirt3, Joseph Cheng2,
Clinton Devin2
1Department of Orthopedics and Neurosurgery, Vanderbilt University,
Nashville, Tennessee, United States
2Department of Neurosurgery, Vanderbilt University, Nashville,
Tennessee, United States
3Departement of Neurosurgery, University of North Carolina,
Charlotte, North Carolina, United States

Introduction:Obese patients are at increased riskof co-
morbidities and complications after spine surgery, which
might result in increase cost and lower quality of life com-
pared with their non-obese counterparts. The aim of present
study was to determine the cost-utility following anterior
cervical discectomy and fusion (ACDF) in obese patients.

Methods: A total of 299 consecutive patients undergo-
ing elective ACDF for degenerative cervical pathology over a
period of four-years were included in the study. One and two-
year medical resource utilization, missed work, and health
state values (QALYs), calculated from the EQ-5D with US
valuation using timeweighted area under the curve approach)
were assessed. Two-year resource use was multiplied by unit
costs based onMedicare national allowable payment amounts
(direct cost). Patient and caregiver workday losses were
multiplied by the self-reported gross-of-tax wage rate (indi-
rect cost). Total cost (direct þ indirect) was used to compute
cost per QALY gained. Patients were defined as obese for body
mass index (BMI)�35 based on theWHO definition of class-II
obesity. A subgroup analysis was conducted inmorbidly obese
patients (BMI� 40).

Results: A significant improvement in pain (NP/AP),
disability (NDI) and quality of life (EQ-5D and SF-12) was
noted 2-year after surgery (p < 0.0001). Mean total 2-year
cost was $24524 for obese patients and $22492 for non-obese
patients (p ¼ 0.06). Obese patients had lower mean cumula-
tive 2-year gain in QALYs versus non-obese patients (0.39
versus 0.47 QALYs, p ¼ 0.19, Fig. 1). Two-year cost-utility in
patients obese versus non-obese patients was $65,805/QALY
versus $47,634/QALY.Morbidlyobese patients had significant-
ly lower (0.15) QALYs gained and significantly higher cost
$168,915/QALY gained at 2-years (p < 0.0001) (Table 1).

Conclusion:ACDF provided a significant gain in health-
state utility in obese patients, with a mean 2-year cost-utility
of $65,805/QALYgained, which can be considered moderately
cost-effective. Morbidly obese patients had lower cost-effec-
tiveness; however, surgery does provide a significant im-
provement in outcomes. Obesity needs to be taken into
consideration as physician and hospital reimbursements
move toward a bundled mode

GP081. Intraoperative Electrophysiological Monitoring
Navigation Results during Sagittal Anterior Reduction
Maneuver of High Grade Spondylolisthesis L5-S1 using an
ALIF Surgical Technique
Roberto Diaz1, Miguel Berbeo1, Aura Guarnizo2, Juan Sardi1
1Unidad de Neurocirugia, Hospital Universitario San Ignacio, Pontificia
Universidad Javeriana, Bogota, Colombia
2Medicina Fisica y Rehabilitacion, Instituto Roosevelt, Bogota,
Colombia

Introduction: Unstable isthmic spondylolisthesis is a
common disease. Treatment of high-grade dysplastic spondy-
lolisthesis remains challenging. According to the literature,
decompressive laminectomy and posterolateral screws fusion
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is preferred by most surgeons. Surgical treatment of spondy-
lolisthesis has been recommended in patients with pain
refractory to conservative treatment, slippage progression,
or severe slippage onpresentation. Controversyexists as to the
optimal surgical approach for high-grade spondylolisthesis.
Moreover, some authors reported the incidence of L5 root
palsy during the reduction procedure. We believe that satis-
factory nerve root decompression may be achieved by com-
plete anterior discectomy and restoration of disc height
(Indirect Decompression), followed byALIF graft and posterior
pedicle screws

Material and Methods: We performed a prospective
study of 23 cases of surgical treatment using intraoperative
electrophysiological monitoring for patients with high-grade
spondylolisthesis. Each patient received treatment consisting
of anterior retroperitoneal approach and indirect nerve de-
compression with anterior sagittal progressive realignment
maneuver, and circumferential fusion with ALIF cage and L5-
S1 minimally invasive pedicle fixation with intraoperative
neurological monitoring with transcranial electric motor
evoked potentials and continuous spontaneous electromyog-
raphy recording.

Results: Intraoperative monitoring did show different
transitory patterns with no any final abnormal changes. The
patients got well after surgery, and they showed no postoper-
ative sensory changes and motor paralysis of the extremities.
A postoperative X-rays films showed suitable reduction of the
slippage.

Conclusion: This report describes 23 cases of surgical
treatment using intraoperative electrophysiological monitor-
ing with transcranial electric motor evoked potentials and
continuous spontaneous electromyography for patients with
high-grade dysplastic spondylolisthesis. We successfully per-
form anterior sagittal reduction maneuvers without any
neurological deficit using intraoperative electrophysiological
monitoring.

GP082. Risk Factors for Adverse Events and Reintervention
after Surgery for Lumbar Spine Stenosis. A 10-Year
Experience of Clinical Practice in a Third Level Hospital from
Bogotá, Colombia
Fernando Alvarado1, Luis Carlos Morales Saenz1, Andres
Rodriguez Munera1, Miguel Andres Farfan1, Andres Felipe
Rodriguez Buitrago1, Daniela Tafur Victoria2, Luis Jesus Vásque
Viana2, Camilo Gutierrez Rodriguez2
1Department of Spine Surgery, Orthopedics and Traumatology,
Fundacion Santa Fe de Bogota, Bogota, Colombia
2Universidad de Los Andes, Bogota, Colombia

Introduction: Degenerative lumbar spinal stenosis is
present in patients around 50 to 60 years old. It is the most
common spinal surgical indication in patients over 65 years
old. The aim of this study was to determine the risk factors
associated with adverse events and reintervention after sur-
gery for degenerative lumbar spinal stenosis, based on a 10-
year retrospective analysis of clinical records in a third level
hospital in Bogotá, Colombia.

Material and Methods: An analytical prevalence study
was developed through 429 clinical records of patients who
underwent surgery for degenerative lumbar spinal stenosis.

Results: 429 clinical records were reviewed. 55% were
female; the mean age was 55 years þ/�16,5. The average
follow up was 33,8 months. Adverse events were present in
17,2% of patients. Dural lesion was the most frequent compli-
cation (9.8%). Multivariate analysis showed a relation between
complications and BMI (OR 1,8; p ¼ 0,029), duration of
symptoms (OR 1,08; p ¼ 0,047), length of stay (OR 1,67;
p ¼ 0,023) and multi level surgery (OR: 2.99; p ¼ 0,015).

4.7% of patients required early reintervention after surgery
and 16,1% required it during follow-up. Themost common late
reintervention cause was re-stenosis of the same segment
(7%). Adjacent segment diseasewaspresent in 6,1% of patients.

Conclusion: BMI, duration of symptoms, length of stay
and multi level surgery were identified as risk factors for
adverse events and reintervention after surgery for degener-
ative lumbar spinal stenosis. Mitigation of these risk factors
before surgery for degenerative lumbar spinal stenosis, may
decrease the proportion of complications and reinterventions
in our institutions.

GP083. Value of Combination of Two Minimal Invasive
Techniques in Elderly Patients withMultisegmental Lumbar
Canal Stenosis and Spondylosis. Midterm Results
Hamdan Abdelrahman1, Mohamed Alhashash2, Heinrich
Boehm2

1Assiut University Hospitals, Assiut, Egypt
2Zentralklinik, Bad Berka, Germany

Introduction: Lumbar canal stenosis (LCS) and spon-
dylosis are the major causes of morbidity among the elderly.
LCS remains themost common indication for spinal surgery in
elderly patients. These patients are complaining from neuro-
genic claudication as well as back complaint. LCS remains the
most common indication for spinal surgery in elderly patients.
These patients are complaining from neurogenic claudication
as well as back complaint. Although the decompression
Procedures improve the claudication, the back complaint
persist or even increase.We assess the efficacy of combination
of microscopic assisted percutaneous decompression (MAPD)
and percutaneous transpedicular screw fixation (TPSF) with
PEEK rod.

Material and Methods: Prospective study. Between
2009 and June 2012, 20 Patients with LCS and lumbar spon-
dylosis were included in this study. We reviewed demograph-
ic information, preoperative (preop.) and postoperative
(postop.) Visual Analog Scale (VAS) and Oswestry Disability
Index (ODI).

Results: 20 patients (14males and 6 females;mean age
69.2 years), mean follow-up 14.2 months, co-morbidities are
found in patients (cardiac 8, DM in 4, renal insufficiency in 4),
ASA Score (Class I in 8, III in 10, III in 2). BMI; normal weight
(7), overweight (6) and Obesity (7). Mean preop. VAS (back
and leg)was 5.5 and 5.6 respectively; ODIwas 57.2%, 3months
postop. VAS (2.65 and 1.3), ODI 26.4% and 18.2% at the last
follow-up. The operated levels were (one level in 2 patients,
two levels in 7, three levels in 7 and four levels in 4), eight
patients with degenerative scoliosis (more than 10°) with
mean cobb- angle of 15.4° preop. and postop. 5.75°. Mean
Lumbar lordosis was 35.6° preop. and 39.5° postop. Sacral
Slope was 27.8°preop. and postop. 30.3°. Mean operative time
was 196 minutes and blood loss was 233.5 ml. Intraop.
complications included 2 patients with dural injuries, no
wound healing, Follow-up complications included one case
with screw loosening.

Conclusion: Elderly patients are considered good can-
didates for lumbar surgical decompression using minimally
invasive techniques. MAPD is a minimally invasive treatment
option that affords a high level of safety, improved functions
and decreased pain score. The spinal stabilization using PEEK
rod possesses a good solution for spondyolotic back pain not
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Degenerative Lumbar

GP084. Use of a SublaminarDecompression as anAlternative
toTraditional Laminectomy inDegenerativeDisorders of the
Lumbar Spine
Kranti Peddada1, Benjamin Elder1, Wataru Ishida1, Sheng-Fu
Lo1, Christina Holmes1, C. Rory Goodwin1, Timothy Witham1

1Department of Neurosurgery, The Johns Hopkins University School of
Medicine, Baltimore, Maryland, United States

Introduction: The traditional treatment for lumbar
stenosis with instability is laminectomy and posterolateral
arthrodesis, � interbody fusion. However, laminectomies re-
move the posterior elements and decrease available surface
area for spinal fusion. A sublaminar decompression can
achieve adequate decompression while preserving bone sur-
face area to enhance spinal fusion.

Material and Methods: A retrospective review of 72
patients with degenerative pathology who underwent sub-
laminar decompression by a single surgeon at a single institu-
tion was performed. Data collected included baseline
demographics, preoperative symptoms, operative data, symp-
toms at last follow-up (LFU), time to fusion, fusion rate, and
radiographical measurements, consisting of thecal sac cross-
sectional area, bilateral lateral recess height, and bilateral
foraminal diameter on preoperative and postoperative scans.
Paired t-tests were used to test significance of these changes.

Results: 31 males and 41 females with median age 60
(range: 19-78) years underwent sublaminar decompression
with fusion. A mean of 1.9 levels were fused. The mean VAS
pain score improved from 6.8 preoperatively to 3.0 at last
follow-up. Fusion imaging was available for 44 patients, with a
fusion rate of 91%, and median time to fusion of 10.7 (range:
3.2-17.4) months. Preoperative and postoperative mean the-
cal sac cross-sectional area, right lateral recess height, left
lateral recess height, right foraminal diameter, and left fo-
raminal diameter were 153 and 209 mm2 (p ¼ 0.000012), 5.9
and 5.9mm (p ¼ 0.5), 5.7 and 6.3mm (p ¼ 0.014), 4.6 and 5.2
mm (p ¼ 0.0084), and 4.2 and 5.2 mm (p ¼ 0.00012),
respectively.

Conclusion: This study demonstrates that patients had
sufficient decompression, as evidenced by improvement in
clinical symptoms and statistically significant increases in
thecal sac cross-sectional area and bilateral foraminal diame-
ter. Therefore, sublaminar decompression may be an effective
alternative to laminectomy in treating central and foraminal
stenosis. Fusion rates in this study also compare favorably to
traditional posterolateral technique with radiographic pseu-
doarthrosis occurring in only four patients.

Diagnostics: Clinical

GP085. The SpineCor Brace in 2015: A Form of Chiropractic
Child Abuse? A Report of Three Cases
John Smith1, John Heflin1
1Department of Orthopaedics, University of Utah, Salt Lake City, Utah,
United States

Background:When the SpineCor bracewas introduced
~15 years ago, it touted promise that aflexible, patient friendly
brace could arrest curve progression during growth similar to
that documented for a rigid Boston-type brace. Subsequent
experience with this brace demonstrated that failure rates
were similar to the group randomized to no brace in the study
byWeinstein et al. Most orthopedic surgeons have abandoned
its use. However, Chiropractors have recently advocated that
this “new and amazing flexible” brace cannot only control
scoliosis but with spinal manipulation, but also correct the

curve. This is a report of three cases treatedwith the SpineCor
brace.

Case Studies: Patient one is a 15 years/o pre-menarche
femalewho presentswith a right thoracic curve of 56 degrees.
Surgery was recommended. The family chose to use the
SpineCor brace and multiple chiropractic manipulations
with a guarantee that surgery could be avoided. Two years
later, the family returns to clinic with a curve measuring 110
degrees. Patient two is a 12 years/o female who presents with
AIS measuring 54 degrees. Surgery is recommended. The
father chose to go with a SpineCor brace, traction Table 4X
per week, muscle therapy, a vibration bed, and nuchal therapy
for four years. After “tens of thousands of dollars,” the child
returns at age 16with a thoracic curvemeasuring 115degrees.
Patient three is a 10-year-old femalewho presentswith an AIS
curve measuring 32 degrees. Rigid bracing is recommended
but the family chose Chiropractic and a SpineCor brace and a
promise that the curve could be corrected. She returns at age
13 years with a curve of 75 degrees and surgery is
recommended.

Conclusion: There is no credible data that would
support the use of a SpineCor brace as an effective alternative
to rigid bracing, or that this brace can actually correct a curve.
In addition, there seems to be no consequences or account-
ability for prescribing chiropractors when the brace fails,
leaving children with severe, high-risk curves. As Orthopedic
surgeons, we have a responsibility to educate the public and
no longer ignore the misleading information that our patients
are receiving about “complimentary” therapies.This is a small
series of cases and probably missed all of the successes of the
SpineCor brace.

GP086. A CT-Based Analysis of Implant Position of Sacroiliac
Joint Fusion: Is There a Learning Curve for Safe Placement?
Jonathan Herseth1, Charles Ledonio1, David W. Polly1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States

Introduction:Diagnosis of degenerative sacroiliitis and
surgical interventions are increasing. Open and minimally
invasive sacroiliac joint (MIS SIJ) techniques exist. Optimal rod
placement requires adequate training to minimize risk of
breaching vital structures such as sacral anterior cortex (AC)
and neural foramina (NF). CTbased image guidance navigation
increases accuracy of rod placement. This study describes a
retrospective singlesurgeon postoperative assessment of im-
plant position in navigatedMIS SIJ fusion procedures over a 5-
year period.

Materials and Methods: Early (1st 3 years) versus late
(past 2 years) cases were evaluated to assess learning curve of
implant placement accuracy. Grading scheme was created to
assess SIJ fusion rod placement and potential risk of guide pin
breaching either AC and/or NF. Grade 1 denotes least risk of
breach; Grade 2 denotes partial risk of breech by the implant
but not the guide pin; Grade 3 denotes risk of breach of both
pin and implant; Grade 4 denotes actual breach. Rod fixation
grading was based on bony purchase ratio between iliac and
sacral side of the joint where: Grade 1: > 50% of rod occupies
sacral side; Grade 2: 50% of rod is fixed on sacral side; Grade
3: < 50% of rod is fixed on sacral side and Grade 4: rod does
not cross SIJ.

Results: From 2010 to 2014, 110 implants in 39 SI joint
fusions in 33 patientswere assessed. Of these 55%were placed
atS1 level, 40% were S2 and 5% were in S3. Majority of rods
were placed in optimal position (Grade 1 40%68%).The posi-
tion of 48 rods in 1st 3 years were compared 62 rods in past 2
years. Greater percentage of rods were classified as Grade 1 in
the last two years (68%, 65%) compared with the first 3 years
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(56%, 33%, 25%) indicating a learning curve and improved
safety profile of rod placement over time.

Conclusions: This study demonstrates that a learning
curve exists with the use of 3D CT guidance for SI joint implant
placements. This proposed grading system can be used to aid
in optimal placement of SI joint implants.

GP087. Sacral Bone Mineral Density Using Opportunistic CT
Scans: A Retrospective Cross sectional Analysis
Ryan Hoel1, Charles Ledonio1, David W. Polly1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States

Introduction: Sacral bone mineral density may play a
role in the rate successful sacroiliac and lumbosacral fusions.
There are currently no easy methods for evaluation of sacral
bone mineral density. Lumbar CTattenuation has previously
been shown to relate to bone mineral density as assessed by
DXA. This study aims to establish an accessible method for
sacral bone mineral density analysis.

Study Design/Setting: A retrospective review of renal-
protocol CT scans performed for any indication over a three-
month period in 2014. CTattenuation was analyzed at several
regions of interest within each scan.

Materials and Methods: A retrospective review of
renalprotocol CT scans performed for any indication over a
three-month period in 2014. A series of 223 consecutive
renalprotocol CT scans were analyzed using basic image
viewing software. Sacral CTattenuation at multiple regions
of interest (ROI) were compared with the L1 attenuation to
determine if a correlation existed. The sacral ROI were ana-
lyzed to determine regions of higher and lower attenuation.
Sacral attenuation was also analyzed by age and sex.

Results: All sacral ROI had strong correlations with
lumbar spine attenuation values, and these values became
even stronger when transitional vertebrae were excluded.
Sacral attenuationvalues varied predictably by location. Sacral
attenuation was inversely related to age. No difference was
found in sacral attenuation by sex.

Conclusions: Sacral CTattenuation can be used in op-
portunistic CTscans to determine sacral bonemineral density.
Thismethod can be used in the future to evaluate the impact of
sacral bone mineral density on successful sacroiliac and
lumbosacral fusions.

GP088. The Validity of Rasterstereography: A Systematic
Review
Adrian Skwara1, Melvin Mohokum2, Samuel Schülein3
1Orthopädische Gemeinschaftspraxis Borken, Borken, Germany
2SRH Fachhochschule für Gesundheit Gera, Gera, Germany
3Geriatrics Center Erlangen, Waldkrankenhaus St. Marien, Germany

Introduction: To investigate and monitor the progres-
sion of scoliosis and other spinal deformities in patients
following idiopathic scoliosis (IS), non-invasive and radia-
tion-free techniques are recommended because of the need
for repeated radiographs. In a clinical setting, spine param-
eters can be quickly, cheaply and easily assessed using raster-
stereography (RS). The objective of this paperwas to assess the
validity of the radiation-free technique RS based on surface
topography compared with radiographs.

Material andMethods:MEDLINE, the Cochrane Library
and EMBASE were systematically searched for studies which
investigate the validity of rasterstereography compared with
X-ray measurements. Studies published between January 1,
1990 and July 31, 2013 in English, German and French were

included. Studies dealing with magnetic resonance imaging
were excluded.

Results: Twelve studies with 570 patients were includ-
ed; these articleswere published between 1990 and 2013. The
majority of studies investigated patients with IS, but other
spinal pathologies included were thoracic hyperkyphosis and
Scheuermann’s disease.With regard to the quality assessment
criteria for the included studies, three out of twelve studies
were evaluated using a twelve point scale and two used a scale
with eleven points.

Conclusions:RS facilitates clinical practicebyanalyzing
the spinal column. It is completely radiation-free and could
help to monitor scoliosis progression.

GP089. Reconsideration of the Definition of Chiari
Malformation Type 1 Radiologically and Clinically
Tomohiro Murakami1
1Department of Neurosurgery, Medical Corporation Asuka Sapporo
Miyanosawa Neurosurgical Hospital, Sapporo, Japan

Introduction: Chiari malformation type 1 (CM-1) is
diagnosed bymore than 3 or 5mm caudal displacement of the
cerebellar tonsils through the foramen magnum. This defini-
tion is a simple and easy method neuroradiologically, but it is
obscure which is 3 or 5 mm. The purpose of this study is to
analyze their clinical symptoms and radiological features.

Materials and Methods:We had 7788 new outpatients
in our neurosurgical hospital in 2013 and 2014. In whom,
patients undergone head CTorMRI were examined retrospec-
tively. We diagnosed chiari marformation type 1 using more
than 3 mm tonsillar herniation. Their clinical symptoms and
the following measurements were analyzed: the distances
from the pontomedullary junction (PMJ) to the basion (PMJ-
Ba), PMJ to the basion-opisthion (PMJ-BO), the distances from
the basion-opisthion to tip of the cerebellar tonsil, from BO to
the obex (BO-obex), and from basion to opisthion, the clivo-
axial angle, and the length of the clivus using T1-weighted
sagittal images.

Results: There were 32 patients with CM-1 aged from
10 to 78 years (mean: 37.6 years) consisted of 8 men and 24
women. In whom 20 patients with tonsillar herniation of less
than 5mmwere determined as T-3 group (T-3) and remained
12 patients as T-5 group (T-5). No patients had syringomyelia.
Headachewas themost common symptom. Four patients inT-
3 groupwere diagnosed incidentally, 3 in head injury and one
inmemory disturbance. The distances of PMJ-Ba, PMJ-BO, BO-
obex, BO, the clivo-axial angle, and the length of the clivus
were similar between both groups.

Conclusions: The patients in both groups had similar
sympotms and posterior cranial fossa structures, however,
patients in T-3 group without symptoms associated with CM-
1 were diagnosed incidentally. Chiari malformation type 1
should be diagnosed based onnot only tonsillar herniation but
also clinical symptoms and other MRI findings such as brain-
stem ptosis.

Keywords: Chiari malformation type 1, tonsillar herni-
ation, pontomedullary junction
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GP090. Evaluating Sagittal Balance with Lumbopelvic
Parameters: A Single-Center Performance Improvement
Project
Alessio Chiappini1, Michael Cunningham2, Luigi Mariani3,
Gregory Jost1
1Spine Surgery, University Hospital Basel, Basel, Switzerland
2AO Foundation Office Dübendorf, Dübendorf, Switzerland
3Department of Neurosurgery, University Hospital Basel, Basel,
Switzerland

Introduction: Neutral sagittal balance is key for pain-
less upright posture and a large offset of sagittal balance may
cause low back pain and correlates with impaired quality of
life. Lumbar sagittal balance can easily be assessed on a
standing X-ray, however, it is still a new concept to many
spine specialists and radiologists.

Materials and Methods: A performance improvement
program was developed to enable radiologists and neuro-
surgeons to quickly assess lumbar sagittal balance. Baseline
knowledge and reporting were analyzed. Clinical tools to
measure lumbar sagittal balance were taught with a 30-
minute presentation. Following this, a spine surgeon helped
colleagues measure their first patients.

Results: At baseline, 42% of 75 patients showed prob-
lems with lumbar sagittal balance but basic knowledge of
sagittal balance was low: only 10% of pre- and post-treatment
X-ray reports and only 1% of neurosurgical reports included
information on sagittal balance. The 30-minute presentation
empowered the target audience with the clinical skills to
measure, interpret, and report lumbar sagittal balance on a
standing X-ray. Intermittent encouragement and support
from a spine surgeon helped colleagues to evaluate lumbar
sagittal balance in their patients. In the first three months
following the presentation, the neurosurgeons documented
pelvic parameters in 48% of patients (14 of 29) and the
radiologists reported the pelvic parameters on all new lumbar
X-rays. Assessing and reporting sagittal balance has become a
routine procedure beyond the study period and has led to
more profound understanding of deformity induced pain and
disability, not only by doctors, but also by patients to whom
the origin of their back pain can be explained.

Conclusions: A short teaching presentation on a poorly
knownyet important clinical concept enables radiologists and
spine specialists to easily measure and interpret heretofore
underused information from the standing lumbar X-ray.
Performance improvement programs are a valuable educa-
tional intervention for surgeons and to engage teams in
interdisciplinary learning.

Epidemiology

GP091. Contribution of Arab Researchers to the Spine
Literature over the last 20 years
Ahmed Ezzat Siam1, Gouda-Mohamed Gouda-Mohamed2,
Ahmed Shawky3
1Schön Klinik Vogtareuth, Vogtareuth, Germany
2Department of Orthopaedics and Traumatology, Benha University,
Benha, Egypt
3Helios Hospitals, Erfurt, Germany

Introduction: Although the ancient Egyptian Imhotep
was the first to report a document on spinal injuries, the
Edwin Smith Papyrus dating 3000–2500 BC, actual contribu-
tion of Arab spinal surgeons to spine research is limited. The
aim of this study was to assess the contribution of Arab spine
surgeons to spine research in the last two decades.

Methods: A systemic review of PubMed/Medline in-
cluding spine-related articles published in journals special-

ized for spine, orthopaedics and traumatology or
neurosurgery, since 1985. Journals focusing mainly on radiol-
ogy, physical medicine, general medicine, general surgery and
others have been excluded. Articles published before the end
of July 2015 have been included. At least one affiliation or one
author must be based in one of the 22 Arab countries.
Bibliometric analysis of the number of articles published
from each country, type of study, institution, impact factor
(JCR 2014) and trend of publications frequency over 20 years.
Quality of publications was assessed by number of citations
and level of evidence of clinical studies (LOE).

Results: The review revealed 445 articles; 66 of them
have been excluded being published in non spine-related
journals, as well as 10 letters to the editors. Of 369 remaining
publications, 115 were case reports with a mean of 1.32
citations/case report, mostly originated from Morocco (38),
Lebanon (24), Saudi Arabia and Tunisia (14). The remaining
254 original articles have been analyzed; most frequently
clinical studies (228 articles). Of these, 8 articles have been
published in German and 5 in French. Spine was the favorite
journal of Arab scientists with 47 publications, followed by ESJ
with 32, ASJ, International Orthopaedics and Bone Joint Spine
with 14 articles each. Articles published in Spine were also
most frequently cited, 4.89 times on average, Bone Joint Spine
3.43 and ESJ 3.41 citations/article. Most of publications origi-
nated from the university: 192 articles, followed by public
hospitals with 36 articles, military hospitals 13 and private
sector with 13 articles. Egyptian authors published 120,
Saudis 35 and Lebanese 32 articles. Institutionally, University
of Alexandria published highest number of spine-related
articles; 40, followed by Cairo University with 38, the Ameri-
can University in Beirut 16 and Assiut University 14 Articles.
Of original articles, a mean of 2.47 citations/article has been
calculated. Studies with LOE I had a mean of 5.25 citations/
article. Publications from non-surgical departments had a
higher citation rate than surgical departments. Tunisian pub-
lications have highest rate of citations/article: 4, followed by
Kuwait 3,75 and Saudi Arabia 3.71. Riyadh-based publications
have been cited 4.94 times in average, followed by those from
Kuwait City 3.75 and Jeddah 3.6 citations/article.

Conclusion: The Trend is a progressively increasing
contribution of Arab spinal researchers to the global spine
research over the last two decades. It is not only the absolute
number of published articles but also the percentage related to
the global research is increasing. Institutions should empha-
size the importance and increase awareness of researches
about the value of peer-reviewed publications.

GP092. Oswestry Disability Index: Is Telephonic
Administration Valid?
Alexandra Yaszemski1, Charles Ledonio1, Tara Garber1, DavidW.
Polly1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States

Introduction: The Oswestry Disability Index (ODI) is a
patient reported outcome questionnaire that assesses the
functional status of a patient with back pain. It is widely
used to assess the effectiveness of interventions for low back
pain. The ODI is currently administered in outpatient clinics
on a face-to-face basis, which can be expensive and time
consuming. Telephonic administration of ODI, if valid, can be
more convenient, may improve follow-up rates, and reduce
costs. The objective of this study is to validate telephonic
administration of ODI compared with face-to-face adminis-
tration. Study

Methods: A convenience sample of employees and
patients in an academic medical building were recruited.
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Face-to-face administration of ODI was done then retested 24
hours later over the phone. Reliability of each response from
each section and overall scores were compared with deter-
mine test retest reliability by calculating the intraclass corre-
lation coefficient.

Results: 22 individuals completed the ODI question-
naire face to face, then via telephone 24 hours later. There was
a mean 2%(�3) intrarater ODI score difference, range 0% to
12%. The Intraclass correlation coefficient overall was 0.98
(95%CI: 0.96, 0.99, p < 0.001) with a range of 0.95 to 1.0
revealing near perfect testretest reliability.

Conclusions: Administration of ODI questionnaire over
the phone has excellent testretest reliability compared with
face-to-face administration.

GP093. Growing Trend of the Arab Surgeons’ Contribution in
Spine Surgery: A Systemic Review of the Top-Ranked Spine
Journals
Ahmed Ezzat Siam1, Gouda-Mohamed Gouda-Mohamed2,
Ahmed Shawky3
1Schön Klinik Vogtareuth, Vogtareuth, Germany
2Department of Orthopaedics and Traumatology, Benha University,
Benha, Egypt
3Helios Hospitals, Erfurt, Germany

Introduction: Spine surgery is a very rapidly develop-
ing subspecialty worldwide. Although through history, Arab
surgeons have made valuable contributions to medicine and
surgery, the quantity and quality of modern research produc-
tion of the Arab spine surgeons is unclear. This study aimed to
investigate the contribution of the Arab surgeons to this field.

Methods: A systemic review of the PubMed/Medline
including the top 5 spine journals: Spine, The Spine Journal
(TSJ), European Spine Journal (ESJ), Journal of Neurosurgery;
Spine (JNS) and Journal of Spinal Disorders and Techniques (its
older version Journal of Spinal Disorders, as well) (JSD).
Articles published before the end of July 2015 have been
included. At least one affiliation or one author must be based
in one of the 22 Arab countries. Analysis of the number of
articles published from each country, type of study, institu-
tion, impact factor (JCR 2014) and trend of publications
frequency over years. The quality of research publications
was assessed by number of citations and level of evidence (of
clinical studies). Number of publications of the Arab World
will be compared with those of other top countries, who
contributed to these 5 journals over time, as well as rate of
publication in relation to every one million inhabitants.

Results: The review revealed 175 articles; Spine 81, TSJ
24, ESJ 49, JNS 9 and JSD 12 articles. Most frequently clinical
studies (90 articles, 51%). Most publications originated from
the university: 199 articles (68%). Egyptian authors published
58, Lebanese 36, Saudis 27 articles. Egyptian authors mainly
published retrospective studies (26, 45%) and prospective
uncontrolled studies (17, 29%). Those from Lebanon published
14 case reports (39%) and 13 retrospective studies (36%). Saudi
affiliations similarly published 8 case reports (30%) and 6
retrospective studies (22%). Moroccan and Tunisian publica-
tions were mainly case reports; 14 (78%) and 7 (54%), respec-
tively. Institutionally, Cairo University published the highest
number of articles; 24, followed by the American University in
Beirut 23 and University of Alexandria with 20 Articles. A
mean of 2.86 citations/article of all publications has been
calculated. Articles published in Spine had the highest citation
rate: 3.85, followed by those of ESJ: 2.71 citations/article.
According to study type, clinical studies were most frequently
citedwith ameanof 4.5 citations/article. Of these, studieswith
LOE I had a mean of 8.33 citations/article. Publications from
non-surgical departments had a higher citation rate than

surgical departments. Although Kuwait-based authors pub-
lished only 4 articles, they have the highest rate of citation per
article: 6, followed by Lebanon: 4.33, Saudi Arabia: 3.89 and
Egypt: 2.62. As well, Kuwait City and Jeddahwere the cities on
the top with a mean of 6 citations/article.

Conclusion: Over three decades, there has been a
continuous increase in frequency of publication. Despite this
increase, the relation of this contribution to the global contri-
bution to these 5 journals did not change since the first
publication in 1986. Systematic institutional and national
policies and measures should be taken to improve this
contribution.

GP094. Spinopelvic Parameters Evaluation in a Brazilian
Population Sample: A Systematic Review
Charbel Jacob Junior1, Thiago Cardoso Maia1, Macus Alexandre
Novo Brazolino1, Igor Machado Cardoso1, José Lucas Batista
Junior1
1Departamento de Ortopedia da Santa Casa de Vitória Hospital,
Vitória, Brazil

Introduction: The morphology of the spine is variable
within a population and itsmaintenance in appropriate values
implies a decrease in the energy expended. We need to know
their normal values in population. This study aims to carry out
a literature review and evaluate published papers on spino-
pelvic parameters in a Brazilian population sample.

Methods: 11 potentially eligible papers were initially
identified for inclusion in this review: 3 papers from Pubmed
and 8 from Medicine®. Out of these, only 5 papers contained
methodology and relevant significance level, and therefore
they were included in the final analytical run.

Results: According to a Brazilian study, Pratali men-
tions no significant difference in the average values of spino-
pelvic balance in the Brazilian population and those found in
the literature; there was also no significant difference com-
paring Brazilian and Korean population, however, was found
difference in comparisonwith European population regarding
PI parameters and SS, but the latter with higher values.
According to Kulcheski in 2013, the values of pelvic tilt in
the Brazilian population evaluated in his research were 19°
(10–35°) and the sacral inclinationwas 38° (30–55°), present-
ing similar values concerning the European population. In
another Brazilian paper, Oliveira reports that the researched
population had PI average of 45° (41.9 to 48.1°).

Conclusions: The values obtained are relatively minor
when compared with the European population. However, all
of these are within the normal margin considered in the
worldwide literature.

GP095. Comparative Analysis of Evaluation of Lumbar
Lordosis Measured in the Standing Positions Radiography
and Magnetic Resonance Imaging
Charbel Jacob Junior1, Igor Machado Cardoso1, José Lucas
Batista Junior1, Thiago Cardoso Maia1, Marcus Alexandre Novo
Brazolino1, Tadeu Gervazoni Debom1, Bruno Roncaglio1
1Departamento de Ortopedia da Santa Casa de Vitória Hospital,
Vitoria, Brazil

Introduction: Research of degenerative diseases of the
spine it is recommended performing radiographs and mag-
netic resonance imaging (MRI). Physiological curvature of the
lumbar spine varies from 35 to 50. Changes sagittal alignment
can lead to changes in the lumbar spine kinematics, having
influence on the support and load distribution on the spine,
causing low back pain.
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Methods: 100 patients with chronic low back pain (51
men and 49 women), being evaluated degree of lumbar
lordosis by three independent examiners by radiography in
the standing position and MRI in supine position with flexed
lower limbs. Measurement of lumbar lordosis by the Cobb
method (L1 to L5 levels) in lumbar radiographs in profile and
in the sagittal plane in lumbar MRI.

Results:Average of lumbar curvature onX-rays and the
MRI cushion was 42,2° and 31,5°, respectively (p value
< 0.001). Average angles of lumbar lordosis by MRI under-
estimates by 25% compared with lumbar radiographs.

Conclusion:MRI is insufficient for evaluation of lumbar
lordosis, it underestimates the true lumbar lordosis. Thus, the
lumbar radiological evaluation is essential in assessing the
true lumbar lordosis.

Imaging

GP096. Sacro-pelvic Tilt as a Predictor for Optimal Lumbar
Lordosis
khalid Mukhtar1, AbdulMoien Baco1, Nasser Khan1, Abdul
Jabbar AlHammoud2, Mahmoud Arbash3
1Department of Orthopedics, Hamad General Hospital, Doha, Qatar
2Department of Orthopedic Surgery, Hamad Medical Corporation,
Doha, Qatar
3Department of Orthopedics, Hamad Medical Corporation, Doha,
Qatar

Introduction: Spino-pelvic parameters are crucial to
address the spinal sagittal balance; such measurements re-
quire standardized lateral x-ray views that include the spine as
well as the hips, which are not always available upon referral
of cases, where instead, shorter films for the lumbo-sacral
spine are requested.We aimed todescribe a pelvic radiological
reference points that could provide comparatively sound
sagittal balance estimates, from conventional lumbo- sacral
lateral x-ray views. The iliopectineal line was addressed as a
radiological reference in the pelvis, that along with the
horizontal line, and the upper endplate of the first sacral
vertebra, provide two angles, the Iliopectineal inclination
(Doha angle; DA), and the Sacro-pelvic tilt (Baco angle; BA),
respectively.

Material and Method: Radiological images for 96 adult
subjects, aged between 20 – 80 years, with suspected or
established diagnosis for spine problem. Readings were taken
from the institute’s digital radiology library, blinded to per-
sonal and clinical data. Frequency tables, correlations and test
of differencewere tested, taking (p-value < 0.05) as cut-off for
significance. Correlation to the conventional Pelvic Incidence
(PI), Pelvic tilt (PT), and the Sacral slope (SS), measured for the
same patients, and from the same standardized standing
lateral views that include the femoral heads.

Results: Readings of the new angles were found to be
practically easy and reproducible. The iliopectineal inclination
(Doha angle) readings averaged 61 þ/- 9 degrees, indirectly
proportional to the pelvic tilt (r ¼ -0.46, P-value 0.000), along
with its averaged 7 degree difference from the mean Pelvic
incidence (54 +/- 8.9 degrees), DA (practically the sum of SS +
BA) corresponded to the described lumbar lordosis values in
the literature, as well as the estimated lumbar lordosis by
Schwab's formula for the study sample. On the other hand; the
Sacro-pelvic tilt (BA) had readings of 24 +/- 8 degrees, and a
highly significant, yet weak negative correlation with the
sacral slope (P-value ¼ 0.001, r ¼ - 0.266). Having the Sacral
slope as a common component for both DA and PI; those 7
degrees difference seem to reflect an actual upper sacrum
retroversion, relative to the pelvis, which had a significant
difference in age terms; those with sacral retroversion>7 and

<7, for average age of 31 yrs, 40 yrs, respectively (P-value
¼ 0.000) and seem to contribute to maintaining the spinal
sagittal balance, that becomesmore profound by the age of 50
years (averaged 2 degrees for over 50 years, in comparison to 8
degrees for youngers).

Conclusion: The iliopectineal lines provide reproduc-
ible readings, closer values to the lumbar lordosis, and ad-
dresses sacroiliac contribution to the sagittal balance, that
regresses by middle age.

Infections

GP097. Challenges in Spine: Management of Spinal
Infections. A Flow-Chart to Guide Decision Making
Alessandro Gasbarrini1, Riccardo Ghermandi1, Marco Girolami1,
Stefano Bandiera1, Giovanni Barbanti Brodano1, Silvia Terzi1,
Lisa Babbi1, Stefano Boriani1
1Department of Degenerative and Oncologic Spine Surgery, Istituto
Ortopedico Rizzoli, Bologna, Italy

Introduction: Spinal infections are rare diseases,
whose management highlights the importance of a multidis-
ciplinary approach. Although treatment is based on antibi-
otics, always selected on coltural and antibiogram tests,
surgery is required in case of development of spinal instability
or deformity, progressive neurological deficits, drainage of
abscesses, or failure of medical treatment. The first step of the
algorithm is diagnosis, which is established on MRI with
contrast, PET/CT scan, blood tests (CRP and ESR) and CT-
guided needle biopsy. Evaluation of response to the specific
antibiotic therapy is based on variations in Maximum Stan-
dardized Uptake Value (SUVmax) after 2 to 4 weeks of
treatment. In selected cases, early minimally invasive surgery
was proposed to provide immediate stability and avoid bed-
rest.

Material and Methods: From 1997 to 2014, 182 pa-
tients affected by spinal infections have been treated at the
same institution (Istituto Ortopedico Rizzoli – Bologna, Italy)
according to the proposed algorithm. Mean age was 56 years
(range 1 - 88). Male to female ratio was 1,46.

Results: Minimum follow-up was 1 year. Infections
were mostly located in the lumbar spine (57%) followed by
thoracic (37%) and cervical spine (6%). Conservative treatment
based on antibiotics needed surgery (open and/or percute-
neous minimally invasive) as an adjuvant in 83 patients out of
182 (46%).

Conclusion: Management of spinal infections still re-
mains a challenge in spinal surgery and multisciplinary
approach is mandatory. This algorithm represents the shared
decision making process from diagnosis to the most appro-
priate treatment, led to successful outcomes with a low-
complication rate.

GP098. Kyphotic Deformity Associated with Acute
Tubercular Spondylodiscitis Treated by Single Stage
Posterior only Surgery
S. Rajasekaran1, Ajoy Prasad Shetty1, Arief Dian2, Gurudip Das1,
Rishi Kanna1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India
2University of Airlangga, Surabaya, Indonesia

Introduction: Acute tuberculous spondylodiscitis with
thoracic kyphosis is conventionally treated by anterior or
combined reconstruction techniques. Posterior based sagittal
correction in active tubercular infection is an emerging alter-
native technique. Our aim was to evaluate posterior only
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deformity correction technique in acute tuberculosis kyphosis
for safety and outcomes.

Methods: Sixty-seven patients with acute thoracic
kyphosis due to tuberculosis were treated by all-posterior
deformity correction with or without an anterior cage. Peri-
operative complications, neurological improvement, pain
scores, kyphosis correction, final deformity at last follow up
and fusion were studied pre-operatively, immediately after
surgery and at last follow up.

Results: The mean age was 47.6 �12.2 years. Indica-
tions for surgery were persistent pain (n ¼ 12), neurological
deficit (n ¼ 27) and kyphosis (n ¼ 28). The mean follow-up
was 36.4 � 12.1 months. The mean VAS improved from 7.2
�1.2 to 1.6�0.9. Themean kyphotic angle improved from26.4
�4.6° to 12.4 �2.4°. There was loss of correction by 2.7° and
the final kyphosis was 15.2 � 1.8°. Neurology improved in all
patients by at least one ASIA grade. The mean vertebral body
losswas 0.8 � 0.4 (where 1=one vertebral body). Thirty seven
patients with vertebral loss > 0.5 or pre-operative kyphosis
> 30 degress had transpedicular/transformaninal reconstruc-
tion of anterior columnwith a cagewhile the remaining thirty
had posterior shortening only. Bony fusionwas obtained in all
patients. There were no implant failures. Post-operative com-
plications included dural tear (n ¼ 2), temporary neural defi-
cit (n ¼ 2), wound infection (n ¼ 4), girdle paresthesia
(n ¼ 3), lumbar hernia (n ¼ 2), disease recurrence (n ¼ 1).

Conclusion: All-posterior single stage kyphosis correc-
tion and global reconstruction in acute tuberculous kyphosis
is a safe technique with good functional and radiological
outcomes. The use of titanium cages and pedicle screws in
the infected vertebral body milieu was observed to be safe.

GP099. The Role of Vancomycin Powder to Prevent Wound
Infection in Spine Surgery: Protocol of Randomized Control
Trail
Abduljabbar Alhammoud1, AbdulMoieen Baco1, Marcus Head1,
Nasser Mehrab1, Mahmoud Arbash1
1Department of Orthopedics, Hamad Medical Corporation, Doha,
Qatar

Introuduction: Postoperative surgical site infection
(SSI) continues to be an important problem after orthopedic
procedures, especially spine surgery. Reported incidences of
surgical-site infection among patients who undergo spine
surgery range from 2% to 6% and > 10% after instrumented
fusions. Postoperative surgical-site infection is associated
with an important rate of complications and cost. One of
the methods to decrees the incidence of SSI is using intra-
wound local vancomycin. The current evidence supporting the
use of intra wound vancomycin powder in surgical wounds is
limited and controversial

Material and Methods: A prospective, single-center,
randomized, parallel group controlled trial will conduct in
orthopedic department, Hamad General Hospital. 198 pa-
tients, 18 years or older patients, will undergo to open spine
surgery with or without instrumentation, will be randomly
assigned to receive intrawound vancomycin as intervention
group or systemic antibiotic (stander of care) as control group.
Exclusion criteria include hypersensitivity to vancomycin,
Immune compromised status, Unable to continue in followup.

Result: Primary outcome is the incidence of wound
infection after open spine surgery for adult patients, and the
secondary outcomes are total infection-related medical cost
compared with the cost of vancomycin powder, Adverse
effects of local vancomycin, Length of hospitalization. Wound
infectionwill assess according to ASEPSIS score. Resultswill be
analyzed using SPSS software (SPSS), Differences between two

groups (control-intervention) will be tested using of t-test,
Fisher’s exact test.

Conclusion: The aim of this study is to detect the
effectiveness of local vancomycin (intra-wound) in decreasing
the post op surgical site infection in open spine surgery with
or without instrumentation, and possible implanted as stand-
er of care in Hamad General Hospital.

GP100. Long-Term Outcome following Surgical Treatment
for Spondylodiscitis in 211 Cases
Ehab Shiban1, Insa Janssen1, Bernhard Meyer1, Jessica Reiner1,
Florian Ringel1
1Department of Neurosurgery, Technical University of Munich,
Munich, Germany

Aim: To determine the safety and efficacy of surgical
debridement with instrumentation in treating pyogenic in-
fection of the spine.

Material/Methods: Between June 2006 and December
2013, 229 consecutive patients suffering from spondylodisci-
tis were admitted to our department. 211 (92%) underwent
surgical debridement and instrumentation while 18 were
treated conservatively. Surgically treated patients were ana-
lyzed. Clinical outcome was assessed with neurological and
laboratory examinations at 3months following surgery. Long-
term clinical outcome was assessed at a minimum of 12
months following surgery with a telephone interview.

Results: The mean age at presentation was 67 years,
139 patients were male (66%). Distribution of the inflamma-
tionwas lumbar in 134 (63%), thoracic in 37 (18%) and cervical
in 30 (14%) cases. Ten patients (5%) had two concomitant non-
contiguous spondylodiscitis in different segments of the spine.
Epidural abscess was found in 74 patients (35%). 191 patients
(90%) had pain. Neurological deficit was found in 96 patients
(45%). In the thoracic and lumbar cases, dorsal instrumenta-
tion alone was considered sufficient in 34 cases, additional
interbody fusion from dorsal was performed in 86 cases. 360-
degree instrumentation was performed in 53 cases. In the
cervical cases, ventral spondylodesis was performed in 13
cases and ventral plating, dorsal instrumentation alone in 8
cases and 360-degree instrumentation 13 cases. Postoperative
intravenous antibiotics were administered for 13,6 � 8,2 days
followed by 3.0 � 0.9 months of oral antibiotics. Complete
healing of the inflammation was achieved in 204 (97%) of
cases. Only 4 patients had a relapse of the inflammation, in 3
cases following dorsal instrumentation alone and in one case
after additional interbody fusionwith a PEEK cage from dorsal
in the lumbar spine. This was followed by debridement and
anterior interbody fusion upon relapse. Five patients died due
to septic shock (two because of fulminant endocarditis and
threebymultiple organdysfunction syndrome). 1 patient died
postoperatively due to pulmonary embolism. From the 96
patients with neurological deficit, 44 (46%) had full recovery
and 33 (34%) had improved incompletely after surgery.

Conclusion: Surgical debridement and instrumenta-
tion is relatively safe and very effective approach to achieve
complete healing of spinal inflammation. Thereby, a short
period of intravenous antibiotics of 1–2weeks is followed by 3
months of oral antibiotics is appropriate in most cases.

GP101. Bacterial Contamination in Osteosynthesis Material
Removed after 6/8 Months Postoperative
Carlos Mariano Nirino1, Carlos Eduardo Nemirovsky1
1Department of Traumatology, Buenos Aires, Argentina

Introduction: The aim of this paper is to describe the
results obtained in 26 patients, which their osteosynthesis
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material was removed after 6–8 months of their first surgery
following the surgery standards of temporary fixation of our
service. Theywere operated betweenNovember 2014 and July
2015 in our department of Orthopedics and Traumatology in
Corporación Medica of General San Martin in Buenos Aires,
Argentina. All the patients were operated by the same sur-
geon, the same assistants and the same surgical scrub nurse. In
all cases we used the same technique, which consists in a
lozenge on the previous surgical wound and the removal of
the polyaxial pedicle screws and the corresponding bars. After
the removal of thematerialwe proceeded to send one screwof
each patient for cultivation and subsequent antibiogram. The
results were surprising because in three cases our bacteriolo-
gy service found a germ growth. None of the 26 patients
studied presented during the 6–8 months that the osteosyn-
thesis material was placed any signs or symptoms of infection.

Material and Methods: 26 patients, 18 men and 8
women were evaluated in which the osteosynthesis material
was removed according to the established protocols. All
patients were studied by MRI and Rx and treated by the
same surgeon, assistants and scrub nurse. In all cases the
cultivation and antibiogram was performed by the same
laboratory and the preliminary results were always between
72–96 hour. Surgical technique: Posterior approach, lozenge
on the previous surgical wound and the subsequent removal
of the polyaxial pedicle screws and the corresponding bars.

Results: In 3 of the 26 cases sent for cultivation and
antibiogram we found positive samples. In one case the
cultivation was for Pseudomonas aeruginosa and the remain-
ing two cases were positive for Staphylococcus aureus. The
rest of the samples sent were negative. None of the patients
had postoperative complications. The entire surgical wounds
healed normally, without any secretions or phlogosis. No
patients required antibiotic therapy in the immediate post-
operative nor in the following months. The following of them
was held up to 6 months post surgery.

Conclusion: After an exhaustive study of each of our
patientswe conclude that inmost caseswhere a postoperative
infection occurs it is more due to patient factors such as
nutritional status thereof; which keeps a close relationship
with the immunological response of the patient; malnutrition
or immunosuppression due to diabetes mellitus, alcoholism,
chemotherapy agents or tumors than to factors which depend
directly to the surgeon like the skin preparation or the
operating room environment factors. Due to the type of
sample sent; even though we took the necessary precautions;
we cannot dismiss skin contamination.

GP102. Are ESR and CRPAcceptable Predictors for Early Post
Spinal Surgery Infectious Complication?
Saeid Safaei1
1Milad Hospital, Tehran, Islamic Republic of Iran

Introduction: ESR and CRP are nonspecific markers of
inflammation, used to evaluate post operative infection. CRP is
a predictable consisting of a post operative rise and a peak
followed by a decrease toward the normal value. Deviation
from normal kinematics may be an indication of infection

Material and Methods: ESR and CRP collected before
surgery – 1 – 3 – 7 – 14 – 30 – 45 days post operative in
consecutive patients. All infection and abnormal elevation
recorded. 60 patients collectedwith below criteria’s (age – sex
– etiology – blood loss –Hb – operation time – ESR & CRP
before and after operation- temperature – levels of operation -
anatomic area and operation approach).

Results: CRP increased post operative and then de-
creased slowly during 30 days post operatively, second rise or
failure to decrease was not specific in our study. More than

80% of our patients had CRP & ESR elevatedmore than 30 days
without symptoms and signs of infection. We had one super-
ficial. CRP++ or+++ can be for 30 days and ESR more than 20
mm Hg can be 40 days without early post operative infection
in spinal surgery. There were correlation between soft tissue
damage (long op time – number of levels – combined ASF &
PSF) and increased CRP and ESR. ASF alone had no high rise in
CRP. In Lumbar PSF operation CRP riser was more than
thoracic – cervical or ASF alone.

Conclusion: ESR and CRP are not predictable factors for
early post spinal surgeries infection diagnosis, but specificity
and sensitivity of CRP is higher than ESR, when a second rise
will be happen.

GP103. Anterior versus Posterior Approach in Surgical
Treatment of Tuberculous Spondylodiscitis of Thoracic and
Lumbar Spine
Khaled Hassan1, Essam Elmorshidy1
1Department of Orthopedics, Assiut University, Assiut, Egypt

Introduction: The aim of this study is to compare the
clinical, radiological and functional outcome of anterior
versus posterior surgical debridement and fixation in patients
with thoracic and lumbar tuberculous spondylodiscitis.

Material and Methods: A total number of 42 patients
with tuberculous spondylodiscitis of the thoracic and lumbar
spine treated surgically were included in this study. Twenty
patients (group A) underwent anterior debridement, decom-
pression and instrumentation by anterior approach. Twenty
two patients (group B) were operated by posterolateral (ex-
tracavitary) decompression and posterior instrumentation.
Operative parameters, clinical, radiographic and functional
results for the two groups were analyzed and compared.

Results: The average follow up period was 15 months
(range, 12 to 24) in both groups .The average operative time,
blood loss and blood transfusion of anterior group were
significantly less than the posterior one. There was significant
better back pain relief, kyphotic angle correction and less
angle loss in the posterior group than anterior. There was no
significant difference between the 2 groups regarding neuro-
logical recovery, functional outcome and fusion rate.

Conclusions: Both anterolateral and posterolateral ap-
proaches are sufficient for achieving the goals of surgical
treatment of thoracic and lumbar pott's disease but postero-
lateral approach allows significant better kyphotic angle
correction, less angle loss, better improvement in back pain
but unfortunately more operative time and blood loss.

GP104. Debridement, Internal Fixation and Interbody Fusion
to Treat Single Level Thoracic Tuberculosis via Anterior
Approach Only
Hesham Refae1, Hesham Refae1
1Department of Orthopaedic and Traumatology, South Valley
Univerisity, Aswan, Egypt

Introduction: Tuberculosis of the dorsal spine is a very
serious situation which may cause paraplegia and disability
Purpose: We evaluated the clinical efficacy and feasibility of
one –stage anterior debridement, internal fixation and inter-
body thoracic fusion in the treatment of single level thoracic
tuberculosis.Materials andMethods: Forty three adult patients
(mean age: 49.5-years) fixed with Z-plate by anteriortrans-
thoracic-transpleural approach. Assessment was done using
Frankel classification, blood-loss, operative-time, Cobb-angle,
correction loss, union and Oswestry disability index (ODI).

Results: All cases were followed up for 48.5 weeks on
average. Average mean operative time was167min,evaluated
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blood loss during surgery 1015 ml, rate of kyphosis correc-
tion79.2%, loss of corrected angle 0.8 � 1.2° and Cobb-angle
improved from 36.6 � 8.4° to 7.5 � 2.3° . Postoperative Cobb-
angles were significantly better than preoperative ones. ODI
was 3.4 � 4.1. All patients achieved unionwith 100% cure rate.
All but one patient achieved full neurological recovery. No
severe complications or spinal cord injury occurred. Superfi-
cial infection. Occurred in one case. Lung parenchymal injury
in two case and DVT in one case.

Conclusions: This approach can directly and success-
fully remove the focus of tuberculosis and give very good
union and kyphosis correction rate that were maintained
overtime.

GP105. Simultaneous Anterior Debridement and Posterior
Instrumentation for Multiple Level Tuberculous
Spondylodiscitis
Wael Koptan1, Mohammad El-Sharkawi2, Yasser ElMiligui1
1Orthopaedic Department, Faculty of Medicine, Cairo University,
Egypt
2Orthopaedic Department, Faculty of Medicine, Assiut University,
Assiut, Egypt

Introduction: The incidence of tuberculosis has rapidly
increased in the last decade. The aimof thiswork is to compare
the results of iliac crest and rib grafts and to assess the role of
short segment posterior instrumentation in patients with
multiple level affections.

Materials and Methods: The results of 48 patients with
multiple level resistant tuberculous spondylodiscitis surgical-
ly treated were retrospectively reviewed. Patients were fol-
lowed-up for an average of 6.5y. The average age was 47y and
27 patients had an associated neurologic deficit. The disease
affected two levels (36 patients) and three levels (12 patients).
All had anterior debridement and bone grafting by iliac crest
autograft in 26 patients (Group 1) and rib autograft in 22
patients (Group 2); followed simultaneously by posterior
short segment instrumentation.

Results: Postoperatively, the kyphotic deformity was
corrected from an average of 41 degrees to an average of 5
degrees (Group 1) and from an average of 47 degrees to an
average of 6 degrees (Group 2). At the last follow up, both
groups had a similar fusion rate (95% and 96% respectively)
and loss of correction (averaged 2.4 degrees and 2.1 degrees
respectively). Group 1 patients had 7 donor site complications.
All patients except one had an improvement in their neuro-
logic status.

Conclusions: Radical anterior debridement of multiple
level spondylodiscitis eradicated the infection; short segment
posterior instrumentation applied immediate stability, al-
lowed adequate graft uptake and long term correction of
the kyphotic deformities.

GP106. Instrumented Circumferential Fusion for
Tuberculosis of theDorso-Lumbar Spine. A Single- orDouble-
Stage Procedure?
Omar Refai1, Moataz Elsabrout1, Mohamed Hasan1, Hassan Ali1,
Mohammad El-Sharkawi1, Galal Said1
1Department of Orthopaedic and Trauma Surgery, Assiut University,
Assiut, Egypt

Introduction: The purpose of this study was to present
our experience in treating dorso-lumbar tuberculosis by one-
stage posterior circumferential fusion and to compare this
groupwith a historical group treated by anterior debridement
followed by postero-lateral fusion and stabilization.

Material and Methods: Between 2003 and 2012, 43
patients with active spinal tuberculosis were treated by one-
stage posterior circumferential fusion and prospectively fol-
lowed for a minimum of two years. Pain severity was mea-
sured using Visual Analogue Scale (VAS). Neurological
assessment was done using the Frankel scale. The operative
data, clinical, radiological, and functional outcomes were also
compared with a similar group of 25 patients treated with
anterior debridement and fusion, followed 10–14 days later by
posterior stabilization and postero-lateral fusion.

Results: The mean operative time and duration of
hospital stay were significantly longer in the two-stage group.
The mean estimated blood loss was also larger, though
insignificantly, in the two-stage group. The incidence of
complications was significantly lower in the one-stage group.
At final follow-up, all 38 patients with pre-operative neuro-
logical deficits showed at least one Frankel grade of neurolog-
ical improvement, all 68 patients showed significant
improvement of their VAS back pain score, the mean kyphotic
angle has significantly improved, all patients achieved solid
fusion and 53 (78%) patients returned to their pre-disease
activity level or work.

Conclusion: Instrumented circumferential fusion,
whether in one or two stages, is an effective treatment for
dorso-lumbar tuberculosis. One-stage surgery, however, is
advantageous because it has lower complication rate, shorter
hospital stay, less operative time and blood loss.

GP107. Medium-Term Outcome of Posterior Surgery in The
Treatment of Non-Tuberculous Bacterial Spinal Infection
A Aljawadi1, Aryan Dawoodi2, Eze Imo3, Gagan Sethi4, Frances
Arnall5, M Chaudhry6, Joshi George7, Saeed Mohammed6, Rajat
Verma6, Anant Tambe6, Naveed Yasin6, Irfan Siddique6
1Salford University, Manchester, United Kingdom
2Manchester, United Kingdom
3

4Trauma and Orthopaedics, Spinal
5Higher Education Academy
6Spinal Surgery
7Neurosurgery Q4Q4

Q4

Introduction: The aim of this study is to evaluate the
outcome after posterior spinal stabilization surgery for the
management of de novo non-tuberculous bacterial spinal
infection.

Materials and Methods: Patients presenting to a single
tertiary referral spinal center between August 2011 and June
2014 were included in the study. 21 patients with non-
tuberculous bacterial infection were identified and included
in the study. All patients were managed surgically with
posterior stabilization, with or without neural decompres-
sion, without debridement of the infected tissue. Neurological
state was assessed using the Frankel Grading System before
and after surgery. medium-term follow-up datawas collected
using Spine Tango COMI questionnaires and Euro Qol EQ-5D
system with a mean follow-up duration of 20 months
postoperatively.

Results: The mean improvement in neurological def-
icits was 0.91 Frankel grade (range 0–4). At a 20 month mean
final follow-up, mean COMI score was 4.59, average VAS for
back painwas 4.28. These symptoms had no orminor effect on
the work or usual activities in 52%. 38% of patients reported a
good quality of life. The average EQ-5D valuewas 0.569. There
were no problems with mobility in 44% of patients. In 72%
there were no problems with self-care.

Conclusions: Our study has shown that posterior sur-
gery for the management of bacterial, nontuberculous spinal
infection can improve neurological outcome in approximately
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half of the patients. Atmedium-term follow-up, around 50% of
patients were able to return their pre-morbid work or usual
activities. Outcomes were comparable to other techniques
including anterior or combined surgery.

GP108. Early Diagnosis and Operative Management in Non
Tuberculous Spondylodiscitis - Outcome in a Case Series of
34 Patients
Pramod Sudarshan1, Aditya Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Apollo Hospitals, Chennai, India

Introduction:With the high prevalence of tuberculous
spondylodiscitis in India and the tendency to label all spon-
dylodiscitis astuberculous, it is prudent to have a high indexof
suspicion for non tuberculous infections and treat them
accordingly. With the concern on the usage of metal implants
in the infected spine, we study the safety and efficacy of
debridement and stabilization with metal implants in infec-
tive spondylodiscitis.

Material and Methods: Patient records and radio-
graphs of 34 patients of non tuberculous spondylodiscitis
who were operated between 2003 and 2013, were reviewed.
All the patients were managed with debridement of the
infected segment, reconstruction and stabilization of the
spine using titanium pedicle screws with interbody spacers.
Clinico-radiological follow up was done at 1, 3, 6 and then
yearly thereafter.

Results: 34 patients (M:23, F:11)with an average age of
48 years (20–68yrs)operated between 2003 and 2013. Low
back pain with left radiculopathy for an average duration of 4
months (1–12months) was the most common presentation.
Neurological involvement was seen in 12 patients (Foot drop-
8, Paraparesis-2 and Sensory deficits - 2). The pathology was
monosegmental in 27 patients (L5-S1:10, L4–5:13, L3–4:2,
L2–3:2). The infection was hematogenous in 18, post surgery
(discectomy/laminectomy) in 15 and post UTI in 1 patient. The
surgical isolates weremainly Staphylococcus aureus-17, E.coli
and Gram negative bacilli-7, MRSA-5, Pseudomonas-1 and
Fungal-4. 28 patients underwent posterior procedure, 1 ante-
rior alone and 5 underwent combined anterior and posterior
procedures. All the patients had appropriate antimicrobial
therapy and mobilized as early as tolerated. All patients had
excellent to good functional results and no evidence of infec-
tion at average follow-up of 72 months (27–130 months). ODI
and Kirkaldy-Willis criteria showed significant improvement
of function postoperatively. All the blood parameters were
normalized in 3 months. 1 patient had dural tear which was
repaired peroperatively without sequelae, 2 cases required
wound exploration and lavage. No other major complications
were encountered. All cases showed radiological fusion and
no evidence of metal related complications at the latest
followup.

Conclusion: Thorough debridement of necrotic mate-
rial creates a good vascularised environment and restoring
stability compromised by either infection or prior surgery
helps in healing process and reduces morbidity of patients,
with early return to normal activity. The use ofmetal implants
is safe and efficacious even in the presence of infection.

GP109. Post Operative Comparison of the Results of the Use
of Antibiotic Prophilaxis One and Five Days in Patients
Undergoing Lumbar Arthrodesis
Charbel Jacob Junior1, José Lucas Batista Junior1, Igor Machado
Cardoso1, Thiago Cardoso Maia1, Marcus Alexandre Novo
Brazolino1, Tadeu Gervazoni Debom1, Bruno Roncaglio1

1Departamento de Ortopedia da Santa Casa de Vitória Hospital,
Vitoria, Brazil

Introduction: antibiotic prophylaxis for patients un-
dergoing lumbar spine arthrodesis is controversial in the
literature. The objective of this article is comparing the results
of post-operative patients undergoing lumbar spine arthrod-
esis using first generation cephalosporin antibioticoprofilax-
iacom by one and five days.

Methods: we evaluated 43 patients aged between 16
and 76 years (mean 49.9 years), prospectively randomized,
undergoing lumbar arthrodesis of 01 to 03 levels between
November 2012 and April 2014, divided into two groups. At
first it was used a period of antibiotic prophylaxis of a day and,
in the second group, prevention was kept by 05 days. Follow-
ing clinical and laboratory criteria were evaluated.

Results: the prevention of surgical infections requires
far beyond the administration of antibiotics, according to the
CDC's latest update, however, the dose, spectrum and time of
use thereof remain controversial in the literature. The current
recommendation for antibiotic prophylaxis in clean surgery of
column is of single dose and, if a newdose is added, this should
not exceed 24 hours the post-op.

Conclusion: A single dose of antibiotic prophylaxis
with 1st generation cephalosporin is as effective as multiple
doses scheme pre and post operative in lumbar arthrodesis
surgery up to three levels, not justifying the costs and risks of
submitting the patient hospitalization under medicatedwide.

GP110. Posterior Transpedicular Decompression and Pedicle
Screw Fixation for Early Stage Thoracic, Thoracolumbar and
Lumbar Tuberculosis
Areena Dsouza1, Kalidutta Das1
1Depatrment of Spine, Indian Spinal Injuries Centre, New Delhi, India

Introduction: Anterior decompression and fixation has
been long considered as the gold standard for treatment of
tuberculosis of spine. Recently the posterior approach surgery
has gained popularity, based on the principle of adequate
debridement and stable xationwithmuch lower complication
rates. This retrospective study aims at evaluating the role of a
posterior transpedicular decompression and pedicle screw
fixation for early stage thoracic, thoracolumbar and lumbar
tuberculosis.

Material and Methods: Retrospective study of 55 pa-
tients treated with posterior transpedicular decompression
and pedicle screw fixation for tuberculosis of spine between
Jan 2009 toMay 2014 andhad aminimumof 18months follow
upwere included in the study. Their functional outcome (VAS
score), neurological outcome (ASIA grading) and radiological
outcome (xrayandMRI)were assessed. Patientswith kyphotic
angle > 30 degrees, more than 3 contiguous discal involve-
ment and multifocal lesions were excluded from the study.

Results: Thoracic spine was involved in 29, thoraco-
lumbar in 16 and lumbar in 10 patients. Mean follow upwas of
30.6 months. Mean age of patients was 47.2 years. Most
common indication for surgery was instability pain. VAS score
improved froman average of 9.2 to 2.4 in post operative period
and 3.2 at followup. Neurological improvementwas seen in all
patients with neurological deficits preoperatively. Mean ky-
phosis angle was 20.6 � 4.8 degrees and was corrected post-
operatively to 7.4 � 3.2 degrees (>50%). At the latest follow-
up there was mean loss of correction of 3.4 degrees resulting
in 6.5 degrees of final correction. Bony fusion was achieved in
78% patients with no patient having any clinical signs of
psuedoarthrosis.

Conclusion: Posterior transpedicular decompression
and pedicle screw fixation accompanied by chemotherapy,
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has shown an improvement in the functional outcome and the
neurological status in most of the patients with good mainte-
nance of spinal alignment without the need of an anterior
decompression and fusion. Hence this can be considered as a
relatively simple surgical option for early stage tuberculosis of
spine.

Medical Economics

GP111. The Development of Cell Salvage as a Technique
within Adult and Pediatric Spinal Surgery - A Small
Retrospective Study
Petra Hamrikova1, Jason Sayer2, Zayed Saleh Al Zayed1
1Department of Orthopaedic Surgery, King Faisal Specialist Hospital
and Research Centre, Riyadh, Saudi Arabia
2Perioperative Services, King Faisal Specialist Hospital and Research
Centre, Riyadh, Saudi Arabia

Introduction: Cell salvage is currently one of the main
methods for blood conservation peri-operatively. This proce-
dure derives the red cells from suctioned blood, washes them
and re-suspends the cells in saline which allows the red cells
to be transfused back to the patient. The aim of this study was
to evaluate the use of a cell saver peri-operative management
and its impact on amount of allogenic blood transfused to the
patients during adult and pediatric spine surgeries. This is a
retrospective study which reviews data of patients who
underwent spine surgery during the years 2010 to 2012 at
King Faisal Specialist Hospital and Research Centre in Riyadh.

Material and Method: A total number of 142 spine
surgery patients had been included in this study. The adult
group consisted of 78 patients who were further divided into
group A (39 pt.) without use of cell saver peri-operatively and
group B (39 pt.) with use of cell saver. In the pediatric group
there were 64 patients. Group A (32 pt.) relayed solely on use
of allogenic blood fromblood bank, patients in group B (32 pt.)
used cell saver peri-operatively. The machines used were a
mixof Haemonetics Corps Cell Saver 5 andHaemonetics 5. The
size of recuperation bowl we used were 70ml, 125 ml and
225ml. Swabs washing was also instituted to improve the
yield. The parameters collected were the amount of blood
transfused intra-operatively, within 24 hours post-operatively
and as a total. The number of patients who received transfu-
sionwas counted aswell as number of patients whowere able
to avoid any transfusion. Considering the cost effectiveness of
blood management we have estimated our results on the cost
of cell saver disposable and price per unit of blood in the year
2012. For statistical purpose we had chosen unpaired student
t-test, chi squared test and the Mann Whitney test.

Results: There had been found no statistically signifi-
cant difference in the groups A and B of the Adult group intra-
operatively, post-operatively and as a total by analyzing the
use of blood. In parameters showing the avoidance of trans-
fusions there had been also found no statistically significant
differences. In the Pediatric group of patients there was found
to be statistically significant difference between groups A and
B during intra-operative phase and as a total. Post-operatively
there was no significant difference in the blood use. The same
applies to the avoidance of transfusions. Economical analysis
of the blood management showed positive numbers for both
groups – Adult and Pediatric, when more than 1 unit of blood
was to be transfused.

Conclusions: Statistical analysis had discovered effica-
cy and cost effectiveness of peri-operative use of cell salvage
during Pediatric spine surgery. Its efficacy, concerning our
data, in the Adult spine surgery is questionable. But if taken on
a whole the use of cell salvage within spine surgery had been
seen to have positive impact on both blood management and
patient´s recovery.

Minimally Invasive Spine Surgery

GP112. Complications and Re-operation Rate after Extra-
foraminal Microscopic-Assisted Percutaneous Nucleotomy
Ahmed Shawky1,2, Dusko Babic1, Ahmed Ezzat Siam3, Ali Ezzati1
1Spine Center, Helios Klinikum Erfurt, Erfurt, Germany
2Assiut University Hospitals, Assiut, Egypt
3 Schön Klinik Vogtareuth, Vogtareuth, Germany

Introduction: Foraminal and extra-foraminal lumbar
disc herniations are uncommon. Main presentation is radicu-
lar pain related to the exiting nerve root in the affected level.
Different approaches for surgical intervention includemedian
or para-median open microscopic-assisted techniques, endo-
scopic approach or trans-tubular microscopic-assisted percu-
taneous technique.

Patients and Methods: Between October 2012 and
March 2014, 40 patients (18 females and 22 males) with
foraminal or extra-foraminal lumbar disc prolapse were op-
erated on in our center. Extra-foraminal percutaneous trans-
tubularmicroscopic-assisted approachwas used. Preoperative
investigations included plain radiographs and MRI. Preopera-
tive clinical evaluation included Visual Analogue Scale (VAS)
for radicular pain and neurological state. The mean follow up
period was 18 months (range 12 - 30).

Results: The mean age was 56 years. The most com-
monly affected level was L4/5 (22 patients ¼ 55%). The mean
preoperative VAS for leg pain was 82 mm, improved to 15
postoperatively. The average operative time was 69 minutes.
There were no intraoperative complications. One patient had
temporary postoperative quadriceps weakness (L4 radiculop-
athy) that was completely improved at 3 months follow up.
Another patient had deep venous thrombosis after discharge
and he was readmitted. Two patients had recurrence within
the first 6 months postoperatively. They were re-operated
using the same technique without complications. Both were
followed up for one year without a second recurrence. Two
patients with primarily severe degenerative changes and
neuroforaminal stenosis had recurrence of symptoms with
back pain and leg pain, re-operation as Transforaminal Lum-
bar Interbody Fusion (TLIF) was done

Conclusion: Trans-tubular percutaneous extra-forami-
nal microscopic-assisted nucleotomy is advantageous for fo-
raminal and extra-foraminal disc herniations. It is a muscle
splitting minimal-invasive approach with minimal morbidity.
Re-operation rate is not different compared with microsurgi-
cal open or endoscopic techniques. Results seems to be better
in cases with sequestrated disc lesion rather than degenera-
tive neuroforaminal stenosis.
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GP113. Randomized Controlled Trial of Minimally Invasive
Sacroiliac Joint Fusion Using Triangular Titanium Implants
vs. NonSurgical Management for Sacroiliac Joint
Dysfunction
David W. Polly1, Daniel Cher2, Kathryn Wine2, Peter Whang3,
Clay Frank4, Harry Lockstadt5, Charles Harvey6, Jonathan
Sembrano1
1Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, Minnesota, United States
2SI-Bone Inc., San Jose, United States
3Department of Orthopaedics and Rehabilitation, Yale University, New
Haven, Connecticut, United States
4Integrated Spine Care, Milwaukee, Wisconsin, United States
5Bluegrass Orthopaedics, Lexington, Kentucky, United States
6Riverside Healthcare, Kankakee, Illinois, United States

Introduction: Sacroiliac (SI) joint dysfunction is a
prevalent cause of unremitting low back pain. Doesminimally
invasive SIJ fusion provide superior outcomes compared with
nonsurgical treatment?

Methods: 148 subjects with SI joint dysfunction were
randomly assigned at 19 US centers to minimally invasive SI
joint fusion with triangular titanium implants (N ¼ 102) or
nonsurgical management (NSM, n ¼ 46). Pain, disability and
quality of life scores were collected at baseline and at 1, 3, 6
and 12 months. Success rates were compared using Bayesian
methods. Crossover from nonsurgical to surgical care was
allowed after the 6month study visit was complete.

Results: Sixmonth success rates were higher in the
surgical group (81.4% versus 26.1%, posterior probability of
superiority > 0.9999). Clinically important (�15 point) ODI
improvement at 6 months occurred in 73.3% of the SIJ fusion
group versus 13.6% of the NSM group (p < 0.0001). Improve-
ments in SIJ pain and ODI were sustained at 12 months in the
surgical group. Subjects who crossed over had improvements
in pain, disability and quality of life similar to those in the
original surgical group. Adverse events were slightly more
common in the surgical group (1.3 versus 1.1 events per
subject, p ¼ 0.3063). One patient underwent immediate revi-
sion surgery for neuropathic pain related to implant malposi-
tion. 77 and 78% of subjects assigned to SIJ fusion were “very
satisfied” with SIJ fusion at 6 and 12 months, respectively.

Conclusions: In this study, minimally invasive SI joint
fusion using triangular titanium implants was more effective
than nonsurgical management at one year in relieving pain,
improving function and improving quality of life in patients
with SI joint dysfunction.

GP114. Microdiscectomy Reduces Back Pain in Patients with
Lumbar Disc Herniation
Charbel Jacob Junior1, Igor Machado Cardoso1, Jose Lucas
Batista Junior1, Thiago Cardoso Maia1, Marcus Alexandre Novo
Brazolino1, Tadeu Gervazoni Debom1, Bruno Roncaglio
1Departamento de Ortopedia da Santa Casa de Vitória Hospital,
Vitoria, Brazil

Introduction: It is estimated that ~80% of the popula-
tion will present back pain, which can be caused by lumbar
disc herniation, impairing quality of life of patients. Surgical
intervention may be necessary in some cases, although there
are discussions about the effectiveness of different interven-
tions possible.We aimed therefore to evaluate the influence of
microdiscectomy in quality of life of patients with low back
pain and lumbar disc herniation.

Methods: Prospective and comparative study, inwhich
we compared the results of questionnaires for quality of life
(SF-36) and low back pain (Roland Morris) in patients in the

pre and postoperative microdiscectomy, through Student t-
test, p < 0.05.

Results: We evaluated 25 patients, 16 men and 9
women, with mean age 32,8 years. Improved quality of life
as indicated by the increase in all eight components of the
questionnaire SF-36: 1) functional capacity: 15.4 to 82.1; 2)
physical aspects: 0 to 83.3; 3) pain: 16.6 to 80.9; 4) general
state: 56.2 to 80.3; 5) vitality: 50.6 to 78.8; 6) social aspects:
32.3 to 88.5; 7) emotional aspects: 20.8 to 81.9; 8) mental
health: 60.2 to 79.5. Furthermore, there was significant re-
duction in Roland Morris questionnaire scores (preoperative:
17.5 � 5.1 versus postoperative: 0.9 � 2.2), reflecting a re-
duction of low back pain during the postoperative period.

Conclusion:We conclude that low back pain is present
and often debilitating for patients with disc herniated and,
aftes lumbar microdiscectomy occurs decline or absence of
back pain.

GP115. The Role of Minimally Invasive Spine Surgery for
Thoraco-Lumbar Fractures in Patients with Ankylosing
Spondylitis and Diffuse Idiopathic Skeletal Hyperostosis
(DISH)
Hussien El-Maghraby1, Sanjoy Nagaraja2, Radu Bletechi1
1Department of Neurosurgery, University Hospitals, Coventry, United
Kingdom
2Department of Neuroradiology, University Hospitals, Coventry,
United Kingdom

Introduction: Unstable spine fractures commonly oc-
cur in the setting of a poly-traumatized patients. The aim of
management is to balance the need for early stabilizationwith
quick patient’s mobilization and reduction of additional trau-
ma due to the major open surgery.

Material and Methods: To assess the operative data,
clinical and radiological outcomes of patients undergoing
minimally invasive management of Thoraco-lumbar fracture.

Design: Retrospective review of prospectively collect-
ed data.

Methods: 101 patients underwent minimally invasive
percutaneous fixation of Thoraco-lumbar fractures percuta-
neous fixation with or without vertebroplasty. All patients
were post-operatively either neurologically intact or im-
proved. There were 60 males and 41 females with an average
age of 44 years.

Results: The mean follow-up was 18 months (3–44
months). The mean operative time was 100 minutes (range
35–240 minutes) and the mean blood loss was < 100mL. VAS
was significantly improved from 8.7 to 1 at last follow-up. No
patient worsened his or her neurological condition
postoperatively.

Conclusion: Minimally invasive percutaneous fixation
of Thoraco-lumbar fractures in poly-traumatized patients
appears to be a safe and effective technique to manage
Thoraco-lumbar fractures without neurological impairment
and allowing early rehabilitation.

GP116. Minimally Invasive Percutaneous Fixation of
Thoraco-Lumbar Fractures in a Major Trauma Centre and
Single Institute Experience
Hussien El-Maghraby1, Radu Bletechi1, Sanjoy Nagaraja2
1Department of Neurosurgery, University Hospitals, Coventry, United
Kingdom
2Department of Neuroradiology, University Hospitals, Coventry,
United Kingdom

Introduction: Unstable spine fractures commonly oc-
cur in the setting of a poly-traumatized patients. The aim of
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management is to balance the need for early stabilizationwith
quick patient’s mobilization and reduction of additional trau-
ma due to the major open surgery.

Material and Methods: To assess the operative data,
clinical and radiological outcomes of patients undergoing
minimally invasive management of Thoraco-lumbar fracture.

Design: Retrospective review of prospectively collect-
ed data.

Methods: 101 patients underwent minimally invasive
percutaneous fixation of Thoraco-lumbar fractures percuta-
neous fixation with or without vertebroplasty. All patients
were post-operatively either neurologically intact or im-
proved. There were 60 males and 41 females with an average
age of 44 years.

Results: The mean follow-up was 18 months (3–44
months). The mean operative time was 100 minutes (range
35–240 minutes) and the mean blood loss was < 100mL. VAS
was significantly improved from 8.7 to 1 at last follow-up. No
patient worsened his or her neurological condition
postoperatively.

Conclusion: Minimally invasive percutaneous fixation
of Thoraco-lumbar fractures in poly-traumatized patients
appears to be a safe and effective technique to manage
Thoraco-lumbar fractures without neurological impairment
and allowing early rehabilitation.

Navigation: Clinical
GP118. Stimulation EMG Thresholds During Percutaneous
Robotic Assisted Pedicle Screw Placement
Andrew Cannestra1
1Lyerly Neurosurgery, Jacksonville, Florida, United States

Introduction: Robotic assisted placement of pedicle
screws has become increasingly popular inminimally invasive
lumbar surgery (MIS). Stimulated EMGmeasurements during
robotic pedicle cannulation have previously not been possible.
Although often performed as a second step during subsequent
tapping, this tapping may result in the destruction of the
pedicle and a breach if toomedial. We developed an insulated
cannulation tube for electrical measurements to increase
patient safety.

Methods: We developed a custom insulated cannula-
tion tube for robotic assisted pedicle screw placement. This
was coated with a micron thick non-conductive coating with
3cmofexposure at the distal tip corresponding to the length of
the pedicle. Thiswas then used in surgery and stimulated EMG
thresholds were take prior to and after tapping (with a 4.5mm
tap) during robot assisted surgery. Measurements were taken
using in house neuralmonitoring aswell as using theNuvasive
NVM5 system.

Results: 34 levels were cannulated using the Mazor
Renaissance Robotic system in a percutenous MIS approach.
No breaches were identified by stimulation criteria. (i.e all
stimulation EMG thresholds were greater then 10 in all
groups). The difference (absolute value) between the cannula
and tap was 5.3 +/� 0.3 mA. The tap had equal or lower
thresholds 75% of the time (relative to the insulated cannula)
and higher values in 25% of the stimulations.When comparing
between the two monitoring techniques, the variability was
consistent, 3.8 +/� 0.3mA

Conclusions: An insulated cannula during percutenous
robotic assisted pedicle cannulation provides accurate and
reliable measures of stimulated EMG thresholds. These meas-
urements were consistent with subsequent tapping with only
small variation. Measurements between in house monitoring
and Nuvasive monitoring were consistent with only slight
variation.

Nonoperative Clinical Treatments

GP119. Clinical Outcomes among Patients with Chronic Low
Back Pain Treated with Pregabalin Monotherapy in Fort
Portal Regional Referral Hospital in Western Uganda: Case
Series Report
Godfrey Pariyo1
1Department of Orthopaedics, Fort Portal Regional Referral Hospital,
Fort Portal, Uganda

Introduction: Chronic low back pain associated with
rediculopathy is a common reason for physician visits but no
guidelines are available for management of these patients in
Uganda. A placebo controlled trial on efficacy of Pregabaline
among patients with lumbosacral radiculopathy in Germany
was inconclusive on the benefit of Pregabaline1 in reducing
pain. In another study in USA using Pregabaline showed
inferior effect of Pregabaline monotherapy to combination
with Celecoxib on resolution of symptoms.2 We evaluated
clinical response to Pregabaline monotherapy on low back
pain associatedwith radiculopathy at the Orthopedics clinic of
Fort Portal Regional Referral Hospital in Western Uganda.

Methods: In this prospective study conducted from
February to July 2015, 15 patients with chronic low back pain
associated with rediculopathy exceeding 3 months were seen
in the orthopaedic outpatient clinic at Fort Portal Regional
Referral and all were treated with a 4 week course of oral
Pregabaline (75mg taken once a day) and evaluated for clinical
improvement. Visual Analogue Score (VAS) for pain was used
to assess the degree of pain among patients after 4 weeks of
treatment. Structured questionnaires were used to capture
sociodemographic and clinical data.

Results:Of the 15 patients 10 were females and 5 were
males, with age range of 28 -75 years and mean age 53 years.
Three patients were unable to walk before treatment due to
pain. Before treatment with Pregabaline all the patients had
Visual Analogue score of 8–10. After 4 weeks of treatment
with oral Pregabaline 13 patients showed significant improve-
mentwith reduction in the Visual Analogue score to 0–2while
2 patients had modest reduction in Visual Analogue score of
6–8.

Conclusion: Oral Pregabaline has good effect on the
treatment of patients with low back pain associated with
rediculopathy. However further research is needed with
sufficient sample, randomization and longer follow up.
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Novel Technologies: Clinical

GP120. Radiation Exposure in Single Level Lumbar Fusion:
Our Experience in Robotic Guidance Compared to Literature
Review of Minimally Invasive Fusions
Pramod Sudarshan1, Aditya Panda1, Aghilavendan
Paramasivam1, Vamsi Krishna Varma1, Sajan Hegde1
1Spine Unit, Apollo Hospitals, Chennai, India

Introduction: Lonizing radiation used in fluoroscopy
leads to significant radiation exposure to the surgeon, operat-
ing room staff, and the patient. Low dose exposure can cause
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skin burns, nausea, and cataracts where as in sufficient doses
increase the lifetime risk of cancer among spine surgeons and
patients. Moreover, accumulating low dose exposure over a
lifetime may lead to heritable changes at a genetic level.
Minimally invasive lumbar fusion, though becoming increas-
ingly popular has significant exposure to radiation. Robotic
guidance is the latest tool in spinal fusions and this study
focuses on radiation exposure in single level lumbar fusions
performed at our institution as comparedwith literature data.

Material and Methods: Seventy patients who under-
went robotic guided lumbar fusion (Renaissance, Mazor ro-
botics) performed by a single surgeon were analyzed
retrospectively for radiation exposure. The age of patients
ranged from 38 to 80 (mean, 56 years). Robotic guidance data
included execution rate, accuracy of guidance, total surgical
time, and time required for robotic guidance. Radiation-
related data included the average preoperative computed
tomographic effective dose, radiation dosage for calibration,
registration, placement of Kirschner wires, and total proce-
dure radiation time.

Results: Average operative time was 134.7 minutes
(82–150).Mean robotic guidance took 16 minutes. Average
operative radiation time was 6.2 seconds (5.2–8.6). The screw
execution rate was 99%, with an accuracy of 99.5%. Mean
radiation exposure dosage to the operating roomwas 3.7 mgy
(3.1–5.2mgy) in robotic guided patients. This exposure is
relatively 20 times lesser when compared with published
data on radiation exposure in minimally invasive lumbar
fusions.

Conclusion: Radiation exposure to the surgeon and the
operating room staff in our series of single level lumbar fusion
using robotic guidance was significantly lower than other
published results on fluoroscopy guidance and navigated
fusion. Robotic guidance reduces the radiation exposure
maintaining a high accuracy rate, thereby promising as a safer
alternative.

GP121. Accuracy of Robotic Guidances in Transpedicular
Spinal Screw Placement: A Series of 93 Patients for the First
Time in Vietnam
Tien Nguyen Le Bao1, Thach Nguyen Van1, Hoa Nguyen Dinh1
1Spine Department, Vietduc University Hospital, Hanoi, Vietnam

Introduction: The Renaissance Robotic System is a
technology used to guide screw placement through thoracic
and lumbar spinal pedicle with high accuracy. This research
introduces evaluation of thefirst series of 93 patients used this
system in Vietnam for further evaluating the accuracy of the
robotic guidance system for spinal surgery.

Material and Methods: Patients underwent spinal sur-
gery using pedicle screws placement are main subjects of this
research. Total 93 patients were divided into 2 groups (MIS
group and classic procedure group). Among each group, the
first 10 cases were studied and compared with the remaining
cases. The accuracy of 1003 pedicle screws inserted in 93
patients wasmeasured via postoperative CTscans system. The
result based on the position of screw was evaluated in 3
aspects: axial, lateral and A-P.

Results: 93 patients under this research include 6
patients of trauma case, 29 patients of scoliosis case, 58
patients of spondylolisthesis case. Measurements derived
from postoperative CT scans demonstrated the fact that
98.3% of the screws fell within the safe zone (Group A and
B), where 90.3% were completely within the pedicle (Gertbein
and Robbins classification). TheMIS procedurewas performed
on 33 patients. Among these 33 patients, there appeared a
significantly different accuracy between the first ten patients
to the remaining of each group (accuracy change from 80% of

Group A to 95.7% of Group B, p ¼ 0.05). Among patients group
underwent the classic procedure, the accuracy between the
first ten patients to the remaining of the group also showed
significant difference (accuracy changed from 96.5% of Group
A to 99.3% of Group B, p ¼ 0.05). 7/1003 pedicle screws were
reinsertedby freehand technique. On axial aspect, 915 (91.2%)
screws were totally inserted inside one half of vertebrae and
did not pass the middle line. On lateral view, 883 pedicle
screws (88%)were inserted atmedial position of vertebrae. No
neurological deficit was recorded. Average time spent for each
screw is 4 minutes.

Conclusion: The Robotic Guidance enhances perfor-
mance in spinal surgery by increasing the accuracy for pedicle
screws placement and reducing neurologic risks. In addition,
33 cases used a percutaneous approach reported herein
remark great contributions of Robotic Guidance in procedures
without anatomic landmarks.

GP122. Application of the Ultrasonic Bone Shaver in Spine
Surgery: Experience in 307 Patients
Derya Burcu Hazer1, Baris Yasar2, Aytac Akbas2, Hans-Eric
Rosberg3
1Department of Neurosurgery, Mugla Sitki Kocman University Faculty
of Medicine, Mugla, Turkey
2Cankiri State Hospital Neurosurgery Clinic, Cankiri, Turkey
3Department Hand Surgery, Skane University Hospital, Malmö,
Sweden

Introduction: Spinal surgery requires microscopic
bone removal, in which high speed drills are used. However,
the spinning and increased heat production when drilling
with diamond burrs under themicroscopemay cause damage
to the soft tissues such as the dura, nerve roots, the cord and
vessels. Ultrasonic bone removers have been introduced to
spine surgery recently. We review the clinical application of
different types of ultrasonic bone removers in spine surgery
and discuss technical points, the safety and efficacy of ultra-
sonic bone shaver in various spinal surgeries.

Material andMethods:Between June 2010 and January
2014, 307 patients with various spinal diseaseswere operated
with the use of Misonix ultrasonic bone curette with micro-
hook shaver (MUBS). Patients’ demographics, disease type,
surgery performed and complications and follow up were
recorded.

Results: Among the 307 patients, 33 (10,7%) cases had
cervical disorder, 17 (%5,5) thoracic disorder, 3(0,9%) foramen
magnum disorder and 254 (82,7%) cases had lumbar disor-
ders. Hemilaminectomy, limited-extended foraminotomy, re-
vision lumbar disc surgery, corpectomy, osteophytectomy and
laminoplasty were performed either assisted-or alone by
MUBS. The duration of the operations was comparable with
conventional spine surgeries, and the need for blood replace-
ment was relatively low. The one year follow up with Neck
Disability Index (NDI) and Oswestry Disability Index Scores
(ODI) were comparable with conventional studies. We had 5
cases of dural tears (1.6%) in patients with lumbar spinal
disease.

Conclusion:MUBSdoes not produce excessiveheat and
is a useful instrument for procedures performed in narrow
epidural spaces near the dura mater. According to our experi-
ence; it is also a safe tool with very low complications rates
after the learning curve is reached.We recommend this device
as an assistant tool in various spine surgeries, and as a primary
tool in foraminatomies.
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GP123. Surgical Management of the Spinal Cord Vascular
Lesions Supplied by the Anterior Spinal Artery
Sergey Neckrysh1, Pavel Krotenkov1
1Department of Neurosurgery, University of Illinois at Chicago,
Chicago, Illinois, United States

Introduction: Surgical management of the spinal cord
(SC) vascular malformations supplied by the anterior spinal
artery (ASA) is still disputable and technically demanding.
Treatment options include endovascular, open surgical, or a
combination of the two methods. All options have a risk of SC
ischemia resulting from retraction or dissection through the
SC, coagulation or embolization of the SC supplying artery. The
authors consider surgery to be an ultimate solution for this
pathology. We present four patients with symptomatic ante-
riorly placed vascular malformations inwhich total excision of
the lesions was performed by a posterolateral approach with
unilateral arthropediculectomy.

Materials and Methods: The case series included 4
patients (2male, 2 female), ages 23–56 (mean 32). All patients
initially presented with weakness in the lower limbs and (or)
pelvic organ dysfunction. The preoperative evaluation con-
sisted of a neurologic/urodynamic evaluation, and imaging
studies. In all patients the neuroimaging included magnetic
resonance imaging (MRI) and selective spinal angiography
(SSA), confirming the diagnosis of arteriovenous malforma-
tion in two patients, spinal hemangioma in one, and cavern-
ous angioma in another. Vascular malformations were
supplied by the ASA in 2 cases and by both the anterior and
posterior spinal arteries in the other two cases. Neurologic
status was based on duration of symptoms, the presence of
motor, sensory or sphincter dysfunction and grading by the
Frankel scale. Two patients with malformations supplied by
anterior and posterior spinal arteries underwent endovascu-
lar intervention to reduce the intensityof bloodflowbymeans
of embolization. In all patients the surgery was three stage
procedure made in one operative session: 1. Posterolateral
approach with unilateral arthropediculectomy; 2. Microsur-
gical resection of themalformation; 3. Posterior instrumented
fusion (to avoid postlaminectomy kyphosis). The patients
were positioned prone on the Jackson table with 3-point
Mayfield clamp affixed to the head placed in a neutral posi-
tion, to allow adequate posterior fusion. Posterolateral ap-
proachwith unilateral arthropediculectomy allowed to obtain
adequate visualization of the anterior and lateral aspects of
the SC for direct manipulations on the malformation and its
feeding vessels, while avoiding direct manipulations on the SC
or its dissection. Cervical/thoracic posterior screw fixation
and fusion was performed using freehand technique consid-
ering unique osteoligamentous and vascular anatomy. None of
the screws were malpositioned or interfered with post-op
SSA.

Results: Postoperative SSA demonstrated complete
disappearance of the malformation in all cases. Neurological
outcome improved in all patients. Follow-up Frankel grades
showed improvement to grade E in 2 patients (50%), and
reached grade D in 2 (50%).

Conclusion:Despite the increasing use of endovascular
techniques there is a significant role for operative manage-
ment of spinal cord (SC) vascular malformations having
complicated/combined arterial feeding. Treatment should be
individualized and integrated by endovascular and surgical
procedures, considering lesional angioarchitecture and clini-
cal status of the patient. Surgical approach should provide the
exposure of the anterior and lateral aspects of the SC for direct
manipulations on the malformation and its feeding vessels,
and exclude manipulations and dissection of the SC.

GP124. The Apifix Automatic Self-Correction Technique for
Adolescent Idiopathic Scoliosis at 1 ½ Years Follow-Up: A
Preliminary Report
Nick Sekouris1, Anasatasia Pilihou2, Apostolos Sovatzoglou3,
Konstantinos Soultanis1, Nick Karavidas4, Lito Flouda5, Eugenios
Vlahos6
1Department of Orthopaedics, Medical School, University Hospital
“ATTIKON,” Athens, Greece
2Department of Orthopaedics, Children Hospital “Agia Sofia,” Athens,
Greece
3Department of Orthopaedics, General Hospital “Doctors Hospital,”
Athens, Greece
4Physiotherapist, Certificated Schroth and SEAS Therapy, Athens,
Greece
5Department of Anaesthesiology, Athens Medical Centre, Athens,
Greece
6Department of Pediatric Orthopaedics, Athens Medical Centre,
Athens, Greece

Introduction: To present a new system for the treat-
ment of adolescent idiopathic scoliosis and thefirst outcomes.

Material-Methods: The new system (Apifix) is an au-
tomatic self-correction system, which is fixed by two trans-
pendicular screws on the convex side of the apex of the curve.
This system has been used in 4 adolescents with progressive
scoliosis of 32°-42°. No blood transfusion was needed. The
surgical time was ~1 hour, and the hospital stay was one day.
After three weeks, a special program of physiotherapy was
started to expand further the system. The Cobb angle, the
parameters of sagittal balance and the vertebra rotation (using
Nash-Moe technique), has been evaluated during a follow-up
of 1 ½ years.

Results: The Cobb angle average improved from 37° to
18,2°. Immediately postoperatively a scoliosis improvement of
13,7° (range: 17°-12°) was noted, and after the physiotherapy
other 5° (range: 1°-8°) of improvement was achieved. The
sagittal balance parameters remained unchanged. A sponta-
neous vertebra derotation average from 39,1% to 28,6% was
noted using Nash-Moe evaluation.

Conclusions: The first outcomes of the use of this
system are encouraging but further research inmore patients,
and in longer follow-up is needed. This systemoffers an option
between conservative treatment and spinal posterior fusion
to be used as an internal brace.

GP125. Report of One Year Follow Up of Patients after TLIF
using a 3-Dimensional Expandable Cage for Lumbar Fusion
with Lordotic Correction
Robert Morrison1, Julien Rigal2, Jean Charles Le Huec2, Klaus J.
Schnake1
1Center for Spinal Therapy, Schön Klinik Nürnberg Fürth, Nürnberg
Fürth, Germany
2Ortho-Spine Department, Bordeaux University Hospital, Bordeaux,
France

Introduction: The use of a new 3 dimensional (3D)
expandable cage for TLIF was extensively studied in bio-
mechanical tests, cadaver specimens and preliminary clinical
series. A wide footprint is achieved through a one side portal
due to the articulated implant positioned in the anterior third
of the disc space. The lordotic correction is accomplished due
to the expansion of the device in place assisting on the overall
sagittal alignment. Previous reports presented showed initial
promising clinical results. One year follow up of the first 10
patients is now reported.

Material and Methods: Ten patients were included in a
12months prospective reviewafter a TLIF using a 3D Titanium
alloy FLXFit expandable cage. The procedure was done for a
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single or two level fusion with positioning of the cage under
fluoroscopy and expansion for disc space height and lordotic
correction. All patients were supplemented with posterior
instrumentation. Primaryclinical outcomeswere evaluated by
preoperative, 6 months, 12 months and last follow-up visual
analog scale (VAS) and the Oswestry Disability Index (ODI)
scores. Complications and neurological impairment were
recorded. Radiographic assessment of pre and post-operative
results was performed with measurement of correction
achieved in the frontal and sagittal planes with EOS imaging
technology avoiding any distortion on X-Rays. All patients
underwent CT scan control at 12 months.

Results: All ten patients underwent a successful one or
two levels instrumented TLIF without any permanent neuro-
logical, vascular or visceral complication. The 3D cage implan-
tation provided lordosis augmentation of 8° (� 2.1°) allowing
restoration of the sagittal alignment according to pre-op
planning. On early post-op CT scans, good footprint and no
endplate violation were shown with no cage subsidence.
Clinical outcomes showed significant improvement for both
VAS and Oswestry scores (P < 0.05), 3.7 (� 2.9) and 31% (�11)
respectively. Similar outcomes were found at 12 months: no
cage subsidence, VAS and Oswestry scores (P < 0.05), 3.5 (�
2.7) and 28,4% (�12) respectively.

Conclusion: Lumbar interbody fusion using this new
3D expandable cage provided correction of the lordosis in a
shorter and effective surgical procedure. Awide footprint well
positioned cage, with customized height and angular correc-
tion achievement assured an optimal load transmission and
biomechanical environment for fusion. Initial clinical results
were followedwith successful clinical outcomes in all patients.

Surgical Complications

GP126. Final Fusion in Patients Treated with Rib Based
Distraction: A Review of Peri-Operative Results
John Heflin1, Jessica Morgan1, Victoria Heagy1, John Smith1
1Department of Orthopedics, University of Utah, Salt Lake City, United
States

Introduction: Rib based distraction for early onset
scoliosis (EOS) and thoracic insufficiency is an accepted
form of managing progressive spinal and chest wall deformi-
ties. Once growth has ceased, these patients generally under-
go definitive fusion surgery to prevent further progression of
deformity. Our objective was to review peri-operative out-
comes in patients undergoing definitive fusion following rib-
based distraction treatment for EOS.

Methods: 27 patients treated with rib-based distrac-
tion for EOS who subsequently underwent final fusion were
evaluated with an IRB approved patient registry. All patients
were treated by a single surgeon. Information from the
registry, patient operative reports, and X-rays were reviewed.
Surgical time, blood-loss, complications, overall correction,
and need for osteotomies were documented. Radiographic
measurements included pre and post-operative sagittal and
coronal Cobb angles. All numerical measurements were eval-
uated for statistical mean, range, and standard deviation.

Results: The average age at implantation of the rib-
based construct was 7.45 (1.78–11.78) years. The mean age at
definitive fusion was 13.51 (9.21–18.51) years, following an
average of 10.5 (0–18) lengthening procedures and 13.35 (3–
21) total surgeries. The mean coronal Cobb angle measured
67.42 (40–107) degrees prior to fusion and 50.17 (32–82)
degrees following fusion. Pre-operative mean kyphosis was
61.08 (8–113) degrees and post-operatively averaged 50.00
(20–85) degrees. Operative time averaged 256 (115–520)
minutes with a mean 534 cc (180–1280) blood loss. Osteot-

omies were required in 11 patients (41%). Complications
occurred in 12 patients (44%), 9 requiring a repeat procedure.

Conclusion: Definitive fusion in patients treated with
rib-based distraction is both technically challenging and tends
to be associatedwith longer operative times, higher blood loss,
and a higher rate of complications. Although the amount of
correction is limited by stiffness, scaring, and autofusion,
definitive fusion surgery does improve pre-operative coronal
Cobb angles and kyphosis. Longer term studieswill be needed
to establish whether correction is maintained over time.

GP127. The Impact of Obesity on the Orthopedic Spinal
Surgical Operative Time and Hospital Stay at King Khalid
University Hospital
Waleed Awwad1, Khalid Binown2, Abdulrahman Alkadhaib2,
Nawaf Modahi2
1Department of Orthopedic Surgery, Riyadh, Saudi Arabia
2College of Medicine, King Saud University, Riyadh, Saudi Arabia

Introduction: There is a conflict in the literature re-
garding the impact of obesity on the duration of surgical
operation and the length of hospital stay. Some studies
revealed that obesity has no impact on the duration of surgical
operation and the length of hospital stay1 and other studies
showed the opposite.2 Due to this conflict, we conducted this
study to determine whether the obesity has a major role on
operation time and hospital stay.

Material andMethod: The study design is quantitative,
observational, and retrospective cohort study on 129 patients
who underwent orthopedic spinal surgical operations in King
Khalid University Hospital during the years 2013 to 2015.
After the exclusion, we reviewed the charts of 106 patients to
obtain the duration of the surgical operation, length of
hospital stay, the amount of blood loss and the development
of postoperative complications. Also, we reviewed the pa-
tients' X-ray and MRI images to measure the space from
lamina to skin silhouette and the space from spinous process
to skin silhouette.

Results: 52.4% of the patientswhowere included in our
study were obese.The results revealed that obese patients had
a larger space from the lamina to skin silhouette and a larger
space from spinous process to skin silhouette on both X-ray
and MRI images. There was no statistically significant differ-
encebetween obese and non-obese patients regarding time of
surgery, blood loss and length of hospital stay. There is no
statistically significant difference between obese and non-
obese patients regarding the development of postoperative
complications, in particular DVT, surgical site infection, surgi-
cal revision.

Conclusion: The BMI of the patients who underwent
spinal orthopedic surgical operations in King Khalid Universi-
ty Hospital from 2013 to 2015 did not impact the time of
surgery, blood loss and length of hospital stay.
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GP128. Iliac-Cava Complication after L4–L5 Discectomy
Juan Fernández la Villa1, David Fernández Fernández1, Marco
Antonio Nogales Asensio2, Angel Vega Curiel2, Jesús María
Herrero Pineda2
1Trauma andOrthopaedic Surgery Department, Hospital San Pedro de
Alcántara de Cáceres, Cáceres, Spain
2Spine Surgery, Trauma and Orthopaedic Surgery Department,
Hospital San Pedro de Alcántara de Cáceres, Cáceres, Spain

Introduction: Lumbar discectomy is one of the most
often performed surgical technique at spinal level. The ap-
pearance of post discectomy complications is uncommon,
being even rarer the vascular ones.

Materials and Methods: In this paper we present the
case of a woman who underwent L4-L5 discectomy, left L5
foraminotomyand interspinousUniWallis implant at this level
through posterior longitudinal approach. Four weeks after
surgery, the patient presented symptoms of right heart failure
and systolic-diastolic murmur on aortic area with abdominal
and lumbar clear dominance. The CT scan revealed the pres-
ence of a right iliac-cava fistula that was treated by endovas-
cular surgery with success.

Results: Postdiscectomy vascular complications are
very uncommon (from 0.04 to 0.14%). However, they are
potentially fatal for patients. For this reason they should be
suspected, identified and treated as soon as possible. In this
case, the potential cause could had been a damage at baseline
wall of the right iliac artery. This could produce a pseudoa-
neurysm that progressed overtime and eroded the wall of the
vein cava adjacent leading to a right iliac-cava fistula forma-
tion due to the blood flow pressure. This justifies the start of
the characteristic symptoms.However, one of the peculiarities
and particularities of this case is that the clinic started 4weeks
after surgery, not having found in the literature publications
with these characteristics until this moment. Even though, it
has been described the formation of an aneurysm at 5 -6
weeks after trauma in Vascular Surgery. Moreover, postdis-
cectomy vascular complications have been reported more
frequently in the L4-L5 space, being more frequent lesion in
the right iliac artery. In this case, the disc level and laterality
agree with the most frequent complication, although ap-
proaching has been done by left side. On the other hand,
the anterior approaching has the highest rates of vascular
complication in spine surgery, but in our case the approaching
has been done by left posterior incision.

Conclusions: Postdiscectomy lumbar vascular compli-
cations represent a vital risk to the patient. For this reason
they must be taken into account for prompt diagnosis and
treatment. These complications can be asymptomatic during
hospitalization and postoperative and be revealed several
weeks later. Posterior approaches in lumbar spine surgery
are not exempt from vascular complications, since they fre-
quently occur by anterior approach. This case highlights the
importance of taking into account these vascular complica-
tions despite the posterior approach as well as after initial
satisfactory postoperative course.

GP129. A Case Report of Rod Migration into Cerebellum
through Foramen Magnum after Lateral Mass Fixation
Ayush Sharma1
1Department of Orthopaedic and Spine Services, Dr B R Ambedker
Central Railway Hospital, Mumbai, India

Introduction: There are many methods of posterior
cervical fixation for various indications and each with its own
early & late known complications. Among the late complica-
tions, Screwor rod pullout, screwor plate breakage, and screw
loosening are common.We are reporting here, connecting rod

migration into posterior cranial fossa, a rare complication after
lateral mass fixation.

Case Report: A 55 year old male patient was operated
with lateral mass fixation after posterior cervical decompres-
sion for ossification of posterior longitudinal ligament (OPLL).
Patient had symptomatic recovery without any complication
postoperatively. One and half years later the patient started
complaining of sudden onset giddiness followed by loss of
consciousness a few hours later. Ct scan showed lateral mass
screws construct with migration of left sided connecting rod
into the right cerebellum through foramen magnum. Patient
was operated for rod removal but he never regained con-
sciousness and was lost on eighth postoperative day. Autopsy
confirmed damage to right cerebellum due to rod migration.

Conclusion: Clinician should be aware that superior
rodmigration is a rare but potentially disastrous complication.
Regular follow upwith radiological evaluation should be done
to look for implant loosening, migration and non-union even
in asymptomatic patients. The implant should be subsequent-
ly removed after it has served its purpose.

Trauma Cervical

GP130. CT Analysis of Anatomical Variation and Injury
Affecting Posterior Pedicle Screw Fixation for Unstable
Hangman’s Fractures
Guangzhou Lee1, Qing Wang1
1Department of Spinal Surgery, Luzhou City, Sichuan Province, China

Introduction: The aim of this study was to evaluate the
anatomical variations and injuries in patients with unstable
Hangman’s fractures that affected the posterior pedicle screw
(PS) placement of C2-C3 and retrospectively review our
experience with management of these fractures.

Material and Methods: Clinical data were reviewed in
72 patients with unstable hangman’s fractures, especially
using three-dimensional computed tomography (3D-CT)
scan to identify the presence of anatomical variations or
injuries and analyzing the treatment strategies we used.

Results: Twenty-two patients(22/72,30.6%) with 39(C2
or C3) risk factors were not fit for safe C2–3 PS placement, due
to factors such as small pedicle size of C2 or C3, high-riding
vertebral arteries, fractured fragments encased into vertebral
canal or transverse process foramen of C2, sclerotic pedicles
and pedicle fractures of C3.One or more than one of these risk
factors could pose more risks of arterial or neural structures
damages in PS fixation for unstable Hangman’s fractures.
Individualized treatment plans were made to minimize the
risks of surgery for the 22 patients.

Conclusion: There is a high incidence of anatomical
variations and injuries in the C2- C3 region in patients with
unstable Hangman’s fractures that affect the PS placement.
Preoperative evaluation of these conditions using 3D-CTscans
is of paramount importance to avoid and decrease operative
complications and to choose appropriate surgical techniques.

GP131. Open Fracture of the Cervical Spine Due to a Peculiar
Injury Mechanism
Vicente Ballesteros1, Javier Lecaros1, Juán José Zamorano1,
Aleksandar Munjin1
1Department of Orthopaedic Surgery, Hospital del Trabajador,
Santiago, Chile

Introduction: Scarce literature is available regarding
traumatic open injuries of the cervical spine. In themajority of
the reported cases, the injury was caused by a penetrating
trauma due to a gunshot.We present the case of a patient with
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an open fracture of the cervical spine due to a peculiar injury
mechanism.

Material and Methods: Case report of a healthy 29-
year-old male who suffered an accident while riding a bicycle
on his way to work. Characteristics of the injury mechanism,
reported lesions, their treatment and follow-up are described.

Results: This 29-year-old male crushed his bicycle
against the inside of the door of a parked car, which was
suddenly opened while he was riding by it. As a result, he was
expelled from the bicycle and hit the right side of the anterior
aspect of his neck against the posterior superior corner of the
car´s door, causing a small stabwound-like injury. The patient
had no head injury, dysphagia or dysphonia and was neuro-
logically intact, but presented subcutaneous emphysema of
the neck. He was initially assessed with cervical spine X-rays
and a neck computed tomography (CT) scan, which revealed a
marginal fracture of the anterior inferior border of the C4
vertebral body with extension to the inferior platform of the
same level, but with normal sagittal alignment of the cervical
spine. A cervical spinemagnetic resonance imaging study was
also obtained, which demonstrated hyper intensity at the
anterior longitudinal ligament, the C4-C5 disc and the C4
vertebral body on T2-weighted images. He also presented a
traumatic dissection of the right common carotid artery,
detected on a CT-angiogram, but no injury of both the airway
and the esophagus was identified. Due to the lack of clinical
guides for the treatment of open spine fractures, this patient
received empiric IV antibiotic treatment with ceftriaxone and
clindamycin for one week follow by another week of PO
amoxicillin with clavulanic acid. The wound was cleaned
and closed with 2 interrupted stitches. The C4 fracture was
initially treatedwith a hard collar, but retro listhesis at the C4-
C5 level was detected on follow-up X-Rays 6 days after the
accident, probably due to anterior longitudinal ligament and/
or disc disruption, so an anterior discectomy and instru-
mented fusion of the C4-C5 level was performed. The carotid
artery dissection was treated non-surgically with anti-coag-
ulants (initially subcutaneous followed by PO treatment). C4-
C5 anterior fusion was confirmed with a CT scan performed 2
months after the surgery. The patient presented no compli-
cations due to his injuries or their treatment, returned towork
3 months after the accident and evolved with no neck pain
during follow-up.

Conclusion: Open fractures of the cervical spine pres-
ent particular characteristics that must be considered during
their initial work-up and treatment, usually involving a mul-
tidisciplinary approach to assess and treat associated injuries.
Injury of the anterior longitudinal ligament and/or interver-
tebral disc disruption due to penetrating trauma may cause
segmental instability requiring surgical treatment.

Trauma: Other

GP132. Assessment of Whole Spine MRI for Multilevel
Noncontaguous Spinal Fractures: Incidence, Patterns, and
Missed Injuries
Rishi Kanna1, Chandrashekhar Gaike1, Anupama Maheswaran2,
Ajoy Prasad Shetty1, S. Rajasekaran1
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India
2Department of Radiology, Ganga Hospital, Coimbatore, India

Introduction: Multi-level non-contiguous spinal inju-
ries are not uncommon and their incidence varies from 1.6 to
77% depending on the type of imagingmodality used. Delayed
diagnosis and missed spinal injuries in non-contiguous spine
fractures have been frequently described which can result in
significant pain, deformity and neurological deficit. Mulitlevel
injuries patterns have been studied in the past using X-rays

and occasionally CT scans. With the growing use of MRI in
assessment of spinal trauma scenario the impact of whole
spine MRI in evaluation of multilevel injuries have not been
assessed in the past. We performed this study to evaluate the
impact of using whole spine sagittal MRI in the multilevel
spine injuries.

Methods: Consecutive spinal injury patients treated
between 2011 and 2013were retrospectively evaluated based
on clinical and radiographic records. Patient demographics,
mode of injury, presence of associated injuries, clinical symp-
toms and the presence of neurological deficit were studied.
Radiographs of the fractured region and whole spine MRI
were evaluated for the presence of multi-level injuries We
evaluated 484 consecutive patients undergoing whole spine
sagittal MRI for multilevel injuries, missed injuries and ana-
lyzed the images for specific injury patterns.

Results: Among 484 patients, ninety five (19.62%)
patients had multilevel injuries including 86 (17.76%) with
noncontiguous injuries. Five common patterns of non-contig-
uous spinal injuries between different regions were observed.
Pattern I: Cervical and thoracic- 29.1%, Pattern II: Thoraco-
lumbar and lumbosacral - 22.1%, Pattern III: Thoracic and
thoracolumbar- 12.8%, Pattern IV: Cervical and thoracolumbar
- 9.1% and Pattern V: Lumbosacral and associated injuries-
9.0%. Whole spine MRI scan detected 24 (28.6%) missed
secondary injuries of which 5 were unstable. Fall from height
was the most common mechanism of injury I in 200 (51.6%),
and road traffic accidents contributed to 145 case (37.1%).
Neurological deficit was present in 251 patients (64.5%).
Complete neurological deficit (ASIA A) was observed in 131
cases(53.3%) while incomplete deficit was present in 120
cases(47.8%). One twenty six patients (32.4%) had associated
non-spinal injury including head injury (n ¼ 19), chest injury
(n ¼ 22), abdomen injury (n ¼ 4), pelvic injury (n ¼ 6) and
extremity injuries (n ¼ 75).

Conclusion: The incidence of multilevel non-contigu-
ous spine injury usingwhole spineMRI imaging is 17.76%. Five
different patterns of multi-level non-contiguous injuries were
found with the most common pattern being the cervical and
thoracic level injuries. The incidence of missed injuries iden-
tified using whole spine MRI was as high as 28.6% and among
them the incidence of unstable injuries can be as high as 21%.

GP133. Timing of Decompression in Patients with Acute
Spinal Cord Injury: A Systematic Review
Michael Fehlings1, Jefferson Wilson1, Paul Arnold2, Christopher
Shaffrey3, Mohammed Shamji1, Thomas Mroz4, Andrea Skelly5,
Jens Chapman6, Lindsay Tetreault1, Bizhan Aarabi7, Steve
Casha8
1Division of Neurosurgery and Spinal Program, Department of
Surgery, University of Toronto, Toronto, Canada
2Department of Neurosurgery, Kansas University Medical Center,
Kansas City, Kansas, United States
3Department of Neurological Surgery, University of Virginia,
Charlottesville, Virginia, United States
4Departments of Orthopaedic and Neurological Surgery, Cleveland
Clinic, Cleveland, Ohio, United States
5Spectrum Research, Inc., Tacoma, Washington, United States
6Swedish Neuroscience Institute, Seattle, Washington, United States
7University of Maryland, Baltimore, Maryland, United States
8Foothills Medical Center, Calgary, Canada

Introduction: To perform an evidence synthesis of the
literature assessing the comparative effectiveness, safety and
cost effectiveness of early decompression (� 24 hours) versus
later decompression (>24 hours) in adults with acute trau-
matic spinal cord injury.
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Material and Methods: A systematic search was con-
ducted for literature published through November 6th, 2014.
Included studies were critically appraised and GRADE meth-
ods were used to determine the overall strength of evidence.
Based on clinical expert opinion, an improvement of two or
more grades for Frankel or ASIA grades or 5 point improve-
ment in ASIAMotor Scorewas considered a priori to represent
clinically meaningful improvement.

Results: Six studies met inclusion criteria. All but one
was considered to be a moderately high risk of bias. Single
studies in cervical SCI, thoracolumbar SCI, cervical and thor-
acolumbar SCI, acute central cord injury without instability
were identified, and two studies report across SCI levels. Due
to the heterogeneity across studies (injury level, measures
used, and clinical characteristics), pooling of data was not
done. No studies of conservative management met inclusion
criteria. No full economic studies or studies of patient prefer-
ences or values were identified. Across studies and injury
levels, early surgical decompression, defined as surgery � 24
hours of injury, was not consistently associated statistically
with clinically important improvement in neurological status.
(low to very low strength of evidence) Isolated studies re-
ported statistically significant and clinically important im-
provement at 6 months for cervical injury and following
discharge from inpatient rehabilitation but not at other time
points in a population comprised of injury at any level;
another study reported a statistically significant 6 point
improvement in ASIA Improvement Score only among pa-
tientswithAIS B, C, or D, but not for thosewithAISA. (very low
strength of evidence). In one study of acute traumatic cord
injury without instability, a clinically and statistically mean-
ingful improvement in total motor scores was seen at six
months but not 12 months and there were no statistical
differences in ASIA Impairment Scale up to 12 months.
(very low strength of evidence) Only one of three studies
found a shorter length of hospital stay associated with early
surgical decompression. Safety and harms were reported in
only three studies; although no statistical differences between
early and late decompressionwere seen, including for mortal-
ity, neurologic deterioration, pneumonia or pressure ulcers,
studies were underpowered to detect differences particularly
for rare outcomes.

Conclusion: The overall strength (quality) of evidence
across studies was low to very low that early decompression
may lead to clinically important improvement in neurologic
status in some instances. For studies considering cervical SCI
alone and thoracolumbar SCI alone, the overall quality
(strength) of evidence was low. For studies involving a com-
bination of cervical, thoracic and lumbar SCI the strength of
the same conclusion was very low. Although no statistical or
clinically significant differenceswere noted between early and
late groups, firm conclusions regarding the safety of early
versus delayed surgical decompression are difficult given
small sample sizes and rare events.

GP134. Sacral Fractures
Maria Luz Suarez-Huerta1, Jesus Betegon-Nicolas1, Paula Casas-
Ramos1, Marta Esteban-Blanco1, Julio Villar-Perez1, Jose
Hernandez Encinas1, Ana Isabel Lozano-Muñoz1, Manuel
Fernandez-Gonzalez1
1Spine Deformity Unit, Leon, Spain

Introduction: Sacral fractures can result from a range
of injury mechanisms. While sacral fractures typically result
from high-energy injuries, there is increasing identification of
low-energy insufficiency fractures of the sacrum and pelvis in
elderly and osteoporotic patients. The pattern, location, and
stability of the fracture also vary greatly. Stable nondisplaced

fractures are usually treatednonoperatively,while significant-
ly displaced fractures require reduction and internal fixation.

Materials and Methods: Observational, longitudinal,
retrospective study of patients diagnosed sacrum fracture at
the Leon hospital from 1 January 2010 until 31 December
2014. We collected sociodemographic variables, types of
fractures, treatments and sequelae. We did a statistical analy-
sis using SPSS software v22.0

Results: 55 patients, 56,1% men, 39.3 years. The pelvic
fracture occur in ~50,9% of sacral fractures . Etiology: 40%
precipitates, 27% traffic crash, 23% hit by car. 64% had associ-
ated fracture in the superior extremities, 56% in the lower
extremities, 50% had vertebral fractures. There were 7% of
deaths. Denis classification more frequent were 1 and 2. 14%
had spinopelvic dissociation, 80% were men of 32,4 years, 70%
were suicidal jumpers. The kind more frequent of Transverse
Sacral Fractures was H and U.

Conclusion: Sacral fractures can be classified based on
anatomical and morphological characteristics. This classifica-
tion serves an important purpose in that it helps the surgeon
identify fractures more commonly associated with neural
compromise as well as those fractures requiring surgical
fixation.

Trauma: Thoracolumbar

GP135. Evaluation of Functional and Radiographic Outcomes
of Thoracolumbar Fractures
Ali Andalib1
1Department of Orthopaedia, Isfahan, Islamic Republic of Iran

Introduction: Thoracolumbar fractures are the most
common fractures of the spinal column. There is no consensus
about the preference of treatmentmethod among the authors.
The purpose of this study to compare the radiographic and
functional outcomes of conservativemanagementwith that of
surgical treatment in thoracolumbar spine fractures.

Material and Methods: Forty-nine patients with single
level acute thoracolumbar fractures and without neurological
complications were evaluated, of those 21 underwent surgery
and 28 were treated with orthosis. Radiographic outcomes
were evaluated by measuring sagittal kyphotic angle and
anterior vertebral body collapse; and functional outcomes
were assessed using SF36 health survey questionnaire and
Denis work and pain scales

Results: Among the surgically treated patients, sagittal
kyphotic angle was significantly lower immediately after
operation and in the last follow-up compared with preopera-
tive measurements (p < 0.001), and the functional results of
SF36 score and pain scale were satisfactory. Among those
receiving conservative management, sagittal kyphotic angle
and anterior vertebral collapsewere not significantly different
before and after bracing (p ¼ 0.4 and p ¼ 0.8, respectively),
functional outcome of SF36 scores were satisfactory, and
functional and radiographic results had no correlation.

Conclusion: This study showed that functional out-
come in both groups with surgical and non surgical treatment
was satisfactory. Radiographic indices were improved with
surgical treatment, and no correlation was found between
functional and radiographic outcome.
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GP136. Neurological Recovery after Early Reposition,
Decompression and Instrumented Fusion of C-Type L2
Fracture: A Case Report
Ivan Coc1, Tihomir Banic1, Vide Bilic1, Nenad Somun1, Zvonko
Kejla1
1Clinic for Traumatology, Clinical Hospital Centre “Sestre Milosrdnice,”
Zagreb, Croatia

Introduction: The case report evaluates the clinical and
radiological success of early reposition, posterior decompres-
sion, posterolateral fusion and stabilization by titanium pedi-
cle screws and rods, performedwithin six hours after injury in
young patient with C-type second lumbar vertebrae (L2)
fracture.

Material and Methods: 22 years old male patient
presented in our Clinic with C-type L2 fracture after accident
on work site when a part of truck engine felt on his back. The
severity of injury was determined using the ASIA (American
Spinal Injury Association) scale. Preoperative ASIA im-
pairment scale was evaluated as grade C, with L2 as the
most caudal segment with normal motor function. ASIA
muscle grading was grade ⅖ evaluated bilaterally on knee
extensors, ankle dorsiflexors, long toe extensors and ankle
plantar flexors. Patient had voluntary anal contraction and
normal anal sensation. ASIA sensory pin prick and light touch
scores were in the normal range. Concomitant injuries includ-
ed transverse process fractures of first, third and fourth
lumbar vertebrae (L1, L3, L4) with dislocation, bilateral pneu-
mothorax, fracture of eighth rib on right side and right-sided
pulmonary contusion. MSCT showed multifragmentary frac-
ture of anterior and posterior elements of L2 with dislocation
and luxation. Preoperative treatment included corticosteroid
therapy according to NASCIS III protocol and was continued 3
days postoperatively. Surgery was performed within 6 hours
after injury. Reposition of lumbar luxation, posterior decom-
pression, stabilization by titanium pedicle screws and rods
and posterolateral fusion with autologous bone graft was
done. Postoperatively patient wore a thoracolumbar orthosis
for 12 weeks. Physical therapy started second day after
surgery and was continued for 12 weeks.

Results: Patient underwent neurological and radiolog-
ical evaluation 3 days and 12weeks postoperatively.MSCT and
MR imaging were performed. 3 days postoperatively ASIA
impairment scalewas grade D, showing neurological recovery
on lower limbs with muscle grading ⅘ on knee extensors,
ankle dorsiflexors, long toe extensors and ankle plantar
flexors. 12 weeks postoperatively ASIA impairment scale
remained D but complete motor recovery was noticed on
knee extensors and long toe extensors bilaterally. Radiological
examinations showed residual dislocation in L1/L2 segment
with faset joints subluxation and right-sided foraminal steno-
sis. 12 weeks postoperatively patient was walking indepen-
dently with residual motor deficit seen on ankle dorsiflexors
and ankle plantar flexors on both legs.

Conclusion: In young patient with C-type lumbar frac-
ture and incomplete neurological deficit open reposition,
posterior decompression, posterolateral fusion and instru-
mented stabilization is a safe and effective procedure. It is
important to involve corticosteroid therapy and to perform a
surgery in early phase after traumatic incident. Our results
showed that there is a great possibility of neurological recov-
ery if the surgery is performed within 6 hours after injury.

GP137. The Value of CT and MRI in the Evaluation and
Management of Patients with Thoracolumbar Spinal
Injuries
S. Rajasekaran1, Alexander R. Vaccaro2, Rishi Mugesh1, Gregory
D. Schroeder2, F. C. Oner3, Luiz R. Vialle4, Jens R. Chapman5,
Marcel F. Dvorak6, Michael G. Fehlings7, Ajoy Prasad Shetty1,
Klaus J. Schnake8, Anupama Maheshwaran9, Frank Kandziora8
1Department of Orthopaedics, Ganga Hospital, Coimbatore, India
2Department of Orthopaedic Surgery, Thomas Jefferson University
and the Rothman Institute, Philadelphia, Pennsylvania, United States
3Department of Orthopaedic Surgery, University Medical Centre,
Utrecht, The Netherlands
4Department of Orthopaedic Surgery, Catholic University, Curitiba,
Brazil
5Department of Orthopaedic Surgery, The Swedish Neuroscience
Institute, Seattle, Washington, United States
6Department of Orthopaedic Surgery, Vancouver General Hospital,
Vancouver, Canada
7University of Toronto, Toronto, Ontario, Canada
8Schön Klinik Nürnberg Fürth, Center for Spinal Surgery, Fürth,
Germany
9Department of Radiology, Ganga Hospital, Coimbatore, India

Introduction: Although imaging has a major role in
evaluation and management of thoracolumbar spinal trauma,
the exact role of CT and MRI in addition to radiographs for
fracture classification and management is unclear. We con-
ducted an online survey base study to evaluate the added
value of computed tomography (CT) and magnetic resonance
imaging (MRI) in classification, evaluation of stability and
management of thoracolumbar injuries.

Methods: Spine surgeons (n ¼ 41) from around the
world classified 30 thoracolumbar fractures. The cases were
presented in a three step approach: first plain radiographs,
followed by CT and MRI images. Surgeons were asked to
classify according to the AO Spine Classification System,
evaluate fracture stability and choose management.

Results: Surgeons correctly classified 43.4% of fractures
with plain radiographs alone; after additionally evaluating CT
and MRI images, this percentage increased by further 18.2%
and 2.2% respectively. Instability was diagnosed in 68.5% cases
with plain radiographs and this percentage increased to 79.3%
after CT (p < .0001) but did not increase significantly after
MRI. AO Type A fractures were identified in 51.7% of fractures
with radiographs while the number of type B fractures
increased after CT and MRI. The number of type C fractures
diagnosed was constant across the three steps. Agreement
between radiographs and CTwas fair for A-type (k=0.31), poor
for B-type (k=0.19), but it was excellent between CT and MRI
(k > 0.87). CT and MRI had similar sensitivity in identifying
fracture sub types except that MRI had a higher sensitivity
(56.5%) for B2 fractures (p < 0.001).

Conclusion: For accurate classification, radiographs
alone were insufficient except for C type injuries. CT is
mandatory for accurately classifying thoracolumbar fractures.
Though MRI did confer a modest gain in sensitivity in B2
injuries, the study does not support the need for routine MRI
in patients without spinal cord injury for classification, assess-
ing instability or need for surgery.
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Tumors

GP140. Craniovertebral Junction Meningiomas: Analysis of
Clinical and Radiological Results
Antonino Raco1, Alessandro Pesce1, Giada Toccaceli1,
Alessandro Frati1, Demo Eugenio Dugoni1, Roberto Delfini1
1Department of Neurosurgery, A.O. Sant'Andrea, Sapienza University,
Roma, Italy

Introduction: Craniovertebral junction (CVJ) meningi-
omas are lesions of complex surgical management for the
delicate anatomical structures involved and for their tendency
to encase/dislocate vital structures such as the vertebrobasilar
system and the lower cranial nerves.

Matherials and Methods:We analized sex, age, clinical
presentation, topography, surgical approach, Simpson Grade
Resection, Lower Cranial Nerves postoperative deficit and
radiological, histology and clinical follow up at 1, 12 and 24
months of 61 patients affected by CVJ meningiomas, operated
on in the Neurosurgical Divisions of the University of Rome
“Sapienza” from 1997 to 2013.

Results: 78.7% of patients were women (mean age
52.85 years); the onset symptom was pain in 65.5% of cases.
The mean preoperative Nurick grade of the sample was 3,78;
The most frequent histological type was endotheliomatous
(42.8%). Twenty-two patients (5 with lateral and 17 postero-
lateral axial topography) were treated with posterior median
approach; in 39 cases (30 anterolateral and 9 anterior) we
performed a posterolateral approach. A Gross Total Removal
was achieved in 85.2% of cases. We reported an average
neurological improvement in this series (average preoperative
Nurick 3.81 and at 12months 2.13). In 29 patients there was a
transient deficit of IX, X and XI cranial nerves. No statistically
significant association between surgical approach and tem-
porary or permanent postoperative complications has been
found.

Conclusions: In conclusion posterior and posterolateral
with/without condilectomy and transposition of VA ap-
proaches represents the gold standard for the surgical removal
of these tumors and are safe and effective in terms of
postoperative morbidity.

GP141. The Influence of Histological Subtype in Predicting
Survival of Lung Cancer Patients with Spinal Metastases
Naresh Kumar1, Kimberly-Anne Tan1, JonathanTan1, Aye Sandar
Zaw1

1Department of Orthopaedic Surgery, National University Health
System, Singapore, Singapore

Introduction: Lung cancer is one of the most common
primaries responsible for spinal metastases. Recent advance-
ments in systemic therapies for lung cancer have significantly
improved the survival of patients with certain histological
subtypes. Existing prognostic scoring systems have little to no
prognostic value in lung cancer spinal metastases, and this
may be due to the lack of consideration of lung cancer
histology in their algorithms. Since prognostication plays a
key role in the decision for operative management of spinal
metastases, this study aims to analyze survival of lung cancer
patients with spinal metastases according to different histo-
logical subtypes, to provide some guidance in making more
informed surgical management decisions, better comple-
menting recent medical oncologic advancements.

Materials andMethods: All patients with histologically
confirmed lung cancer treated for spinal metastases at our
institution betweenMay 2001 and April 2012 were retrospec-
tively reviewed. The primary outcome measure was survival
from the time of diagnosis. Survival data was obtained from

the National Registry of Diseases Office. Patient demographic
variables, lung cancer histology and various modalities of
oncologic treatment were evaluated. Univariate andmultivar-
iate cox regression analyses of were performed using Stata
v.12. Statistical significance was defined as p < 0.05.

Results: Out of a total of 180 patients, 51 were treated
surgically. The overall median survival time was 4.8 months,
(range: 0.1–111.1 months). When subdivided according to
histology, patients with non-small cell lung cancer (NSCLC)
had a median survival of 5.2 (range: 0.1–111.1) months while
patients with small cell lung cancer had a median survival of
2.4 (range: 0.1–11.9) months. Female gender (p ¼ 0.049),
chinese ethnicity (p ¼ 0.040), NSCLC (p < 0.001), treatment
with epidermal growth factor receptor tyrosine kinase inhibi-
tor (EGFR TKI) therapy (p < 0.001), treatment with platinum
doublet chemotherapy (p < 0.001), and local radiotherapy
(p ¼ 0.070) for spinal metastases were all significant good
prognostic factors upon both univariate and multivariate
analysis. Surgery for spinal metastases itself did not signifi-
cantly improve survival (p ¼ 0.147).

Conclusions: Female gender, chinese ethnicity, NSCLC,
treatment with EGFR TKI therapy, treatment with platinum
doublet chemotherapy, and local radiotherapy for spinal
metastases are all independent favorable prognostic factors
for patients with lung cancers spinal metastases. Profiling
patients according to these factors should help guide decisions
for surgical management of spinal metastases given that
prognostic scoring systems are currently not predictive in
this patient group.

GP142. Is Salvaged Blood Ideal for Transfusion in Metastatic
Oncological Surgeries?
Aye Sandar Zaw1, Naresh Kumar1
1Department of Orthopaedic Surgery, National University Health
System, Singapore, Singapore

Introduction: Metastatic oncological surgery is associ-
ated with substantial blood loss. Allogeneic blood is the
current method for blood replenishment but it has been
associated with significant side effects such as: transmission
of infections, immunosuppression and other transfusion re-
actions. Autologous salvaged blood can be a good alternative;
yet, it has been contraindicated in oncological surgeries for
theoretical concern of reinfusing tumor cells and thereby
causing tumor dissemination.We aimed to investigatewheth-
er there is any supporting evidence that can logically address
the concerns of autologous salvaged blood transfusion in
metastatic oncological surgery.

Materials andMethods:Wesearched and reviewed the
literature through the electronic database – Medline, Scopus,
Web of Science and Google Scholar for relevant publications
from the past 20 years (January 1 1993 to December 31 2014).
We also supplemented the results by searching related key
articles from before this period. Relevant articles were select-
ed using search terms: “cancer surgery,” “intraoperative cell
salvage,” “autologous salvaged blood” “leucocyte depletion
filter,” “circulating tumour cells,” “leucocytes” and “white
blood cells.”

Results: The benefits of transfusion of salvaged blood
over allogeneic blood were clearly appreciated in various
oncological surgeries. Salvaged blood was comparable or
non-inferior to allogeneic blood in terms of safety. In view
of the existing circulating tumor cells in the patients with
metastatic cancer diseases, the theoretical concern of re-
infusing malignant cells from the salvaged blood does not
seem to be logical. The reinfusion of salvaged blood was not
found to worsen outcomes - tumor dissemination or distant
metastases in patients receiving it. It was also found that
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preserving of white blood cells in the salvaged blood seemed
to add benefits in promoting rapid immune recovery in the
cancer patients.

Conclusions: There is evidence supporting the use of
salvaged blood in various oncological surgeries. It was advo-
cated that transfusion of salvaged blood is economically
efficient, clinically effective and attractive alternative to other
transfusion methods. Better understandings and evidence on
the preserving white blood cells in the filtered salvaged blood
would provide further advantages of salvaged blood in having
rapid immune recovery in cancer patients.

GP143. Outcome of Kyphoplasty in Vertebral Compression
Fractures for Multiple Myeloma
Ujjwal K Debnath1, Vivek Goel2
1Department of Orthopaedics and Spine Surgery, King Hamad
University Hospital, Manama, Bahrain
2Department of Trauam and Orthopaedics, Kingsmill Hospital,
Mansfield, United Kingdom

Introduction: The principle symptoms in multiple
myeloma result from bone destruction, especially the spine.
Kyphoplasty is a new technique that involves the introduction
of inflatable bone tamps (IBT) into the vertebral body. The
purpose of the IBT is to restore the vertebral body back toward
its original height, while creating a cavity that can be filled
with highly viscous bone cement. The aim was to evaluate
clinical and radiological outcome of kyphoplasty in the treat-
ment of osteolytic vertebral compression fractures resulting
from multiple myeloma.

Material and Methods: 10 (Ten) patients underwent
consecutive kyphoplasty procedures in 13 vertebrae for os-
teolytic vertebral compression fractures resulting from mul-
tiple myeloma. Cement leakage and any complications were
recorded. Early objective analysis was made by comparing
preoperative and latest VAS andODI scores. Height restoration
was estimated by measuring vertebral height on lateral
radiographs.

Results: The mean age of patients was 62years, mean
duration of symptomswas 8months, andmean follow-upwas
7.4 (range 6–12) months. There were no major complications
related directly to use of this technique. On average, 40% of
height lost at the time of fracturewas restored. Asymptomatic
cement leakage occurred at one level in one patient. Signifi-
cant improvement in VAS and ODI scores were observed.

Conclusion: Kyphoplasty was efficacious in the treat-
ment of osteolytic vertebral compression fractures resulting
from multiple myeloma. Kyphoplasty is associated with early
clinical improvement of pain and function as well as some
restoration of vertebral body height.

GP144. The Use of Secondary Prognostic Parameters when
Malignancy of Undefined Primary Origin is Present in Spinal
Metastases
Jefferson Walter Daniel1, José Carlos Esteves Veiga1
1Division of Neurosurgery, Santa Casa de São Paulo - Faculty of
Medical Sciences, Sao Paulo, Brazil

Introduction: Accurate prognostication is not feasible
when the primary malignancy is unknown. Patients who

harbor spinal metastases with malignancy of undefined pri-
mary origin are common in the clinical scenario of installed
paraplegia within 24 hours or rapid progressive paraparesis.
Acute spinal nervous tissue compression is an indication for
urgent surgery and should be performed within 24 hours of
hospitalization. In this urgent clinical situation, time-consum-
ing neoplastic disease staging may not be feasible. An esti-
mated 3-month post-operative survival period seems
reasonable for the decision-making process regarding wheth-
er surgery should be performed. When the primary malig-
nancy site is unknown, secondary parameters are used to
estimate patient survival. Special patient care dependency,
spinal cord tumor compression, walking impairment, urgent
surgery, and malignancy of undefined primary origin can be
used to estimate survival and can act as secondary prognostic
parameters of survival. The objective of this study is to identify
pre-operative prognostic parameters for survival in patients
with spinal metastasis when malignancy of undefined prima-
ry origin is present.

Material and Methods: This study was a retrospective
chart review of patients who underwent surgery for spinal
epidural neoplastic metastases between February 1997 and
January 2011. Inclusion criteria: Knowledge of the post-
operative survival period. Five pre-operative prognostic
parameters for patient survival where identified: Special
care dependency (Karnofsky Performance Score 30 points);
Spinal cord tumor compression (MRI/TAC spinal imaging);
Walking impairment (ASIA Scale A & B); Urgent surgery;
Malignancy of undefined primary origin. Statistical analysis
compared patients with the selected five prognostic param-
eters for survival to those with one to four of these prog-
nostic parameters. The Kaplan–Meier method was used to
estimate the post-operative survival and the log-rank test
was used for statistical inference.

Results: A total of 52 patients who underwent 52
surgical procedures were identified. The mean age at the
time of spinal surgery was 53.92 years (standard deviation
19.09). Malignancy of undefined primary origin was present
in 36 (69.23%) of the patients in the preoperative period. The
overall median survival after surgery was 70 days (95% CI:
49.97–90.02) and post-operative mortality occurred within 6
months in 38 (73.07%) patients. The median post-operative
survival for the 16 (30.77%) patients harboring the selected
five prognostic parameters to estimate survival was 22 days
(95% CI: 4.36–39.64) and for the other 36 (69.23%) patients
with one to four of the prognostic parameters, 72 days (95%
CI: 57.30–86.70). The mean post-operative survival for the
same 16 (30.77%) patients harboring the selected five prog-
nostic parameters to estimate survival was 109.75 days (95%
CI: 107.49–251.27) and for the other same 36 (69.23%)
patients with one to four of the prognostic parameters,
210.33 days (95% CI: 118.46–302.20). Statistical inference
for the five analyzed prognostic parameters was p-
value=0.123

Conclusion: Patient special care dependency, spinal
cord tumor compression, walking impairment, urgent surgery
and malignancy of undefined primary origin are useful as
secondary prognostic parameters for patient survival. A 2- to
3-month post-operative survival period justified surgical
treatment in this study.

Global Spine Journal Vol. 6 Suppl. 1/2016

Presentation AbstractsS248



Author Query Form (GSJ/Abstract)

Special Instructions: Author please write responses to queries directly on proofs
and then return back.

Q1: AU: Please provide complete affiliation for number 3.
Q2: AU: Please provide complete affiliation for number 3.
Q3: [DRS]:There are a lot of unusual symbols in the Results section that need to be clarified.
Q4: AU: Please provide the complete details for all 7 affiliations.
Q5: AU: Please provide affiliation for number 2.
Q6: AU: Please provide affiliation for number 3.
Q7: AU: Please provide affiliation for number 4.


