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P1. DYNAMIC AND STATIC LOADING EFFECTS INTERVERTEBRAL DISC CELL VIABILITY 
IN THE LOADED DISC CULTURE SYSTEM  
Paul, CP1; Zuiderbaan, HA2; Zandieh Doulabi, B2; Van der Veen, AJ1; Smit, TH1; Helder, 
MN1; Mullender, MG1; Van Royen, BJ1 
1VU University Medical Center, Orthopaedic surgery, Amsterdam, Netherlands; 2VU 
University Medical Center, Oral Cell Biology, Amsterdam, Netherlands 

 

INTRODUCTION: Mechanical loading is a major factor in the onset of degenerative 
disc disease (DDD) and is associated with low back pain. The Loaded Disc Culture 
System (LDCS) is an ex-vivo bioreactor for culturing large species intervertebral discs 
(IVDs) with maintenance of IVD properties up to 21 days. With the LDCS we can 
examine the reaction of IVD cells and matrix to mechanical loading. In the current 
study we investigate if different loading regimes elicit different responses in goat 
IVDs cultured in the LDCS over a 14-day period.  
 
METHODS: IVD’s (L1-6;_N=175), were harvested 
from goats (N=35) under sterile conditions. IVDs 
were assigned to 1 of 4 diurnal loading groups 
(fig.1). Discs were cultured for 7 or 14 days in the 
LDCS. Cell viability was measured in the nucleus (NP) 
and annulus (AF) regions. IVD stiffness was 
calculated from loading force and IVD displacement. 
Water, glycosaminoglycan and total collagen 
content were analysed to assess the extracellular 
matrix (ECM) status.  

Figure 1. Schematic of loading groups: static (A). low 
dynamic (B), high dynamic (C) ,high dynamic 
prolonged (D) 
 
RESULTS: Static loading showed a drop in cell viability only in the AF region, when 
compared to day 0. Low dynamic load maintained cell viability, whereas high dynamic 
and prolonged high dynamic loading showed increasing cell death (fig.2). Disc height 
remained constant during culture in all groups. IVD stiffness increased initially within 
each load cycle and depended on load magnitude, but no significant changes were 
observed over the 7 and 14 day culture period (fig.3). Water-, GAG- and collagen 
content did not change significantly after 7 and 14 days in any experimental group 
compared to day 0 (data not shown).  (cont’d) 
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DISCUSSION: Cell viability in the caprine IVD depended on the applied loading 
condition. Low dynamic loading maintained cell viability, whereas no load, static, and 
higher dynamic loads induced pathological changes within 14 days. To generate 
loading effects on the ECM, longer culture duration may be needed.  
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P2. MECHANOREGULATION OF NUCLEUS PULPOSUS CELLS BY FLUID SHEAR STRESS  
Wang, Ping1; Yang, Li2; Hsieh, Adam H3 
1University of Maryland, College Park, Bioengineering, College Park, Maryland, US; 
2Chongqing University, Bioengineering, Chongqing, China; 3University of Maryland, 
Bioengineering & Orthopaedics, College Park & Baltimore, Maryland, US 

  
INTRODUCTION: Mechanical loading of the intervertebral disc (IVD) plays an 
important role in governing the function of nucleus pulposus (NP) cells. We found 
that glycoprotein expression was modulated by static and dynamic loading of NP cells 
in alginate during confined and unconfined compression. Trends in gene expression 
suggested fluid shear regulation. Subsequent parallel plate flow chamber assays 
revealed NP cell sensitivity to fluid shear stress, particularly lumican. 
 
METHODS: Rat NP cells were embedded in alginate disks and loaded for 1 hr in 
confined or unconfined compression, under dynamic (0-10kPa, 0.5Hz) or static 
compression (20% strain). For fluid shear experiments, NP cells were cultured in 
parallelâ€“plate flow chambers and subjected to shear stresses of 0.4 and 1.0 
dynes/cm2 for 1 hr. Real time RT-PCR and Western blotting were performed to assess 
gene expression of glycoproteins, and fluorescence microscopy was used to visualize 
cell deformation and cytoskeletal changes. 
 
RESULTS: We found that expression of lumican was differentially regulated in 
confined and unconfined loading, whereas changes in aggrecan, laminin, fibronectin, 
glypican, biglycan and fibromodulin expression were similar. Interestingly, lumican 
was significantly upregulated under static confined and dynamic unconfined 
compression. Motivated by biphasic model predictions, we tested whether NP cells 
were sensitive to fluid shear. We found lumican mRNA and protein levels to be 
upregulated by high shear stress. (cont’d) 
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DISCUSSION: This study demonstrates that NP cells are responsive to short-term 
loading in alginate constructs. In addition, we found that the small leucine rich 
proteoglycan lumican was particularly sensitive to the loading regime, and that its 
regulation can be linked with fluid shear stress. To our knowledge, this is the first 
reported observation that NP cells are sensitive to fluid shear. This mechanism of 
may play a significant role in the physiologic function of NP cells. 
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P3.  BIOMECHANICAL DIFFERENCES BETWEEN THE INTACT SPINE AND THE SPINE 
INSTRUMENTED WITH A TOTAL DISC REPLACEMENT (TDR)  
Marras, William; Knapik, Gregory; Mendel, Ehud 
The Ohio State University, Biodynamics Laboratory, Columbus, Ohio, US

 

INTRODUCTION: Total disc replacements (TDRs) have been used with the intention of 
restoring natural motion to the spine and reducing adjacent level trauma. While 
previous studies often compare TDR to fusion, no studies have compared the 
biomechanical behavior of the TDR instrumented spine to the intact spine.  
 
METHODS: A validated person-specific hybrid biologically-driven/finite element 
dynamic biomechanical model was used to assess the range of motion (ROM) and 
lumbar spine tissue force distribution in a subject performing a series of bending and 
lifting exertions in an intact spine compared with the same spine instrumented with a 
TDR inserted at L5/S1. The analysis was performed based upon imaging, muscle 
recruitment, and kinematic data gathered from a 24 year old male subject.  
 
RESULTS: The TDR instrumented spine forces were of much greater magnitude in all 
three directions of loading and were concentrated at both the endplates as well as in 
the posterior element structures as compared to the intact spine. Higher compressive 
loads were experienced at levels above the TDR insertion level than in the intact 
spine when supporting an external load (lifting). The dynamic ROM within the TDR 
joint was larger than in the intact spine (yet within the normal ranges under the 
unloaded bending conditions), and the differences between spines were far greater 
in all three planes of motion under loaded lifting conditions. At levels above the TDR 
insertion, larger ROM was also present during the lifting conditions. Sagittal motions 
were greater in the higher lumbar levels, but there appeared to be less lateral and 
twisting motion.  
 
DISCUSSION: Collectively, this analysis indicates that the insertion of a TDR 
significantly alters the function of the spinal system. These alterations result in 
significant biomechanical trade-offs between the intact spine and the TDR 
instrumented lumbar spines that have not been obvious previously reported.  
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P4. FORCE REQUIRED TO DELAMINATE THE ANULUS FIBROSUS IS ALTERED 
FOLLOWING ELASTIN DIGESTION  
Gregory, Diane E.1; Pichika, Rajeswari1; Sah, Robert L.2; Masuda, Koichi1 
1University of California San Diego, Department of Orthopaedic Surgery, La Jolla, US; 
2University of California San Diego, Department of Bioengineering, La Jolla, US

 

INTRODUCTION: Elastin is a component of the intervertebral disc (IVD) with a 
number of putative functional properties. Elastase has been used to digest elastin 
and elucidate its relative contribution to mechanical load-bearing properties of the 
IVD; however, the potential role of elastin in resisting delamination of anulus fibrosus 
(AF) layers has not been investigated previously. This study utilized elastase to 
breakdown elastin to examine its mechanical contribution to the inter-lamellar matrix 
between AF layers. 
 
METHODS: Eighteen IVDs were dissected from six bovine tails (three/tail). Six discs 
(one/tail) were treated for 36 h in each experimental group; 1) PBS; 2) PBS with 
selective protease inhibitors (PI, benzamadine and N-ethylmaleimide); 3) elastase 
(3U/mL) with PI. Following treatment, four AF samples from each disc (total=72; 
mean width of 4.47±0.49mm) were dissected such that 180° ("T") mechanical peel 
tests (rate=0.5mm/sec) could be performed in order to quantify the strength of the 
inter-lamellar matrix and its resistance to delamination. 
 
RESULTS: Tissue samples treated with elastase were found to be both stiffer and 
have greater peel strength than tissue samples treated in PBS or PBS with PI. 
Specifically, tissues treated with elastase were 42% stronger (p=0.004) and 37% 
stiffer (p=0.02) than tissues not treated with elastase. 
 
DISCUSSION: Based on the findings of this study, elastin does not appear to play a 
simple role in the contribution to inter-lamellar matrix strength and resistance to 
delamination. In fact, digestion of elastin appears to actually increase strength and 
stiffness of the inter-lamellar matrix and possibly decrease the likelihood of 
delamination. This surprising finding may be a result of a number of molecular 
rearrangements, such as realignment of cleaved proteins resulting in an increase in 
the number of parallel connections between the lamellae.  
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P5. MICROMECHANICAL CHARACTERIZATION OF INTER- AND INTRA-LAMELLAR 
ANNULUS FIBROSUS SPECIMENS  
Isaacs, Jessica1; Vresilovic, Ed2; Marcolongo, Michele3 
1Drexel University, Department of Mechanical Engineering, Philadelphia, US; 
2Pennsylvania State University, Department of Orthopedic Surgery, Harrisburg, US; 
3Drexel University, Department of Materials Science and Engineering, Philadelphia, US 

 

INTRODUCTION: The AF is composed of 25 unidirectional collagen fiber lamellae. 
Consecutive lamellae run in opposite directions with fibers at an angle of 60° to the 
long axis of the spine. We have developed a single lamellar model to test annulus 
lamellar biomechanics using a micromechanical test protocol and post processing 
microstrain analysis.  
 
METHODS: AF samples were sectioned from human cadaver samples (avg age 72±4). 
Inter- and intra-lamellar samples were tested until failure both in and out of plane at 
an average strain rate of 0.02 mm/sec.  
 
RESULTS: Data (UTS, εf, 
E) for the in plane intra-
lamellar samples were 
in the range from litera-
ture. Key findings 
showed reduction of 
properties between 0°, 
90°, radial cross-ply, and 
between layers. 
Properties were reduced 
compared to longitude-
inal intralamellar except 
for failure strain. Failure strain across layers doubled, likely due to elastin at the 
interlamellar junction.  
 
DISCUSSION: Elastin dominated interlamellar strain was double that of in ply (0° 
intralamellar). Ultimate tensile strength decreases intralamellarly with fiber angle (0° 
to 90°), with cross-ply properties falling in the mid point.  
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P6. MECHANICAL ENVIRONMENT OF ANULUS FISSURES  
Stefanakis, Manos1; Luo, Jin2; Pollintine, Phill3; Dolan, Patricia1; Adams, Michael 
Antony1 
1University of Bristol, Bristol, UK; 2Roehampton University, London, UK; 3University 
Bath, Bath, UK 

 

INTRODUCTION: Population MRI studies have confirmed that disc degeneration is 
often painful. Complete radial fissures in the posterior anulus are closely associated 
with pain, and in-growth of granulation tissue. Blood vessels are excluded from 
normal discs because they collapse if exposed to pressures much above blood 
pressure. We hypothesize that anulus fissures within degenerated discs provide a 
low-pressure micro-environment that is conducive to the in-growth of blood vessels 
and nerves.  
 
METHODS: 18 three-vertebra thoraco-lumbar spine specimens (T10/12 to L2/4) were 
obtained from 9 cadavers aged 68-92 yrs. Prior to testing, each disc was injected with 
up to 2ml of Toluidine Blue so that leaking dye would indicate major fissures in the 
anulus. Following pre-conditioning to expel excess fluid, each specimen was 
compressed at 1000 N while positioned in simulated flexed and extended postures. 
Stress distributions within the disc were measured by pulling a pressure transducer 
through the disc in the sagittal and frontal planes. All measurements were repeated 
after 1hr of compressive loading at 1000 N, which reproduced diurnal changes in disc 
hydration. After testing, discs were dissected and the morphology of fissures was 
noted. Changes in stress in the vicinity of fissures were compared with average 
pressure in the nucleus.  
 
RESULTS: Fifteen of 35 discs examined contained gross circumferential or radial 
fissures in the anulus. Focal compressive stress within the fissures was lower than 
nucleus pressure by 11-26% in normal discs and by 47-63% in degenerated discs 
depended on creep and posture. Stress reductions within fissures were inversely 
related to average nucleus pressure (p<0.05).  
 
DISCUSSION: Matrix compressive stresses are low within anulus fissures if the disc 
nucleus is decompressed. Nucleus pressure normally tensions the anulus, and loss of 
this support mechanism leads to focal decompression within fissures, allowing nerve 
and blood vessel in-growth.  
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P7. INTERVERTEBRAL DISC-DERIVED STEM CELLS: IMPLICATIONS FOR 
REGENERATIVE MEDICINE AND NEURAL REPAIR  
Erwin, William Mark1; Islam, Diana2; Eftekarpour, Eftekhar3; Inman, Robert4; 
Fehlings, Michael5 
1Toronto Western Hospital, Orthopaedic Surgery, Toronto, Canada; 2Toronto Western 
Hospital, Genetics and Development, Toronto, Canada; 3Toronto Western Hospital, 
Orthopaedic Surgery, Winnipeg, Canada; 4Toronto Western Hospital, Immunology, 
Toronto, Canada; 5Toronto Western Hospital/University of Toronto, Neurosurgery, 
Toronto, Canada 

 

INTRODUCTION: Degenerative disc disease (DDD) leading to spinal neurological 
disability is common in those over 60 yrs of age. Cervical spondylotic myelopathy is 
most commonly caused by advanced DDD and may lead to tetraparesis or even 
death. Theh human nucleus pulposus (NP) of the intervertebral disc (IVDs) contains 
multipotent progenitor cells shown to have mesenchymal-like differentiation capacity 
in vitro. We hypothesized that nucleus pulposus progenitor cells (NPPCs) would 
differentiate into neural precursor cells within the neural niche for use in neural 
repair.  
 
METHODS: We obtained NP cells from non-chondrodystrophic (mongrel) canine IVDs 
and following enzymatic digestion generated populations of self-renewing cell 
colonies and evaluated them for the expression of stemness genes, their ability to 
differentiate along chondrogenic, adipogenic and neurogenic lineages in vitro. We 
then GFP-transfected them and determined their ability to differentiate into neural 
precursor cells within the compact myelin deficient shiverer mouse brain.  
 
RESULTS: NPPCs express genes associated with ‘stemness’ including Sox2, Oct4, 
Nanog, CD133, Nestin and NCAM (figure 1). NPPCs are capable of differentiation into 
chondrogenic, adipogenic and neural lineages in vitro. Following injection into the 
shiverer mouse brain NPPCs differentiate into the major classes of neural precursor 
cells such as neuron and astro-glial cells. Most significantly we detected GFP 
expressing cells that demonstrated immunoreactivity to CNPase a marker of 
oligodendrocyte precursor cells as well as GFP positive cells immunopositive for 
myelin basic protein (Figure2) (Figure 3).  
 
DISCUSSION: Progenitor cells obtained from the intervertebral disc have the capacity 
to be used not only for cartilage and IVD repair, but also for neural repair strategies 
and most importantly and of profound potential significance, offer the possibility of 
use in the case of the injured spinal cord. (cont’d) 
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P8. FORMATION OF LAMELLAR CROSS BRIDGES IN THE ANNULUS FIBROSUS OF THE 
INTERVERTEBRAL DISC IS A CONSEQUENCE OF VASCULAR REGRESSION  
Smith, Lachlan; Elliott, Dawn 
University of Pennsylvania, Orthopaedic Surgery, Philadelphia, US

 

INTRODUCTION: Lamellar cross bridges are radial structures that connect two or 
more non-consecutive lamellae in the annulus fibrosus (AF). Their origin and function 
are unknown. During fetal development, blood vessels penetrate deep within the AF, 
and recede during postnatal growth. We hypothesized that cross bridges are the 
pathways left by these receding blood vessels. 
 
METHODS: Discs (n=4) from sheep aged 75 and 100 days fetal gestation, neonates, 3 
months, 7 months and adult were processed for paraffin histology. Mid-sagittal 
sections were immunostained for endothelial cell marker PECAM1. The anterior and 
posterior AF were imaged using differential interference contrast microscopy, and 
the following quantified: total number of cross bridges; % cross bridges staining 
positive for PECAM1; cross bridge penetration depth (% total lamellae); and PECAM1 
positive cross bridge penetration depth. 
 
RESULTS: Cross bridges were first observed at 100 days gestation. The overall number 
peaked in neonates then remained relatively unchanged. The number of PECAM1 
positive cross bridges declined progressively from ~100% at 100 days gestation to 
<10% in adults (Fig, L). Cross bridge penetration depth peaked in neonates then 
remained unchanged. Depth of PECAM1 positive cross bridges decreased 
progressively after birth. Findings were similar for both the anterior and posterior. Fig 
(R) shows PECAM1 positive cross bridges in the neonatal AF (bar=20µm). (cont’d) 
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DISCUSSION: The AF lamellar architecture is established early in development. It later 
becomes disrupted as a consequence of vascularization. Blood vessels then recede, 
perhaps due to increasing mechanical stresses in the surrounding matrix. In this study 
we present evidence that the pathways left by receding blood vessels remain as 
lamellar cross bridges. Our findings are consistent with existing evidence that the AF 
is unable to heal regeneratively following microstructural disruption. 
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P9. DISC CELLULARITY CORRELATES WITH VERTEBRAL VASCULARITY  
Buser, Zorica; Degmetich, Sean; Ryan, Paige; Liebenberg, Ellen; Lotz, Jeffrey 
University of California, San Francisco, Orthopaedic Surgery, San Francisco, US 

 

INTRODUCTION: The intervertebral disc is the largest avascular structure in the 
human body. Consequentially, disc cells must compete for nutrients that diffuse from 
the adjacent vertebra. When the flow of nutrients becomes compromised, a loss in 
cell function may act to reshape the biochemical and structural landscape of the disc 
resulting in a degenerative phenotype. Vascular content at the endplate (EP) has 
been shown to diminish with the normal process of aging. However, a direct link 
between EP ischemia and disc degeneration is not established. We hypothesized that 
vascular content at the vertebral EP will vary with age and influence disc 
degeneration. To test this hypothesis, we measured several vascular markers in 
human cadaveric vertebra correlated these with features of the adjacent discs.  
 
METHODS: Thirty-one cylindrical bone samples were obtained from cadaveric 
vertebra and pulverized with MM301 Retsch ball mill. The resulting sample powder 
was lysed and supernatant was collected for analyses. Immunoassays of the 
supernatants were performed to quantify the concentration of Von Willebrand Factor 
and Hemoglobin. We utilized ANOVA procedures to estimate the effect of vascularity 
on disc degeneration and disc nucleus cell density.  
 
RESULTS: Nucleus cell density correlated with Von Willebrand Factor concentration 
(R2=0.45; <0.0001), and when combined with age and disc height explained two-
thirds of the cell density variance (R2=0.68, p<0.0001). Consistent with this, we 
observed that vertebral Hemoglobin decreased by 48% in with advanced 
degeneration (Pfirrmann grades 4 and 5) when compared to mild degeneration 
(Pfirrmann grades 2 and 3).  
 
DISCUSSION: Our data support historical observations that vertebral blood flow has a 
significant impact on adjacent disc health. Next steps involve establishing a detailed 
understanding of vertebral vascularity changes using histology, 
immunohistochemistry, and broader set of vascular markers by ELISA.  
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P10. SINGLE NUCLEOTIDE POLYMORPHISM IN THE NERVE GROWTH FACTOR BETA 
(NGFB) GENE PREDISPOSES TO LUMBAR DISC DEGENERATION  
Shanmughanathan, Rajasekaran1; Kanna, Rishi Mugesh1; N, Senthil2; M, 
Raveendran2; MC Cheung, Kenneth3; Chan, Danny4 
1Ganga Medical Center and Hospitals, Orthopaedics and Spine Surgery, Coimbatore, 
India; 2Tamil Nadu Agricultural University, Dept of Plant Molecular Biology and 
Biotechnology, Coimbatore, India; 3The University of Hong Kong, Dept of 
Orthopaedics & Traumatology, Hong Kong, Hong Kong; 4The University of Hongkong, 
Dept of Biochemistry, Pokfulam, Hong Kong 

 

INTRODUCTION: NGFB has been shown to play a role in diseases of multifactorial 
etiology like cardiovascular diseases, obesity, Diabetes and metabolic syndrome. This 
is the first report of association of NGFB gene polymorphism with disc disease. The 
role of NGFB or the polymorphism in its gene in lumbar disc disease has not been 
studied before. 
 
METHODS: Damage to the nucleus pulposus annulus fibrosus and vertebral endplate 
were evaluated by Magentic resonance imaging of the lumbar spine. Three specific 
phenotypes representing disc degeneration (assessed by Pfirrmannâ€™s grade) 
annular tear (assessed by Hyperintense zones) and endplate damage (assessed by 
Total Endplate Damage Score TEPS) was studied in 342 subjects including 174 men 
and 168 women (aged 18â€“70 years). The subjects were standardised for age, sex, 
occupation, smoking habit and those with other spinal pathologies were excluded. 
Genotyping was performed on Genome Wide SNP array (GWAS-Affymetrix 500K SNP 
Platform) to identify the disease loci. Genotyping validation was conducted across 
eight breeds using Sequenom based genotyping. The frequency of occurrence of SNP 
(rs4076018, located at 115644333 bp in Chromosome 1) of the NGFB gene (A and T 
alleles) in cases and controls was determined. 
 
RESULTS: The T allele of the NGFB gene was significantly over-represented in subjects 
having disc degeneration (Pfirmmanâ€™s score â‰¥ 3 score, p=0.0086, Oddâ€™s 
ratio=0.6871). This allele was also significantly associated with endplate damage 
(TEPS >6, p=0.0153, Oddâ€™s ratio=0.5551). The incidence of disc degeneration also 

had a signiï¬•cant correlation with TEPS>6 (p <0.05). Patients with annular tears did 
not have a significant association with the polymorphism of NGFB (p>0.05).  
 
DISCUSSION: Genetic Polymorphisms of NGFB gene seem to play a significant role in 
disc degeneration through endplate damage. Since endplate damage is an important 
factor in the initiation of disc degeneration, the role of NGFB becomes more relevant.  
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P11. IN VITRO LIFESPAN AND SENESCENCE MECHANISMS OF HUMAN NUCLEUS 
PULPOSUS CHONDROCYTES  
Kim, Ki-Won; Chung, Ha-Na 
St. Mary¡¯s Hospital, College of Medicine, The Catholic University of Korea, 
Department of Orthopaedic Surgery, Seoul, Republic of Korea

 

 INTRODUCTION: Normal human cells in culture can only divide for a finite number of 
times. After serial passages in culture, normal cells enter a permanent growth arrest 
state that is termed replicative senescence. However, the in vitro lifespan and 
senscence mechanisms of human nucleus pulposus chondrocytes (NPCs) are unclear.  
 
METHODS: We serially cultivated human NPCs from patients of different ages (35, 42, 
55, 66, and 76 years of age) until the cells reached the end of their in vitro lifespan. 
We calculated NPC¡¯s cumulative population doublings (PDs) and examined 
senescence markers [senescence-associated β-galactosidase (SA-β-gal), telomere 
length, telomerase activity, p53, p21, pRB and p16] in the NPCs. 
 
RESULTS: NPCs from younger patients (35 and 42 years of age) had more PD 
capacities (32 PDs and 29 PDs, respectively) than those from elderly patients (55, 66 
and 76 years of age; 11 PDs, 9 PDs, and 11 PDs, respectively). With advancing PDs, 
NPCs irrespective of patients¡¯ age exhibited similar characteristic senescent features 
such as an increased SA-β-gal expression, shortened telomeres and decreased 
telomerase activity. The senescent NPCs activated both replicative p53-p21-pRB and 
stress-induced premature p16-pRB senescence pathways simultaneously. However, 
the activations occurred in the eralier PDs in the elderly patient (56 years of age, PD 
5) than in the young patient (35 years of age, PD 27). 
 
DISCUSSION: Our results indicate that NPCs have a finite in vitro lifespan, which 
markely decresses in the patients more than 50 years of age. Upon senescence, NPCs 
irrespective of patients¡¯ age exhibited similar senescence features and activated 
both replicative and stress-induced premature senescence pathways. Further studies 
are required to test whether or not forced proliferation of the NPCs by biological 
treatments for the regeneration of the intervertebral discs will shorten the lifespan of 
the NPCs.  
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P12. BASIC RESEARCH ON CRYOPRESERVATION OF ACTIVATED HUMAN NUCLEUS 
PULPOSUS CELLS  
Sakai, Daisuke; Hiyama, Akihiko; Nakai, Tomoko; Arai, Fumiyuki; Nakajima, Daisuke; 
Mochida, Joji; Tanaka, Masahiro 
Tokai University, Orthopedics Surgery, Kanagawa, Japan

 

INTRODUCTION: Transplantation of activated nucleus pulposus cells by coculture 
system with direct cell-to-cell contact with mesenchymal stem cells for prevention of 
progression of disc degeneration has proven efficacy in animal models and is 
currently investigated under clinical trial. Future perspective of the use of these cells 
in various situations is dependent on appropriate preservation. This study explores 
the cryopreservation methods of activated NP cells. 
 
METHODS: Human NP tissue were isolated from surgical samples (n=10, 20~39 years 
old) and each of them divided in 3 groups. A:non-cryopreservation group, B:cell 
cryopreservation group after enzymatic treatment, C:tissue cryopreservation group. 
In non-cryopreservation group, NP cells and MSCs were cocultured after 4days of 
primary culture. In groups B and C NP and MSCs were frozen either in cells or tissue 
for 2weeks before performing the coculture. Cell viability, proliferation, matrix 
production ability, colony generation and genetic analysis were performed in each 
groups.Chromosome abnormalities and tumorigenesis were evaluated in groups B 
and C. 
 
RESULTS: Cryopreservation had a negative effect on NP cell survival (B87%, C72%). 
There was no difference in proliferation and matrix production ability between the 
groups. As for colony generation, the number of spheroid colony formation in group 
C showed 1.4 times higher than the other groups. Result of RT-PCR analysis showed 
that cryopreserved NP cells expressed identical patterns with non-cryopreserved NP 
cells. Chromosome abnormalities and tumorigenesis were not observed in the 
cryopreserved NP cells. 
 
DISCUSSION: These result which show that although cryopreservation may lead to 
decrease of initial cell isolation, cryopreservation of activated NP cells is clinically 
feasible and safe. Regarding the fact that cells isolated from cryopreserved tissue 
showed the highest ability to generate spheroid colonies may be a result of cell 
selection by stress endurance.  

  



ORAL PRESENTATIONS  

 

 
P13. DEGENERATION IN FACET JOINTS AND INTERVERTEBRAL DISCS ACCELERATES 
AFTER THE FOURTH DECADE  
Espinoza Orias, Alejandro A.; Siemionow, Krzysztof; An, Howard, S.; Andersson, 
Gunnar, B.J.; Inoue, Nozomu 
Rush University Medical Center, Orthopaedic Surgery, Chicago, IL, US 

 

INTRODUCTION: Low back pain (LBP) may be associated with disc and facet 
degeneration. Narrowing of IVD due to disc degeneration (DD) alters disc 
biomechanics and may further promote facet joint osteoarthritis.  
 
METHODS: Lumbar spine CT & MRI scans (IRB-approved) from healthy and LBP 
symptomatic patients (42F/45M, 36.6±9.9 y.o., 55 healthy/32 symptomatic) were 
used to create 3D facet joint (FJ) and disc space surface models. A custom-written 
C++ routine calculated the facet joint space width (FJSW) and disc height (DH). Disc 
and facet degeneration were rated according to the Pfirrmann and Fujiwara scales, 
respectively. Subjects were pooled into two groups by age (younger 20s-30s/older 
40-50s) and spinal anatomical location (upper lumbar (UL): L1-L3, lower lumbar (LL): 
L4-S1) to analyze the data. Student's t-tests and ANOVA were used to detect 
significant differences between groups.  
 
RESULTS: DH and FJSW in the younger symptomatic subjects decreased with respect 
to their healthy peers, and this decline was maintained in the older group. After the 
4th decade, both the facet gap and disc height showed strong decrease in both 
symptomatic vs. asymptomatic subjects, with the normal subjects always having 
larger DH and FJSW (p<0.0001). DD MRI grades showed a steady increase with age 
and showed significant differences between all decades (p≤0.0262). More 
importantly, the FJ degeneration scores did not show differences (p=0.15) only 
between the 2nd and 3rd decades, while all other decades did (p<0.005).  
 
DISCUSSION: This data shows that degeneration scores in healthy subjects increased 
with advancing age. The lower lumbar spine was more susceptible to further 
degeneration. A constant progression was seen in DD MRI grades, whereas the FJ 
degeneration did not progress in earnest after the end of the third decade. This 
suggests facets start degenerating after the discs do, possibly due to the resulting 
altered disc mechanics.  

  



ORAL PRESENTATIONS  

 

 
P14. Withdrawn 

  



ORAL PRESENTATIONS  

 

 

 
P15.  THE ASSOCIATION OF ABDOMINAL OBESITY ON MAGNETIC RESONANCE 
IMAGING WITH LUMBAR DISC DEGENERATION AMONG YOUNG ADULTS  
Takatalo, Jani1; Karppinen, Jaro1; Taimela, Simo2; Niinimäki, Jaakko3; Laitinen, Jaana4; 
Blanco Sequeiros, Roberto3; Tammelin, Tuija5; Korpelainen, Raija6; Tervonen, Osmo3 
1University of Oulu, Institution of clinical sciences, Oulu, Finland; 2University of 
Helsinki, Depertment of public health, Helsinki, Finland; 3University of Oulu, Institute 
of diagnostics, Oulu, Finland; 4Finnish Institute of Occupational Health, Oulu, Finland; 
5LIKES Research Center for Sport and Health Sciences Jyväskylä, Jyväskylä, Finland; 
6University of Oulu, Institute of Biomedicine/Medical Technology, Oulu, Finland 

 

BACKGROUND: The role of overweight and obesity in lumbar intervertebral disc 
degeneration (DD) is largely unknown.  
 
METHODS: Magnetic resonance imaging (MRI; 1.5-T scanner) was performed to 558 
young adults (325 females and 233 males) at a mean age of 21 years. Each disc was 
graded as normal (0), mildly (1), or moderately degenerated (2). A sum score of DD of 
the lumbar spine was calculated, and categorized into 'No DD', 'Sum score of 1-2' or 
'Sum score of at least 3'. The MRI measures of obesity, abdominal cavity diameter 
(ACD), sagittal abdominal diameter (SAD), and dorsal subcutaneous thickness (DST), 
were categorized into tertiles. ACD and SAD were measured at the level of L3 or L4 
vertebral bodies using the narrowest horizontal diameter from abdominal 
subcutaneous fascia to the anterior border of vertebral body or subcutaneous fascia 
of the back, respectively. The DST was the shortest subcutaneous adiposity distance 
at L3-S1 (Fig. 1). The associations between these three obesity measures and DD (sum 
score of at least 3) were analysed using multinomial logistic regression.  
 
RESULTS: Of the subjects, 257 (46%) had no DD, 209 (38%) DD sum score of 1 or 2, 
while 92 (16%) had DD sum score 3 or higher. High SAD at 21 years was associated 
with DD (OR 6.0; 95% confidence interval (CI) 2.0-18.5) among males but not among 
females (OR 1.5; CI 0.6-3.6). ACD and DST were not significantly associated with DD 
(OR 2.4; CI 0.9-6.7 and OR 1.8; CI 0.7-4.8 in males; OR 1.1; CI 0.4-2.8 and OR 1.0; CI 
0.4-2.4 in females, respectively).  
 
CONCLUSION: In young males, sagittal abdominal diameter in MRI, a proxy for 
abdominal obesity, was associated with lumbar DD. In females no associations 
between DD and MRI obesity measures were detected. The results support our 
previous findings in the same cohort on the association of persistent high BMI with 
DD among males. (cont’d) 
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P16. EFFECT OF DIMINISHED FLOW IN RABBIT LUMBAR ARTERIES ON 
INTERVERTEBRAL DISC MATRIX CHANGES: EVALUATION WITH T2 VALUES USING 3T-
MRI  
Imanishi, Takao; Akeda, Koji; Sudo, Akihiro 
Mie University Graduate School of Medicine, Orthopaedic Surgery, Tsu, Japan

 

INTRODUCTION: Clinical and epidemiological studies have shown that cardiovascular 
diseases, including atherosclerosis, are associated with lumbar disc degeneration and 
low back pain. Atherosclerosis can obstruct lumbar arteries that supply the lumbar 
spine. However, the direct effect of impaired flow in lumbar arteries on intervertebral 
disc (IVD) matrix changes has not been examined. The purpose of this study was to 
evaluate IVD matrix changes in a rabbit lumbar artery ligation model using magnetic 
resonance imaging (MRI) T2 values.  
 
METHODS: New Zealand White rabbits (n=15, 12-weeks-old) were used in this study. 
The abdominal aorta was exposed and the third and fourth lumbar arteries that arise 
from the aorta were ligated using vascular clips. The blood flow of the L3/L4 disc was 
diminished by ligation of the third lumbar artery, and the L5/L6 disc by ligation of the 
fourth lumbar artery, while the L4/L5 disc, by the ligation of the third and forth 
lumbar arteries. The L2/L3 disc was used as the control disc. Disc height was 
radiographically monitored biweekly. At 4-, 8-, 12- weeks after surgery, five rabbits 
were sacrificed and processed for T2 value analysis (axial 3.0-MRI).  
 
RESULTS: There were no significant changes in disc height over the experimental 
period. The T2 values of the ID, BD and SD decreased at 8-weeks (ID: 90.1%, BD: 
77.6%, SD: 85.0%), with the magnitude of change being greatest in the BD. However, 
at 12-weeks, the T2 value of BD and SD recovered to a level approaching 90% of the 
control disc (ID: 89.2%, BD: 85.0%, SD: 90.1%).  
 
DISCUSSION: The results of this study showed that diminished flow in the lumbar 
arteries affects changes in T2 values in the corresponding IVD. The recovery of T2 
values at 12-weeks would be attributed to the development of collateral arteries 
surrounding the lumbar spine.  
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P17. HIGHER BONE MINERAL DENSITY OF THE VERTEBRAL BODY (NOT THE WHOLE 
VERTEBRA) IS ASSOCIATED WITH MORE LUMBAR DISC DEGENERATION  
Wang, Yue1; Boyd, Steven K2; Battié, Michele C1; Yasui, Yutaka1; Videman, Tapio1 
1University of Alberta, Edmonton, Canada; 2University of Calgary, Calgary, Canada 

 

INTRODUCTION: In peripheral extremities, 'good' bones are associated with 'bad' 
joint. Yet, this relationship remains controversial in the lumbar. The purposes of this 
study were to clarify the association between vertebral volumetric bone mineral 
density (BMD, mg/cm3) and adjacent intervertebral disc degeneration (DD) in the 
lumbar spine, with and without the influence of posterior elements, osteophytes, and 
endplate sclerosis.  
 
METHODS: A sample of 137 vertebrae and 209 intervertebral discs from lumbar 
spines of 48 men was studied (mean age 50, range 21-63 years). Discography was 
performed to evaluate DD with a 4-grade scale. The BMDs were measured using a ìCT 
system (resolution 82 ìm). For each vertebra, the BMD was obtained for (a) the whole 
vertebra, (b) the vertebral body, (c) the vertebral body excluding osteophytes, and (d) 
the vertebral body excluding the osteophytes and endplates. A mixed model was 
used to evaluate the associations between the different vertebral BMDs and adjacent 
DD, controlling for age, BMI and spinal level.  
 
RESULTS: No significant association was found between the BMD of the whole 
vertebra and adjacent DD. However, when the posterior elements were excluded, 
there was a significant association between greater BMD of the vertebral body and 
more severe degeneration in the disc cranial to the vertebra (P=0.008). This 
association remained after further excluding osteophytes (P=0.03) and endplates 
(P=0.017) from the vertebral body BMD measurements. A trend of greater BMD of 
the vertebral body associated with more severe degeneration in the adjacent discs 
was evident (P<0.05).  
 
DISCUSSION: Our results clarified the association between vertebral BMD and DD, 
and specifically identified that it is higher BMD of the vertebral body, not the entire 
vertebra, that is associated with more severe adjacent disc degeneration. This 
association may be obscured by the posterior elements, and is not confounded by 
osteophytes and endplate sclerosis.  
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P18. CROSS-SECTIONAL STUDY USING T1Ρ WEIGHTED MRI OF EARLY LUMBAR DISC 
DEGENERATION IN HEALTHY YOUNG ADULTS  
Vadalà, Gianluca1; Zobel, Bruno Beomonte1; Del Vescovo, Riccardo1; Loppini, Mattia1; 
Battisti, Sofia1; Martina, Francesca Maria1; Borthakur, Arijit2; Denaro, Vincenzo1 
1Campus Bio-Medico University of Rome, Rome, Italy; 2University of Pennsylvania, 
Philadelphia, US 

 

INTRODUCTION: A potential tool for studying early stage of IDD is T1ρ MRI 
technique. T1ρ relaxation time is directly correlated to sulfated-glycosaminoglycan 
content in the IVDs. The purpose of the study was to evaluate early intervertebral 
disc degeneration (IDD) in the lumbar spine quantified by T1ρ and T2-weighted MRI 
in asymptomatic young adults and to correlate T1ρ values with Pfirrmann 
degenerative grade, gender and body mass index (BMI).  
 
METHODS: T1ρ and T2 weighted images of the lumbar spine were performed at a 
1.5T MRI scanner for 63 asymptomatic young subjects (male 34, female 29; mean age 
22.95 ± 1.8). Semiautomatic segmentation at the discs was performed before 
obtaining T1ρ maps and values of the nucleus pulposus (NP) and annulus fibrosus 
(AF) (n=315). The degenerative grade was assessed from T2-weighted images 
according to the Pfirrmann scale. Differences in T1ρ value among gender, BMI and 
linear regression analyses with Pfirrmann degenerative grade were calculated.  
 
RESULTS: The T1ρ values of NPs were significantly higher compared to the AF values 
in all levels. The evaluation of the gender difference in T1ρ value of the NP showed a 
significant lower value in the female discs (p<0.05). T1ρ values decreased linearly 
with increasing degenerative grade (R2=0.97). However, the bivariate scattergram 
analysis of no degenerated disc (grade 1 and 2) showed the wide heterogeneity 
distribution of T1ρ value. No significant correlation was observed between the T1ρ 
value of the NP and the BMI (R2=0.001).  
 
DISCUSSION: The study showed a significant gender difference in IDD onset without 
BMI correlation. T1ρ values correlate with Pfirrmann degenerative grade in young 
adults. However, the Pfirrmann grade presents a low capacity to detect the early 
degenerative biochemical changes of the disc. T1ρ can be potentially used as a clinical 
tool to identify early IDD and to create a reliable quantitative scale.  
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P19. INTERVERTEBRAL DISC DEGENERATION ON MRI IS ASSOCIATED WITH LOW 
BACK PAIN: A POPULATION-BASED STUDY  
Samartzis, Dino1; Karppinen, Jaro2; Chan, Danny3; Luk, Keith1; Cheung, Kenneth1 
1University of Hong Kong, Orthopaedics & Traumatology, Pokfulam, Hong Kong; 
2University of Oulu, Physical Medicine and Rehabilitation, Oulu, Finland; 3University of 
Hong Kong, Biochemistry, Pokfulam, Hong Kong 

 

INTRODUCTION: According to previous studies, the presence of disc degeneration 
based on MRI and its association with low back pain (LBP) remains questionable. 
However, such studies were not population-based and/or entailed various 
methodological limitations, and should be interpreted with caution. Therefore, as 
part of the largest radiographic and clinical population-based study of the lumbar 
spine, this study addressed the association of disc degeneration as noted on MRI with 
the presence and severity of LBP.  
 
METHODS: Sagittal T2-weighted MRIs of the lumbar spine were obtained of 2,702 
adult Southern Chinese. Radiographic evaluation entailed the presence of disc 
degeneration based on the Schneiderman et al criteria. An overall degenerative disc 
disease (DDD) score (range: 0 to 15) was obtained and represented the global 
severity of disc degeneration. Additional assessment of spine 
pathology/abnormalities, LBP, visual analog scale (VAS) pain scores, and subject 
demographics were performed.  
 
RESULTS: There were 1,614 females and 1,088 males (mean age=42 years). 
Individuals with disc degeneration had a higher prevalence of LBP than individuals 
without disc degeneration (p<0.001). Similarly, VAS pain scores were significantly 
higher in individuals with disc degeneration (p<0.001). DDD scores were also 
significantly greater in individuals with LBP as opposed to those without LBP 
(p<0.001). Adjusted logistic regression modeling noted a significant increased 
association (r2=0.95) of disc degeneration severity and LBP (DDD=0 (ref), adjusted 
OR=1.4 at 1-2 DDD; OR=1.7 at 3-4 DDD; OR=2.0 at 5-6 DDD; OR=3.4 at >7 DDD; 
p<0.001).  
 
CONCLUSION: This large-scale study noted that disc degeneration based on MRI is 

significantly associated with LBP. The â€œglobal severityâ€• of disc degeneration 
was found to increase the risk of having LBP. These findings support that the study of 
disc degeneration on MRI is clinically relevant.  
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P20. LUMBAR DISC CHANGES ON MRI AND LOW BACK PAIN. A PROSPECTIVE LONG-
TERM STUDY IN HEALTHY VOLUNTEERS FROM CHILDHOOD TO MATURITY  
Lund, Teija1; Klemetti, Erkko2; Lohman, Martina3; Kettunen, Jyrki4; Osterman, Kalevi2; 
Schlenzka, Dietrich1 
1ORTON Orthopaedic Hospital, Department of Spine Surgery, Helsinki, Finland; 
2ORTON Orthopaedic Hospital, Helsinki, Finland; 3ORTON Orthopaedic Hospital, 
Department of Radiology, Helsinki, Finland; 4ORTON Research Foundation, Helsinki, 
Finland

 

INTRODUCTION: Patho-anatomic and MR imaging studies have shown disc 
degeneration as early as in adolescence. The purpose of the present study is to define 
the starting point of disc changes, their development during growth, and their 
relation to low back pain (LBP) symptoms.  
 
METHODS: Ninety-five randomly chosen healthy children (51 girls and 44 boys) were 
examined at the age of 7-8, 12-13, and 18-19 years with a structured interview, 
clinical examination, and MR imaging. The follow-up rate at age 18-19 was 90%. T2-
weighted MR images were assessed for the nucleus signal intensity, disc height, any 
protrusions, herniations, annular tears, or HIZs. For statistical analysis, Fischer´s Exact 
Test (two-tailed) was used with the level of significance set at 0.05.  
 
RESULTS: LBP was reported by 9%, 14%, and 59% of the children at the different time 
points. Only 14% had visited a doctor because of their symptoms. Girls had more LBP 
than boys, but the difference was not significant. At age 19, 75% of the smokers (24% 
of the whole study population) and 51% of the non-smokers reported LBP (p=0.073). 
None of the children at age 8, 1% at age 13, and 15% at age 19 had black discs on 
MRI. Additional disc changes were found in 22%, 23% and 60% at the ages 8, 13, and 
19, respectively. The presence of MRI findings did not correlate with LBP. Girls had 
slightly more MRI changes during the growth period, but the difference was not 
significant. There was no significant difference in the occurrence of MRI changes 
between smokers and non-smokers.  
 
DISCUSSION: Lumbar MR images of healthy individuals show disc changes already at 
early school age. During the growth spurt, the frequency of LBP and MRI findings 
increases markedly. No clear correlation between MRI findings and LBP could be 
established. Girls had more MRI changes during the growth period, but not at the end 
of growth.  
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P21.  TEMPORAL INTERACTIONS OF DEGENERATIVE CHANGES IN INDIVIDUAL 
COMPONENTS OF THE LUMBAR INTERVERTEBRAL DISCS: A SEQUENTIAL MRI STUDY 
IN PATIENTS LESS THAN FORTY YEARS OF AGE  
Sharma, Aseem; Parsons, Matthew; Pilgram, Thomas 
Washington University School of Medicine, Mallinckrodt Institute of Radiology, St. 
Louis, MO, US 

 

INTRODUCTION: The natural history of the degenerative disc disease is poorly 
understood. The aim of this study was to better understand this process by focusing 
on the relative prevalence, temporal evolution, and interactions of pathology in the 
anulus fibrosus, nucleus pulposus, and the end plates on sequential magnetic 
resonance imaging (MRI) studies.  
 
METHODS: MRIs of the lumbar spine in 63 patients, obtained at a mean interval of 30 
months, were evaluated independently by two neuroradiologists to assess the 
temporal evolution of degeneration changes in 378 discs between T12 through S1 
segments. In addition, a direct side-by-side comparison of two studies was also 
performed. Statistical analysis was performed to assess the association between the 
degeneration of individual disc components, and to find the predictors of future 
degeneration.  
 
RESULTS: Anulus was the most commonly affected disc component, both initially, as 
well as at the follow up of initially normal discs. Both end plate defects and nuclear 
degeneration were rare in the absence of radial tears. Relative prevalence of these 
changes was similar across different age groups. Radial tears (with or without 
herniation) and end plate defects were associated with higher nuclear degeneration. 
Multiple nominal logistic regression analysis showed that radial tears, herniation, and 
the duration between the two MRIs were the significant predictors of worsening 
nuclear degeneration. Age, sex, and the segmental disc level did not independently 
predict progressive nuclear degeneration. New nuclear and end plate pathology was 
always accompanied by new anular tears.  
 
DISCUSSION: These results suggest early involvement of anulus in the degenerative 
process. These findings also highlight the importance of radial tears in this process, 
with remarkably stable appearance of intervertebral discs in the absence of radial 
tears (with or without herniation), irrespective of age, sex, or the segmental disc 
level. (cont’d) 
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P22. IN VIVO TOPOGRAPHIC ANALYSIS OF LUMBAR FACET JOINT SPACE WIDTH 
DISTRIBUTION IN HEALTHY AND SYMPTOMATIC SUBJECTS  
Simon, Peter1; Espinoza Orias, Alejandro A.2; An, Howard S.2; Andersson, Gunnar B. J.2; 
Inoue, Nozomu2 
1University of Illinois at Chicago, Department of Bioengineering, Chicago, US; 2Rush 
University Medical Center, Orthopedics, Chicago, US 

 

INTRODUCTION: Facet joints (FJs) are synovial articulations which play an important 
role in load transmission as well as restricting range of motion. Joint space width is an 
important parameter in evaluating cartilage degeneration of the synovial joints. The 
aim of this study was to obtain detailed FJ space width (FJSW) distribution based on 5 
topographic zones in a cohort of healthy and symptomatic low-back-pain (LBP) 
subjects.  
 
METHODS: Lumbar CT data from 79 subjects (40M, 39F, 20-59 y.o.); 55 healthy and 
24 symptomatic were used for creating 1514 FJ surface 3D models. FJSW was 
measured between each pair of opposing surfaces (inferior facet, superior facet) 
using a least-distance algorithm. Facet surface was divided in 5 topographic zones: 
superior, medio-ventral, latero-dorsal, inferior, and central zone. Average FJSW was 
calculated for each zone.  
 
RESULTS: Gender comparison showed greater FJSW in male at all zones (<.0001). The 
FJSW increased significantly (<.0001) as level being lower at each zone for both 
healthy and symptomatic subjects but decreased at L5S1. Overall FJSW was lower in 
symptomatic subjects as compared to asymptomatic subjects. Central zone FJSW was 
larger than that in peripheral zones in all cases (<.0001). FJWS inferior zone was 
narrower at L3L4, L4L5 level and L5S1 (<.0006) compared with superior.  
 
DISCUSSION: Narrowing of FJSW in symptomatic subjects in all age groups suggests 
that facet joint arthritis as measured by FJSW may be an early finding in patients with 
LBP. Narrower FJSW in the peripheral region in this study agrees with the previous 
cadaveric study by Tischer et al. Narrowing of FJSW in the inferior region suggests 
higher load transmission through this region due to 3D curvature of the surface and 
may relate to more frequent contacts in the inferior region during flexion/extension. 
Future study will include changes in contact area in FJ during various motions.  
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P23. DECOMPRESSION ALONE IS EFFECTIVE IN LUMBAR SPINAL STENOSIS WITH OR 
WITHOUT DEGENERATIVE SPONDYLOLISTHESIS, BUT IS LOW BACK PAIN RELIEVED?  
Miyauchi, Akira1; Sumida, Tadayoshi1; Manabe, Hideki1; Kobayashi, Kenji1; Fujiwara, 
Yasushi1; Sumen, Yoshio2 
1Hiroshima City Asa Hospital, Orthopaedic Department, Hiroshima, Japan; 2Onomichi 
General Hospital, Orthopaedic Department, Onomichi, Japan 

 

INTRODUCTION: Whether spinal fusion following decompression for lumbar spinal 
stenosis (LSS) with degenerative spondylolisthesis (DS) is controversial. The purpose 
of this study is to evaluate the effectiveness of decompression alone for LSS with and 
without DS.  
 
METHODS: Seventy-seven patients with LSS, 37 males and 70 females who had 
undergone decompression alone at the L4-5 level and who had more than a 2 year 
follow-up period (mean, 36 months), were divided into 3 groups of 42 patients with 
forward slippage of L4 on L5 in the neutral position (%slip) < 10% (group A), 22 
patients with 10 ≤ %slip < 20 % (group B), and 13 patients with ≥20 %slip (group C). 
Decompression was performed by removing the degenerative ligamentum flavum 
and preserving the facet joints under microscopy. The age at surgery averaged 67.8 
years. The Japanese Orthopaedic Association score (JOA score) was used to evaluate 
the surgical outcomes. For evaluation of low back pain (LBP) alone by LBP score, 
ranging from 0 (continuous severe pain) to 3 (no pain) scale, the patients having 3 
points both before surgery and at follow-up were excluded.  
 
RESULTS: The %slip increased significantly in groups B and C after surgery with an 
average increase rate of 4.0% and 1.7%, respectively. However, the JOA score of each 
group (A-C) was significantly improved (p < 0.01) and the recovery rate (the 
Hirabayashi method) was: mean (SD) = 66.8 (26.3) %, 61.0 (26.7) %, and 64.6 (27.3) %, 
respectively without significant differences between these results. LBP score 
averaged 1.7 before sugery to 2.3 at follow-up in group A (n = 30), 2.0 to 2.3 in B (n = 
20), and 2.1 to 2.4 in C (n = 10), but group B and C had no statistically significant 
improvement (p = 0.08 and 0.3, respectively).  
 
DISCUSSION: Decompression alone preserving the facet joint provides LSS patients 
with DS with satisfactory surgical results. However, by this method, LBP itself may not 
be relieved in the patients with the greater %slip.  
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P24. WHY DO SOME PEOPLE EXPERIENCE NO LOW BACK PAIN? – COMPARISON OF 
A MIDDLE-AGED WORKING POPULATION TO A POPULATION-BASED COHORT  
Melloh, Markus1; Rolli Salathé, Cornelia2; Lüthi, Isabelle2; Semmer, Norbert K2; 
Elfering, Achim2 
1Dunedin School of Medicine, University of Otago, Department of Orthopaedic 
Surgery, Dunedin, New Zealand; 2Institute of Psychology, University of Berne, 
Department of Work and Organizational Psychology, Berne, Switzerland 

 

INTRODUCTION: With the majority of all individuals beyond 50 yrs of age 
experiencing low back pain (LBP) at least once in their lifetime, little is known about 
those persons never having had LBP. To minimize work absenteeism and to decrease 
socio-economic costs, knowledge about persons resilient to the occurrence of LBP 
may help to enhance preventative behavior in personal as well as occupational 
settings.  
 
METHODS: Out of 350 individuals aged between 52 and 68, a group of 41 who never 
had experienced LBP before was assessed for potential factors for never having 
suffered from LBP and completed a questionnaire which had been part of a nation-
wide assessment about LBP. Answers were content-analyzed, questionnaires 
compared to a population-based cohort (n=4,213) using percentile ranks (PR).  
 
RESULTS: Three main categories emerged for reasons why some people did not 
develop LBP: a) Sports and hobbies; b) Movements during activities of daily living and 
in work environments; c) Positive attitudes towards life. Compared to the population-
based group, the group of subjects never having had LBP scored higher for the ability 
to achieve routine movements (PR=65). Also, they less frequently attended 
physicians (PR=13) and had more positive attitudes towards life (PR=87). The group of 
individuals never having suffered from LBP coped better with their job (PR=61) and 
felt treated less unfairly at work (PR=39). For the will to achieve something or the 
determination to work for success, this group was ranked with PR 65.  
 
DISCUSSION: Individuals above 50 yrs of age never having experienced LBP are more 
likely to be physically active during work and daily routine activities. Opinions and 
motivations, such as conscious and careful usage of one’s bodily resources and 
limitations or taking good health not for granted, as well as active and proactive 
health behavior and fair treatment at work, possibly help preventing individuals from 
developing LBP.  
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P25. REGISTER BASED COMPARATIVE STUDY OF LBP ALLEVIATION AFTER TOTAL 
DISC ARTHROPLASTY OR ALIF  
Munting, Everard1; Aghayev, Emin2; Röder, Christoph2; SWISSspine, Registry Group3; 
Spine Tango, Registry Group4 
1Clinique St. Pierre Ottignies, Orthopaedics, Ottignies, Belgium; 2University of Bern, 
Institute for Evaluative Research in Medicine, Bern, Switzerland; 3SGS, Switzerland, 
Switzerland; 4Eurospine, Europe

 

INTRODUCTION: Treatment of degenerative disc disease (DDD) related LBP remains a 
matter of strong debate. Besides conservative treatment there are many surgical 
procedures proposed. No clear answer is yet available as to what procedure is best. 
Register based studies may help to clear the picture. 
 
METHODS: The SWISSspine register (SSR) is mandatory for TDA including, among 
others, a pre- and post-operative surgical and a patient assessment using NASS 
questionnaire. The Spine Tango Register (STR) includes a primary surgical and a pre- 
and post-operative COMI questionnaire. We compared 4 types of TDA in 525 patients 
in the SSR to 49 patients with ALIF and anterior stabilization from the STR. All patients 
had one level surgery and no previous intervention. 
Multiple logistic regression analysis considering demographic and clinical co-variables 
was carried out. 
 
RESULTS: Mean pre- and postop LBP on VAS in TDA patients was 69 and 32, and leg 
pain was 54 and 24, respectively. 10% of the patients worsened and 29% did not 
reach the minimally clinical relevant pain improvement (MCRPI). In ALIF patients 
these figures were 66 and 37 for LBP and 52 and 32 for leg pain. 12% of the patients 
worsened and 35% did not reach the MCRPI. All these differences between disc 
implants and fusion were not significant. 
 
DISCUSSION: This study, involving "daily practice" patients shows that both TDA and 
ALIF yield similar pain alleviation. However, reliable long-term results are only 
available for fusion. Beside eventual adjacent disc degeneration, there is no risk of 
failure at the fused level. For TDA wear, creep, aseptic loosening and late infection 
are severe potential complications whose frequencies will only increase with time. 
This may occur with all mobile prostheses in the long-term. In the absence of proven 
superiority of TDA, the question rises whether these long term risks are acceptable.  
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P26. LOW BACK PAIN AND HEALTH-RELATED QUALITY OF LIFE IN PATIENTS 
SURGICALLY TREATED FOR IDIOPATHIC SCOLIOSIS 21 TO 41 YEARS LATER  
Akazawa, Tsutomu1; Minami, Shohei1; Kotani, Toshiaki1; Nemoto, Tetsuharu1; Koshi, 
Takana1; Inoue, Gen2; Ohtori, Seiji2; Takahashi, Kazuhisa2 
1Seirei Sakura Citizen Hospital, Department of Orthopedic Surgery, Sakura, Japan; 
2Graduate School of Medicine, Chiba University, Department of Orthopedic Surgery, 
Chiba, Japan 

 

INTRODUCTION: Several studies have reported on clinical outcomes in patients 
surgically treated for idiopathic scoliosis who have reached their 20s or 30s. However, 
long-term clinical outcomes when patients reach middle age remain unclear. The 
purposes of this study were to determine the clinical outcome for patients surgically 
treated for idiopathic scoliosis who have reached middle age and compare them to 
the age- and sex-matched healthy controls.  
 
METHODS: The survey subjects were 303 patients who were diagnosed with 
idiopathic scoliosis (IS) and underwent surgery between 1968 and 1988. The Roland-
Morris Disability Questionnaire (RDQ) and Scoliosis Research Society Patient 
Questionnaire-22 (SRS-22) were used for evaluating low back pain and health-related 
quality of life. Eighty (26.4%) of the 303 patients answered the questionnaires, 
comprising 73 females and 7 males with a mean age of 47.4 (range 34-65) years and a 
mean follow-up period of 31.3 (range 21-41) years. Eighty healthy individuals were 
selected as a control (CTR) group, comprising 73 females and 7 males with a mean 
age of 46.7 (range 35-62) years.  
 
RESULTS: The RDQ responses showed that low back pain was not significantly 
increased in the IS group compared with the CTR group (IS: 2.4+/-4.0, CTR: 1.4+/-3.1, 
p=0.055). The SRS-22 responses showed that the IS patients had significantly 
decreased function (IS: 4.2+/-0.7, CTR: 4.7+/-0.5, p<0.0001) and decreased self-image 
(IS: 2.9+/-0.8, CTR: 3.7+/-0.5, p<0.0001) in comparison with the controls, but they 
identified no significant differences between the two groups with respect to pain (IS: 
4.3+/-0.6, CTR: 4.2+/-0.5, p=0.31) or mental health (IS: 3.8+/-0.9, CTR: 3.7+/-0.7, 
p=0.27).  
 
DISCUSSION: Surgery had no demonstrable adverse effects on low back pain and 
mental health in these middle age IS patients 21 to 41 years later, but the IS patients 
did have significantly lower function and lower self-image than the age- and sex-
matched healthy controls.  
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P27.  THE PREVALENCE AND CLINICAL FEATURES OF JUXTAFACET CYSTS AFTER 
MICROSURGICAL BILATERAL DECOMPRESSION VIA A UNILATERAL APPROACH FOR 
DEGENERATIVE LUMBAR DISEASE (MBDU)  
Kato, Minori1; Konishi, Sadahiko1; Date, Yuko1; Shinohara, Yoshikazu1; Kazuki, 
Kenichi1; Nakamura, Hiroaki2 
1Osaka City General Hospital, Orthopaedic Surgery, Osaka, Japan; 2Osaka City 
University Graduate School of Medicine, Orthopaedic Surgery, Osaka, Japan 

 

INTRODUCTION: Recently, good clinical outcome of a minimally invasive surgical 
technique for lumbar spine, including microsurgical bilateral decompression via a 
unilateral approach (MBDU) has been widely recognized. Although many cases of 
primary juxtafacet cysts in the lumbar spine have been reported, there have been no 
reports of postoperative juxtafacet cysts after MBDU. The purpose of this study was 
to evaluate the prevalence and clinical features of postoperative juxtafacet cysts after 
MBDU.  
 
METHODS: A total of 250 consecutive patients who had undergone MBDU for 
degenerative lumbar disease were included in this study. The preoperative diagnoses 
were lumbar spinal stenosis in 174 patients, degenerative lumbar spondylolisthesis in 
32 patients, and degenerative lumbar scoliosis in 44 patients. We investigated the 
prevalence and clinical features of postoperative juxtafacet cysts, evaluated MRI 
findings obtained 3 months and 1 year after the operation, and tried to identify the 
factors associated with the causes of cyst development.  
 
RESULTS: Postoperative juxtafacet cysts developed in 26 patients (10%) 3 months 
after surgery. Among these, 11 cysts induced some clinical symptoms. Patients who 
showed symptoms were treated with nerve root block, and the symptoms 
disappeared in 8 patients. One patient underwent re-operation (re-decompression 
and posterior fusion). Postoperative juxtafacet cysts developed in 21 patients (8.8%) 
1 year after surgery. De novo cysts developed in 7 patients, and 3 of these had some 
symptom. These 3 patients received conservative treatment and were free of 
symptoms after a few months. Presences of segmental spinal scoliosis and wedging 
of disc before surgery were related to the development of the cysts, and instability 
did not affect the development of the cysts.  
 
DISCUSSION: Postoperative juxtafacet cysts should be recognized as one cause of the 
postoperative symptom deterioration in the case operated with MBDU.  
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P28. THE EFFECT OF MOTOR CONTROL EXERCISE VERSUS GRADED ACTIVITY IN 
PATIENTS WITH CHRONIC NONSPECIFIC LOW BACK PAIN: IMMEDIATE AFTER-
TREATMENT RESULTS FROM A RANDOMISED CONTROLLED TRIAL 
(ACTRN12607000432415)  
Macedo, Luciana1; Latimer, Jane2; Maher, Chris2; Hodges, Paul3; Nicholas, Michael4; 
Tonkin, Louis4; McAuley, James5; Stafford, Ryan3 
1The University of Alberta / The George Institute for International Health, Edmonton, 
Canada; 2The George Institute for Global Health, Sydney, Australia; 3The University of 
Queensland, Brisbane, Australia; 4Royal North Shore Hospital, Sydney, Australia; 
5Neuroscience Research Australia, Sydney, Australia 

 

INTRODUCTION: Exercise therapy is endorsed as an effective treatment in chronic 
low back pain clinical guidelines, however, there is considerable debate with regards 
to which is the best exercise therapy for this condition. The objectives of this study 
were to compare the effectiveness of two promising forms of exercise, motor control 
and graded activity for patients with chronic non-specific low back pain. 
 
METHODS: One hundred and seventy two patients with chronic (>12 weeks) non-
specific low back pain were randomised to receive either motor control exercise or 
graded activity. Patients in both groups received 14 sessions of exercise therapy. 
Outcomes of pain (NRS 0 to 10), function (PSFS 0 to 10), disability (RMDQ 0 to 24), 
global impression of change (GPE -5 to 5) and quality of life (SF36 Physical 
Component ( 1.1 to 78.7) and Mental Component (-5.6 to 81.8)) were collected 
immediately after treatment and at 6 and 12 months and analysed with linear mixed 
models. 
 
RESULTS: The analyses showed no statistically significant differences between groups 
for the primary outcomes of pain -0.01 point, (95% CI -0.9 to 0.9) and function 0.2 
point, (95% CI -0.5 to 0.9). Secondary outcomes were also not statistically significantly 
different between groups for global impression of change -0.1 points (95% CI -1.0 to 
0.8), disability -0.7 points (95% CI -2.2 to 0.8) quality of life physical -0.2 points (95% 
CI -3.1 to 2.7) and quality of life mental 2.1 points (95% CI -1.0 to 5.3). Medium and 
long term outcomes are still being collected and results will be presented at the 
conference. 
 
DISCUSSION: The results of this study suggest that in the short term motor control 
and graded activity have similar effects for patients with chronic non-specific low 
back pain. The estimates of treatment effect were very precise and exclude clinically 
important differences.  
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P29. ARE PATTERNS OF LUMBAR DISC DEGENERATION ASSOCIATED WITH LOW 
BACK PAIN? NEW INSIGHTS BASED ON SKIPPED LEVEL DISC PATHOLOGY  
Samartzis, Dino1; Karppinen, Jaro2; Luk, Keith;1 Cheung, Kenneth1; 
1University of Hong Kong, Orthopaedics & Traumatology, Pokfulam, Hong Kong; 
2University of Oulu, Physical Medicine and Rehabilitation, Oulu, Finland 

 

INTRODUCTION: The occurrence of SLDD of the lumbar spine has recently been 
noted. To date, patterns of disc degeneration have been overlooked in the 
association with LBP. The objective of this study was to evaluate the clinical relevance 
of skipped level disc degeneration (SLDD) to that of contiguous, multilevel lumbar 
disc degeneration (CMDD) of the lumbar spine. Secondly, the study aimed to identify 
patterns of SLDD, their classification, prevalence, and clinical relevance.  
 
METHODS: A population-based radiographic and clinical study of 3,099 Southern 
Chinese. Individuals with multilevel lumbar disc degeneration of the lumbar spine on 
sagittal T2-weighted MRI (N=1,457) were stratified to SLDD (n=301; 20.7%) or CMDD 
(n=1,156; 79.3%) groups. SLDD was further classified into five types by the relative 
location of non-degenerated normal disc(s) to degenerated disc levels. Subject 
demographics, presence of LBP, pain intensity and functional disability were 
assessed.  
 
RESULTS: CMDD increased the likelihood of historical LBP (OR: 1.39; 95% CI: 1.00-
1.93; p=0.047) and pain severity (OR: 1.83; 95% CI: 1.23-2.73; p=0.003) in comparison 
to SLDD. A significant increasing trend of number of levels with disc degeneration, 
overall disc degeneration severity, and presence of disc bulges/extrusions was noted 
from SLDD Type I (least severe) to SLDD Type V (most severe) (p<0.05). A higher 
prevalence of LBP and a higher pain intensity was observed in SLDD classification 
Type V. Functional disability scores did not differ between CMDD and SLDD nor within 
SLDD classification-types (p>0.05).  
 
DISCUSSION: Our large-scale study is the first to describe novel variants of SLDD-
types and their clinical relevance. LBP and severity of pain was more pronounced in 
individuals with CMDD. Subjects with similar degree but with different patterns of 
multilevel disc degeneration do differ with respect to low back symptoms. This 
finding may provide new evidence with regards to the mechanism of LBP.  

  



ORAL PRESENTATIONS  

 

 
P30.  SHAPE VARIATION OF THE NEURAL ARCH IN THE THORACIC AND LUMBAR 
SPINE: CHARACTERIZATION OF ITS ASYMMETRY AND RELATIONSHIP WITH THE 
VERTEBRAL BODY  
Masharawi, Youssef1; Salame, Khalil2 
1Tel Aviv University, Physiotherapy, Sackler Faculty of Medicine, Tel Aviv Jaffa, Israel; 
2Tel Aviv Souraski Medical Center, Neurosurgey, Tel Aviv, Israel 

 

INTRODUCTION: Establishing an accurate data base quantifying the vertebral 
geometry along the human spine is important for clinical and surgical procedures. 
This study aimed to characterize the shape variation and asymmetry of the neural 
arch (NA) at T1-L5 and its relationship with the vertebral body (VB) shape. 
 
MATERIALS AND METHODS: All T1–L5 dissected vertebrae (N= 4080) of 240 
individuals (Hamman Todd Collection, Cleveland) were measured and analyzed by 
age, gender, and ethnicity. A 3D digitizer was used to measure the spinous process 
(SP) length and thickness, transverse process (TP) length, vertebral canal (VC) length 
and width, and laminar and isthmus lengths. These parameters were compared with 
the VB and articular facets shape as indicated in our previous studies. Statistics: 
paired t tests, ANOVA, PCA, Pearson's correlations. Bonferoni: p<0.00294. 
 
RESULTS: NA dimensions were mostly independent of age and ethnicity yet greater in 
males than in females. Asymmetry: Left TP's length > right TP's, right lamina and 
isthmus lengths > left. Shape variation: VC is oval-shape at T1 and T11 to L5 (width > 
length), rounded-shape at T2, T10 and inverted oval-shape at T3-T9 (length > width). 
Laminar length decreases from T1 to T5, increases at T11-L1, and invariable at L1-L5. 
Isthmus length increases at T1-T12 and decreases at L1-L5. SP is thin-rectangular 
blade-shaped at T1-T12 and rectangular at L1-L5. TP length decreases at T1-T12 and 
increases at L1-L5. Relationship with VB: VC dimension remains constant at L1-L5 
while VB size increases at T1-L5. TP and SP lengths decrease at T1-T12 while VB 
length increases. Facet lengths remain almost similar yet VB length increases at T1-
L5. 
 
CONCLUSIONS: The NA is systematically asymmetrical and dynamic in shape at T1-L5. 
Most of its parts are independent of age and ethnicity and reversely related to the VB 
shape variation along the thoracic and lumbar spine.  
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P31. A VALIDATED NEW SPINE SURGERY SPECIFIC MORBIDITY SCORE TO PREDICT 
POSTOPERATIVE MORBIDITY AND MORTALITY IN ELECTIVE SPINE SURGERY  
Manu, Abhishek; Shetty, Ajoy Prasad; Shanmughanathan, Rajasekaran; Kanna, Rishi 
Mugesh 
Ganga Medical Center and Hospitals, Orthopaedics and Spine Surgery, Coimbatore, 
India 

 

INTRODUCTION: There are several comorbidity indices but none specific to spine 
surgery. We aimed to formulate a scoring system specific to spine surgery by 
assigning specific weightage to various preoperative comorbidities in a prospective 
analysis. The usefulness of Charlson's comorbidity index (CCI) in spine surgery setting 
was also studied.  
 
MATERIAL AND METHODS: The mortality, morbidity (major and minor) and pre-
operative comorbidities were prospectively documented in 665 elective spine 
surgeries. Pre-operative comorbidities, ambulatory status, American Society of 
Anesthesiologists (ASA) class, CCI, body mass index (BMI), surgical approach, duration 
of surgery, levels of instrumentation and intra-operative blood loss were evaluated. 
Risk stratification weightage for each comorbidity was done and a morbidity score 
developed. The derived score was further validated prospectively in 118 patients.  
 
RESULTS: There were three deaths, 34 major morbidities and 136 minor morbidities. 
Surgical factors [> 3 levels of instrumentation, > 500 ml blood loss, duration of 
surgery >3 hours], ASA >2 and age >50 were found to be significant predictors of 
postoperative morbidity, CCI was not observed to be a sensitive predictor. Risk 
stratification was performed and a score with a maximum of twenty points was 
developed. A receiver-operating characteristic curve constructed showed that the 
area under the curve for our score was better (0.963 ± 0.0166SE) than the CCI score 
(0.765 (± 0.0798SE) indicating better predictability of morbidity. Our score had also 
better sensitivity (100% vs 87.5%), specificity (92.66% vs 70.64%), positive predictive 
value (50% and 17.9%) and negative predictive value (100% and 98.7%) than CCI 
score. Compared to patients with score ≤ 9, risk of complications increased by 79 for 
a score of 10-12 and by 119 for a score ≥13.  
 
DISCUSSION: The scoring system has filled the need for a spine specific score. 
Multicenter prospective trials will further validate its use.  
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P32. SURGEON AND PATIENT PRE-OPERATIVE EXPECTATIONS OF SURGICAL 
OUTCOME DIFFER, BUT WHOSE PREDICTION IS CLOSER TO THE REALITY?  
Lattig, Friederike; Fekete, Tamás F; Grob, Dieter; O'Riordan, David; Kleinstueck, Frank 
S; Jeszenszky, Dezsoe; Mutter, Urs; Porchet, François; Mannion, Anne F.  Spine Center, 
Schulthess Klinik, Zürich, Switzerland

 

INTRODUCTION: We previously reported a low level of agreement in the pre-
operative expectations of spinal surgery declared by the patient and surgeon. This 
prospective study compares the expectations of both, in relation to the actual status 
reported 3 months postoperatively.  
 
METHODS: 224 patients (92m, 132f; mean age 62y SD15 (range, 15-90y)) scheduled 
for spinal surgery (mostly for degenerative diseases) and their treating surgeons 
(N=7) took part. Following the pre-operative informed consent, the patient and 
surgeon independently completed a questionnaire enquiring about realistic 
expectations regarding pain and function at 3 months followup (FU). Preoperatively 
and at 3mo FU, patients completed the Core Outcome Measures Index documenting 
their actual pain and function.  
 
RESULTS: On average, the patients expected a significantly lower (p<0.05) level of 
back pain (2.2 SD1.9) than did the surgeons (3.1 SD1.9) or than was the reality at 3 
months FU (3.0 SD2.4). Surgeons' ratings did not differ significantly from the reality. 
Patients also significantly underestimated (p<0.05) their likely difficulties with 
function at 3mo (1.9 SD2.1) compared with both the surgeons (3.2 SD1.8) and the 
reality (4.7 SD3.1); however the surgeons' expectations were also overly-optimistic 
here (p<0.05). There were differences between the surgeons in the accuracy of their 
predictions of both pain and function.  
 
DISCUSSION: The findings demonstrate the disagreement between patients and their 
surgeons regarding their respective expectations of surgery. Overall, for back pain but 
not function, the expectations of the surgeons were more realistic than those of the 
patients. Surgeons should reappraise their estimates of the patient's likely function in 
the short-term after surgery and methods should be sought to improve the manner in 
which realistic expectations are conveyed to the patient.  
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P33. EFFECT OF SMOKING AND SMOKING CESSATION ON SPINE CARE  
Behrend, Caleb1; Prasarn, Mark1; Coyne, Ellen2; Horodyski, MaryBeth3; Wright, John1; 
Rechtine, Glenn1 
1University of Rochester, Orthopedic Surgery, Rochester, US; 2, Rochester, US; 
3University of Florida, Department of Orthopaedics, Gainesville, US 

 

INTRODUCTION: Smoking has been associated with poorer outcomes following 
treatment, both surgical and nonsurgical. In this study we examined the relationship 
between patient smoking status, smoking cessation, and reported pain and disability 
at discharge from the treating surgeon’s care. Secondary gain factors are also 
examined.  
 
METHODS: A prospectively maintained database of 5333 records was examined for 
smoking history, secondary gain, Oswestry Disability Index (ODI), and reported pain 
on visual analog scales (VAS) at the time of entry into care and the final discharge. 
This included 2925 females age 49.6 (48.6-50.6) and 2408 males 48.5 (47.6-49.3). 
Mean follow up was eight months, range (1-42). Multivariate statistical analysis was 
performed using SPSS® 19.  
 
RESULTS: Mean visual analog 
(VAS) ratings with 95 % confidence 
intervals for the worst pain 
reported for patients who never 
smoked was 6.32 (6.17 to 6.46), 
prior smokers 6.67 (6.47 to 6.86), 
current smokers 7.63 (7.43 to 
7.84), and those who quit 6.88 
(6.49 to 7.27). Smokers had 
greater pain then those who had 
never smoked in all VAS pain 
ratings. Improvement on VAS 
ratings over the course of 
treatment was greater for non-
smokers then current smokers 
(p<05). Those who quit showed 
more improvement in pain VAS ratings than smokers (p<.05) see Figure 1.  
 
ODI at follow up differed for those who had never smoked 31.7 (30.9 to 32.6), prior 
smokers 35.0 (33.9 to 36.1), and current smokers 40.4 (39.2 to 41.5). Greater ODI 
improvement was observed in those who had never smoked -7.3 (-8.1 to -6.5) 
compared with current smokers -4.6 (-5.6 to -3.6). (cont’d) 
 



ORAL PRESENTATIONS  

 

 
DISCUSSION: At entry to care and discharge from care smokers reported more pain 
than nonsmokers. Smoking cessation previously or acutely during the course of 
treatment was related to a greater improvement in reported pain. Smoking is related 
to greater reported disability and less improvement in disability for current smokers 
compared with those who have never smoked.  
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P34. JOB STRAIN, AN IMPORTANT FACTOR FOR BACK AND NECK PAIN  
Courvoisier, Delphine; Genevay, Stephane; Cedraschi, Christine; Bessire, Nadia; 
Griesser-Delacretaz, Anne-Claude; Monnin, Dominique; Perneger, Thomas V. 
University Hospitals of Geneva, Geneva, Switzerland 

 

INTRODUCTION: At the workplace, back and neck pain have been related to physical 
factors (e.g. carrying load, night shifts) and psychological factors (e.g. psychological 
demand, coworkers support, and decision latitude), however the respective 
importance of these factors remains controversial and there is little information on 
the importance of "job strain".  
 
METHODS: To explore the influence of "job strain" on back and neck pain, 2700 out 
of 10600 employees of a Swiss hospital were randomly selected after stratification by 
work categories (medical doctors, nurses, nurse assistants, technical staff, 
administrative staff, and other health professionals), to receive a survey at their 
home address. 1298 responded to a questionnaire evaluating workplace 
characteristics (working on a computer, carrying loads, handling of patients, positions 
maintained for a long time, poorly adapted work station, pushing or pulling loads, 
night work, working more than 8 hours per work day), job strain (job content 
questionnaire), the occurrence of back and neck pain and the characteristics and 
consequences of this pain.  
 
RESULTS: The concept of job strain as a composite result of psychological demand, 
physical demand and decision latitude was found to have the strongest association 
with all measures of back and neck pain. These associations remained strong after 
adjustment for work characteristics and work categories. For example, between the 
highest and the lowest category of strain, prevalence of chronic back pain varied from 
24.2 to 45.0 %, at least 1 day of sickness leave because of back pain during the 
previous year from 3.0 to 21.3%, seeking medical care from 5.2 to 33.3%, all p<0.001.  
 
DISCUSSION: "Job strain" was highly associated with both the prevalence and the 
consequences of back pain. The results of this study suggest that when planning 
workplace intervention several dimensions (summarized as job strain) should be 
taken into account in order to increase their efficacy.  

  



ORAL PRESENTATIONS  

 

 
P35.  ASSOCIATION OF THE TAG SNPs IN THE HUMAN SKT GENE WITH LUMBAR DISC 
HERNIATION  
Karasugi, Tatsuki1; Semba, Kei2; Kawaguchi, Yoshiharu3; Chiba, Kazuhiro4; Mikami, 
Yasuo5; Togawa, Daisuke6; Kanayama, Masahiko6; Karppinen, Jaro7; Kimura, 
Tomoatsu3; Kubo, Toshikazu5; Toyama, Yoshiaki4; Mizuta, Hiroshi8; Shiro, Ikegawa1 
1Laboratory of Bone and Joint Disease, Center for Genomic Medicine, RIKEN, Tokyo, 
Japan; 2Kumamoto University, Department of Orthopaedic and Neuro-
Musculoskeletal Surgery, Kumamoto, Japan; 3Toyama University, Department of 
Orthopaedic Surgery, Toyama, Japan; 4Keio University, Department of Orthopaedic 
Surgery, Tokyo, Japan; 5Kyoto Prefectural University, Department of Orthopaedic 
Surgery, Kyoto, Japan; 6Spine Center, Hakodate Central General Hospital, Hakodate, 
Japan; 7Oulu University, Institute of Clinical Sciences, Finnish Institute of Occupational 
Health, Oulu, Finland; 8Kumamoto University, Department of Orthopaedic Surgery, 
Kumamoto, Japan 

 

INTRODUCTION: Lumbar disc herniation (LDH) is a major cause of low back pain and 
unilateral leg pain. Although the etiology is unknown, it has been suggested that a 
genetic factor contributes to the development of LDH. Sickle tail (Skt) protein shows 
specific expression in mice nucleus pulposus (NP) cells. SktGt mice were established 
through a gene-trap mutagenesis in embryonic stem cells. Skt homozygosus mutant 
mice showed late-onset intervertebral disc abnormalities. The purpose of this study 
was to evaluate whether the human SKT gene was involved in the etiology of LDH. A 
case-control association study was performed in Japanese and Finnish populations.  
 
MATERIALS AND METHODS: On the basis of information in the International HapMap 
Project database, we selected SNPs with minor allele frequencies of >10%. Sixty-eight 
tag SNPs were selected. We recruited 525 cases and 564 controls for the first screen 
and 337 cases and 332 controls for the replication study. The diagnosis of LDH 
required, (1) positive MRI findings for LDH; (2) treatment and monitoring for >1 year 
by orthopedic surgeons; and (3) a history of unilateral leg pain for a period >3 
months. The Finnish population consisted of 257 patients and 249 controls.  
 
RESULTS: Three SNPs were significantly associated with LDH. The SNP rs16924573 
showed the most significant association with LDH (p = 0.0015). The association was 
replicated in a Finnish case-control population (p = 0.026). The combined p value of 
the two population by meta-analysis is 0.00040 (OR, 1.34; 95% CI, 1.14–1.58).  
 
DISCUSSION: Our data indicate that SKT is involved in the etiology of LDH. SKT 
contains a proline-rich region and a coiled-coil domain. It is possible that impaired 
SKT may not be capable of forming cytoskeleton complexes or interacting with other 
proteins. Such malfunctions of SKT could lead to LDH through NP dysfunction.  
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P36. EXPERIMENTAL DISC DEGENERATION IS ASSOCIATED WITH A DECREASED 
ABILITY TO RESIST ANULAR DELAMINATION  
Gregory, Diane E.1; Brown, Stephen H.M.2; Bae, Won C.3; Sah, Robert L.4; Masuda, 
Koichi1 
1University of California San Diego, Department of Orthopaedic Surgery, La Jolla, US; 
2University of Guelph, Department of Human Health and Nutritional Sciences, Guelph, 
Canada; 3University of California San Diego, Department of Radiology, San Diego, US; 
4University of California San Diego, Department of Bioengineering, La Jolla, US

 

INTRODUCTION: Disc degeneration has been characterized by changes in 
compositional, structural, and functional changes to the whole intervertebral disc 
(IVD). However, investigations of altered mechanics of the anulus fibrosus (AF) are 
relatively few, especially in degenerated discs. Identifying anular changes associated 
with degeneration can both help establish the pathogenesis of the disease as well as 
to develop effective treatments.  
 
METHODS: Eight New Zealand white rabbits underwent spinal surgery; an additional 
four served as age-matched control animals (total=12) and were sacrificed at the 
start of the study. Disc degeneration was induced in two IVDs (L2/3 and L4/5) via 
anular puncture (into the nucleus pulposus (NP)) with an 18G needle, which was 
confirmed via MR changes in the NP. Four rabbits were sacrificed at one and three 
month post-puncture. AF samples from the following sample groups were analyzed: 
(1) non-punctured discs of control rabbits, and both (2) non-punctured and (3) 
punctured discs from operated rabbits. Using MRI, T2 maps were obtained 
immediately post-mortem. Peel tests in a 180° "T" configuration were conducted on 
multi-layered AF to assess the strength of the AF and in particular, it’s resistance to 
delamination. 
 
RESULTS: Anular samples from punctured discs had peel strengths of 0.62±0.16 
N/mm, which was 26% lower than the values from the non-punctured discs from the 
same operated rabbits (p=0.01; Fig.A), and 30% lower than the values from the non-
punctured discs of the control rabbits (p=0.02; not shown in Fig.A). T2 values of the 
NP, normalized to L3/4, were also lower in the punctured discs (p=0.002; Fig.B) as 
compared to non-punctured discs from the same animal. (cont’d) 
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DISCUSSION: The diminished peel strength of the anulus during experimental disc 
degeneration suggests that it is at risk for progressive delamination. Such 
deterioration of the AF may be important to consider and also target in treatments of 
the IVD.  
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P37. HIGH RESOLUTION 3D MRI TO QUANTIFY HUMAN DISC TEAR GEOMETRY AND 
LOCATION  
Yoder, Jonathan Y1; Moon, Sung M1; Wright, Alex C1; Vresilovic, Edward J2; Elliott, 
Dawn M1 
1University of Pennsylvania, Philadelphia, US; 2Penn State University, Hershey, US 

 

INTRODUCTION: Histologic and gross section studies show a high incidence of 
annulus fibrosus (AF) tears and a recent multi-section study demonstrated complex 
3D tear geometry. However, quantitative evaluation of the human 3D AF tear has not 
been described. The objective of this study was to non-invasively identify AF tears 
using a high-resolution magnetic resonance imaging (MRI) technique and to quantify 
tear volume, length, orientation, and location in the disc.  
 
METHODS: Fresh frozen lumbar human spine segments (age 42-78, n=8) were 
imaged on a 7T Siemens whole-body MRI scanner using a custom-made 
transmit/receive RF coil. A T2-weighted 3D turbo spin echo pulse sequence was used 
(TE/TR = 100/1000 ms), producing 120 μm isotropic voxel resolution. The volume and 
path length of tears was quantified by segmenting the tear in each sagittal slice 
through the disc volume.  
 
RESULTS: Tears were present in all lumbar levels evaluated. A representative tear 
image for an (A) radial, (B) perinuclear, and (C) circumferential tear is shown in Fig, 
with a 3D fusion volume rendering of the tear shown in the right column. Note that 
even for these "classic" tear categories, the radial tear has additional tear offshoots in 
perinuclear and circumferential orientations (Fig 1A). In perinuclear tears, the NP 
clefting extended outwards into radial tears (Fig 1B). Tear geometry had large 
variation across the eight discs studied: volume ranged from less than 1 mm3 to 200 
mm3, path length ranged from 3 mm to over 80 mm. (cont’d) 
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DISCUSSION: This study demonstrated a non-invasive technique for 3D visualization, 
measurement, and the ability to precisely locate tear orientation within a disc. The 
ability to quantify AF tears without disrupting the disc is a critical step toward 
determining the initiation and propagation of tears.  
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P38. DIFFERENTIAL STRUCTURE-FUNCTION MECHANISMS OF THE INNER AND 
OUTER ANNULUS FIBROSUS IN TENSION  
Han, Woojin; Nerurkar, Nandan L; Jacobs, Nathan T; Smith, Lachlan J; Mauck, Robert 
L; Elliott, Dawn M 
University of Pennsylvania, Philadelphia, US

 

 INTRODUCTION: The annulus fibrosus (AF) is a fibrocartilage primarily containing 
proteoglycan and collagen; in general, collagen supports tension and proteoglycan 
supports compression. Yet the role of GAG in AF tensile mechanics is unclear. 
Elucidating AF structure-function relationships is essential for understanding normal 
tissue function and the consequences of degeneration. The goal of this study was to 
determine the effect of GAG depletion on OAF and IAF tensile properties.  
 
METHODS: Circumferentially oriented OAF and IAF samples were prepared from 
bovine caudal discs. Samples were held at 37C for 6 hr for the following groups: Tris 
buffer, ChABC chondroitinase ABC in Tris buffer, 0.15M PBS, and 2M PBS. Fresh 
samples were analyzed. Mechanical testing consisted of a ramp to failure at 0.1% 
strain/sec and GAG content was measured using DMMB.  
 
RESULTS: GAG content (Fig A,B) in Fresh OAF was three-fold lower than IAF, and was 
not significantly altered by any treatment. GAG content in the IAF decreased with 
ChABC and 2M PBS. For the OAF: the modulus (Fig C,D) of Fresh was reduced 3X 
following incubation in Tris, 0.15M PBS, and ChABC. Incubation in 2M PBS did not 
alter OAF. For IAF: modulus was significantly increased with ChABC and 2M PBS, but 
was not altered with Tris or 0.15M PBS.  
 
DISCUSSION: The responses to ChABC were unexpected. The increased IAF modulus 
with ChABC is similar to that observed for cartilage, which also has a high GAG 
content. A possible mechanism for IAF is a weakened non-fibrillar matrix with GAG 
removal that enhances collagen fiber recruitment. A possible mechanism for the OAF 
decreased modulus with ChABC and buffer is swelling that may increase distance 
between fibrils, altering shear transfer between fibrils in tension. The maintenance of 
OAF modulus in 2M PBS, in the absence of swelling, supports this notion. Additional 
study on tissue structure-function mechanisms will help elucidating normal function 
and degeneration. (cont’d) 
 

 

 

 



ORAL PRESENTATIONS  

 

 

 

  



ORAL PRESENTATIONS  

 

 
P39. PREDICTION OF OUTCOME AFTER SURGERY FOR LUMBAR DISC HERNIATION IN 
SWEDEN - ANALYSIS OF DATA FROM SWESPINE - THE NATIONAL SPINE REGISTER  
Fritzell, Peter1; Strömquist, Björn2; Jönsson, Bo2; Hägg, Olle3 
1Falun hospital, orthopaedic department, Falun, Sweden; 2Lund University hospital, 
orthopaedic department, Lund, Sweden; 3Global Health Partner, Göteborg Spine 
Center, Gothenburg, Sweden 

 

INTRODUCTION: In Sweden, 35% of all spinal surgical procedures are performed for 
lumbar disc herniation (LDH). Swespine is a national spine register with 90% of all 
departments reporting approximately 80% of all surgically treated patients annually. 
These numbers make it possible to analyse different variables for possible predictive 
value of outcome after surgery.  
 
METHODS: We analysed one-year results after LDH surgery and performed logistic 
regression analyses with the following base-line variables: age, gender, smoking, 
preoperative duration of pain, surgical technique, private or community hospital, 
private or non-private patients, and annual volume at the operating department.  
 
RESULTS: From start till 2008 a total of 9245 patients operated for lumbar disc 
herniation were registered. The most important one-year findings were: preoperative 
duration of leg pain exceeding three months predicted poorer outcome, departments 
that perform fewer procedures (<20 per year) had less favourable outcomes, and 
smoking was a negative outcome predictor; www.4s.nu (“Annual report 2008”). 
When all variables were analysed using multivariance regression analyses, the only 
variable associated with poor outcome was preoperative leg pain exceeding 3 months 
(OR 1.7, CI 95% 1.2-2.3).  
 
DISCUSSION: The use of national register data for quality assessment and 
improvement of health care is a priority today. In a recent report, Sweden is viewed 
as a model provider of relatively cost-effective healthcare services due to careful use 
of outcome results from national quality registers (“From Concept to Reality – Putting 
Value-based Health Care into Practice in Sweden”, BCG November 2010). Based on 
information from one of these registers, Swespine, we recommend creation of 
logistic pathways to select the right LDH-patient for surgery within a three-month 
timeframe. Considering the high number of patients analysed and the presumably 
high external validity, our findings should be in line with EBM  
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P40. EXPLAINED VARIANCE IN LEG PAIN 1 YEAR AFTER LUMBAR DISC HERNIATION  
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INTRODUCTION: Why do some people develop chronic pain following an acute event 
while the majority do not? In animal studies and human twin studies, common 
genetic polymorphisms contribute 40-50% of the inter-individual variation in the 
sensitivity to multiple types of pain. To assess the potential role of genetics in 
persistent sciatica, we evaluated the amount of leg pain at one year left unexplained 
by clinical, sociodemographic, and treatment variables in the 1244 patients in the 
SPORT disc herniation cohort.  
 
METHODS: We used a mixed-effects longitudinal regression model including a 
random individual effect. Characteristics for predicting 1-year leg pain score were 
selected from 44 covariates including the treatment indicator. Stepwise regression 
analysis was performed with p < 0.1 for variable entry and p < 0.05 for variable 
retention. The proportion of the total residual variance that might be explained by 
patient characteristics not measured in SPORT was determined by the ratio of the 
estimated variance of the random individual effect to the total residual variance.  
 
RESULTS: The predictors retained in the final model were baseline sciatica severity, 
education, litigation status, work status, herniation level, smoking, depression, other 
comorbidities, epidural injections, physical therapy, duration of symptoms, and 
treatment received (surgery versus non-operative). The estimated variance of the 
random individual effect was 1.13, the total residual variance was 1.79, and the 
corresponding intraclass correlation was 0.404.  
Conclusions: In this longitudinal regression model using a broad set of covariates, 
40% of the total residual variance in persistent leg pain was attributable to 
unidentified individual factors potentially including genotype. These results are 
consistent with data suggesting that 40-50% of persistent pain may be genetically 
determined and supports studies to evaluate the genetic influences on pain in 
patients with sciatica.  
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P41. BLOCKING NF-kB ACTIVATION DELAYS THE ONSET OF AGE-DEPENDENT SPINAL 
DEGENERATION  
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INTRODUCTION: NF-kB is a family of transcription factors activated in response to 
cellular stress which plays a pivotal role in mediating many age-related degenerative 
diseases. DNA repair deficient (Errc1-/d) mice exhibit an accelerated aging spine 
phenotype, including kyphosis, vertebral osteoporosis, loss of disc proteoglycans and 
height. Because NF-kB activity is upregulated in aged discs, we hypothesized that 
blocking NF-kB activation would slow the onset of age-dependent degenerative 
changes in the spines of Errc1-/d mice.  
 
METHODS: Sibling pairs of Errc1-/d mice were treated with 8K-NBD or 8K-mNBD (10 
mg/kg 3x/week intraperitoneally) starting at 5 weeks of age before they were 
symptomatic and continued until 19 weeks of age. 8K-NBD, a synthetic octalysine 
peptide transduction domain fused to the NEMO binding domain (NBD) of IkB kinase 
(IKK) β, blocks NF-kB activation by IKK. 8K-mNBD is a mutant peptide control that 
does not block IKK mediated activation of NF-kB.  
 
RESULTS: Onset of kyphosis was delayed (13 wks in 8K-NBD vs. 12 wks in 8K-mNBD 
treated mice). Micro-computerized tomography revealed higher vertebral bone 
density in 8K-NBD (757+25 mg HA/ccm) than 8K-mNBD (710+48 mg HA/ccm) treated 
mice. Discs of 8K-NBD treated mice showed greater proteoglycan content (safranin O 
histologic staining) and higher proteoglycan synthesis (35S-sulfate incorporation) 
than those in 8K-mNBD treated animals.  
 
DISCUSSION: The 8K-NBD peptide has been shown to be efficacious in animal models 
of inflammatory bowel disease, muscular dystrophy, and arthritis. Here we showed 
that treatment of an accelerated aging animal model with the same therapeutic 
peptide delayed the onset of kyphosis, reduced vertebral osteoporosis, and 
decreased disc proteoglycan loss. These findings suggest that NF-kB plays a vital role 
in the development of age-dependent spinal degeneration and represents a 
potentially important therapeutic target.  
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P42. UTE MRI OF LUMBAR SPINE ENDPLATE: SENSITIVITY TO SURFACE ROUGHNESS  
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INTRODUCTION: The cartilaginous endplate (CEP) forms an interface between the 
avascular disc and vertebral body and plays an important role in disc homeostasis. 
Calcification of the CEP hinders nutrient transport, possibly leading to disc 
degeneration. The ultrashort time-to-echo (UTE) MRI technique has been used to 
image the CEP and compared to disc grade. The goal of this study was to determine if 
UTE MR evaluation of the CEP is sensitive to calcification seen in µCT.  
 
METHODS: MRI: Cadaveric lumbar spines from two ~65 yo males were imaged 
sagittally on a 3T GE scanner: FOV=16cm, TR=300ms, TE=0.01, 10ms, slice=3mm. UTE 
MR images were obtained by subtracting images at different TEs. A well-defined 
linear signal (Fig.A) was classified as normal. Focal loss of the signal (Fig.B) was 
classified as abnormal. T2-weighted images were also obtained (Fig.CD).  
µCT: Sites (boxes, Fig.AB) showing normal and abnormal UTE appearances (n=4 each) 
were identified. Cores (5-mm diameter) were harvested and imaged at 13µm 
resolution. Local roughness (root mean squared) of the bony endplate was 
determined using Matlab by subtracting the baseline contour. Data was 
reconstructed in 3-D (Mimics).  
 
RESULTS: UTE MRI identified discs with changes in the region of CEP (Fig.B), unlike 
conventional T2w images (Fig.D). The cores with abnormal UTE appearance had 
roughness value of 168±39 µm (mean±sem), significantly higher than 63±9 µm of the 
UTE-normal cores (p<0.05, Fig.E). Similarly, 3-D reconstruction of UTE-abnormal 
samples (Fig.F) showed greater extent of calcium deposition (arrows) than UTE-
normal samples (Fig.G).  
 
DISCUSSION: An association between abnormal UTE appearance of the CEP and 
increased roughness, due possibly to calcification, was found. Calcification of CEP is 
likely to result in local loss of water content and to reduce the UTE MR signal. Work 
remains to validate the findings compared with histology and tissue transport 
function. (cont’d) 
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P43. PROGRESSION OF ADJACENT SEGMENT DISC DEGENERATION 29 YEARS AFTER 
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INTRODUCTION: There is a controversy concerning adjacent segment disc 
degeneration after fusion. The aim of the current study was to investigate if there 
was any progression of adjacent segment disc degeneration (ASD) after 
uninstrumented in situ fusion for isthmic spondylolisthesis grade III-V.  
 
METHODS: Twenty-four patients fused in situ from L4 to S1 for isthmic 
spondylolisthesis grade III-V underwent radiologic examination. The mean age at 
surgery was 15 years (range 9-25) and the mean time to assessment was 29 years 
(range 23-35). The present radiographs were compared with the respective ones 
from an 8 year follow-up performed in 1991. Disc height one and two levels above 
the fusion were measured on digitalised radiographs. The disc heights, relative the 
anterior vertebral body height, were measured from the upper corners of the 
vertebra below in a 90 degree angle to a straight line going through the two lower 
corners of the vertebra above. Oswestry Disability Index (ODI) was used to estimate 
disability.  
 
RESULTS: The mean anterior disc height at L3-L4 (one level above the fusion) was 
33% (range 10-50%), the mean posterior disc height at L3-L4 was 18% (range 7-38%). 
At L2-L3 the mean anterior disc height was 38% (range 22-65%) and the mean 
posterior disc height was 22% (range 7-34%). The mean ODI was 8 (range 0-34). There 
was no statistically significant progression of disk height reduction compared with 
data from 1991 (P>0.05, Wilcoxon signed rank test). There was no correlation 
between disc height reduction and ODI.  
 
DISCUSSION: Progression of adjacent disc height reduction could not be found in this 
group of patients fused in situ for severe isthmic spondylolisthesis at a young age. 
This is in accordance with earlier studies investigating similar patients.  
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P44. LONG-TERM OUTCOMES FOLLOWING LUMBAR SPINE FUSION FOR ADULT 
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INTRODUCTION: Posterior lumber interbody fusion (PLIF) has the theoretical 
advantage of optimising foraminal decompression, improving sagittal alignment and 
providing a more consistent fusion mass in adult patients with isthmic 
spondylolisthesis (IS) compared to posterolateral fusion (PLF). Studies to date though 
have not shown a clinical difference, with follow-up to two years.  
 
METHODS: An observation cohort study was performed of a single surgeon’s patients 
with IS over a ten year period, treated by either PLF or PLIF. Preoperative and 12-
month data were collected prospectively, and long-term follow-up was by mailed 
questionnaire. Preoperative patient characteristics between the two groups were not 
significantly different. Average follow-up was 7 years, 10 months, and 81% of 
questionnaires were returned. Outcome measures were Roland Morris Disability 
Questionnaire (RMDQ), Low Back Outcome Score (LBOS), SF-12v2 and SF-6D R2. The 
SF-6D R2 is a "whole of health" measure.  
 
RESULTS: PLIF provided better short- and long-term results than PLF. The PLIF group 
had significantly better LBOS scores in the long term, and non-significantly better 
RMDQ scores in the long term. As measured by RMDQ MCID short term set at 4, 
RMDQ MCID set at 8, the LBOS MCID set at 7.5 points and by SF-12v2 physical 
component score (PCS), PLIF patients performed better than PLF patients. When 
analysing single level fusions alone, the difference is more pronounced, with PCS, 
mental component scores and SF-6D R2 all being significantly better in the PLIF group 
rather than the PLF group.  
 
DISCUSSION: This paper strongly supports the use of PLIF to obtain equivalent or 
superior clinical outcomes than PLF for spinal fusion for lumbar isthmic 
spondylolisthesis. Although there are considerable issues when commenting on the 
results of observational studies, the results of this study are the first to report to such 
a long-term time point.  
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INTRODUCTION: We previously demonstrated that MMP-7 plays a crucial role in the 
natural resorption process of herniated disc (HD). Exposure to rhMMP-7 resulted in 
proteoglycan loss from human HD surgical samples, normal rabbit intervertebral 
discs, and natural canine HDs. Thus, we developed active recombinant human (rh) 
MMP-7 and investigated what amount of rhMMP-7 should be used to degrade 
human HD surgical samples and the degradation activity of both canine and monkey 
discs for clinical use. In addition, neurotoxic damage after direct application of 
rhMMP-7 to nerve tissues in vivo was assessed.  
 
METHODS: We performed these experiments: (a) Surgical samples of HD were 
cultured in the presence or absence of rhMMP-7 and the wet weight was measured 
24 hours later. (b) Rh MMP-7 were administered to lumbar discs derived from male 
beagles (8~9 months old) and male Macaca fascicularis (3~6 years old) under general 
anesthesia with fluoroscopy. One and 13 weeks after administration, histological 
analysis was performed. (c) Evoked potentials and electromyography of 
gastrocnemius muscles through sciatic nerve stimulation were recorded 1 day and 28 
days after rhMMP-7 administration. Motor nerve conduction velocity (MNCV) of the 
sciatic nerve (m/s) was then calculated.  
 
RESULTS: (a) RhMMP-7 degraded HDs in a dose dependent manner and resulted in 
an average 41.9% decrease in wet weight (p<0.01). (b) rh MMP-7 treated disc showed 
loss of Safranin O staining, resulting in degradation of both canine and monkey disc 
tissues. (c) MNCV of the sciatic nerve was not significant different between rhMMP-7 
and saline treatments 1 day or 28 days after administration.  
 
DISCUSSION: We conclude that exposure to rhMMP-7 resulted in degradation of 
human HD surgical samples, canine and monkey disc tissues and that administration 
of rhMMP-7 to nerve tissues did not deteriorate MNCV. Taken together, rhMMP-7 
treatment may facilitate the resorption process of HDs free from nerve damage.  
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INTRODUCTION: The avascular lumbar intervertebral disc is supplied with nutrients 
via diffusion from blood vessels within the surrounding tissues; insufficient nutrition 
is thought to be a primary cause of disc degeneration. Magnetic resonance imaging 
(MRI) following intravenous injection of paramagnetic contrast medium offers a 
relatively non-invasive method to evaluate perfusion. Here we investigated the blood 
supply of the vertebral bodies as several studies suggest that lumbar-artery disease 
may reduce nutrient supply to the discs.  
 
METHODS: Thirty seven patients attending a back pain clinic had MRIs of the lumbar 
spine taken before and after gadolinium injection. Routine sequences and perfusion 
sagittal T1-weighted images were obtained pre-contrast and at 5 minutes, 10 minutes 
and 2, 4 and 6 hours post-contrast. For each lumbar level, 3 regions of bone 
(vertebral body (VB), subchondral bone (SCB), endplate zone (EPZ)) and 7 regions of 
the disc were selected using image registration to obtain equivalent alignment for 
each image. Enhancement was calculated as the percentage change in signal intensity 
at a specific time-period from the baseline value (pre-contrast). Time/intensity curves 
were obtained for the selected regions.  
 
RESULTS: The maximum signal in the VB occurred 5 minutes post-contrast in both 
healthy and pathological discs. Where sclerosis was evident, increase in signal at the 
SCB occurred 10 minutes-2 hours later than in VB. In general the extent of signal 
enhancement over the L1-L4 levels was similar but it decreased at the L5 level. The 
difference between the signal in the VB and the SCB was greater in pathological than 
in normal discs at the L1-L4 levels.  
 
DISCUSSION: The results to date support the view that, while the EPZ is critical, 
disturbances to the blood supply of the vertebral bodies can also affect nutrient 
supply to the disc adversely and are associated with disc pathology. 
Acknowledgements: this work was supported by the FP7 Genodisc.  
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INTRODUCTION: The purpose of this study was to investigate the effect of cyst 
formation at vertebral endplate for early detection of nonunion after lumbar 
interbody fusion. The relation between endplate cyst formation and subsequent 
nonunion was evaluated retrospectively using CT-MPR image.  
 
METHODS: Radiological endplate changes of 80 TLIF cases using titanium cage were 
assessed. Bony union was diagnosed using dynamic X-ray at the final follow-up period 
with more than 15 months. More than 3° motion on flexion-extension and/or 
radiolucency around the pedicle screws and the cage were defined as nonunion. 
Findings of endplate were compared between nonunion group and union group using 
preoperative CT and postoperative CT at 3 to 6 months. In cases of the de novo 
appearance of endplate cyst or progress in size after the operation were defined to 
cyst positive group. In cases of no appearance of endplate cyst or regress in size were 
defined to cyst negative group.  
 
RESULTS: 67 union cases were compared with 13 nonunion cases. Bony union was 
recognized in 41.2% of cyst positive group and 95.2% of cyst negative group, which 
was statistically significant. The sensitivity of cyst formation for subsequent nonunion 
was 76.9%, specificity was 89.6%, positive predictive value was 58.8%, and negative 
predictive value was 95.2% respectively.  
 
DISCUSSION: The present study indicated the correlation between endplate cyst 
formation at relatively early postoperative period and nonunion after lumbar 
interbody fusion. It is considered that endplate cyst was formed as the results of 
micro motion between bony endplate and cage. In the current study, endplate cyst 
was recognized on CT at relatively early postoperative period before the advent of 
apparent movement at the fused segments or clear zone around the metal implants. 
These results indicated that endplate cyst formation is one of the useful predictors 
for nonunion.  
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P48. PROSPECTIVE STUDY OF THE EFFECT OF PEDICLE SCREW PLACEMENT ON 
DEVELOPMENT OF THE IMMATURE VERTEBRA IN AN IN VIVO PORCINE MODEL  
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INTRODUCTION: There is increasing awareness of the need for pedicle screw 
constructs in the treatment of spinal deformities in very young children. However, 
the long-term effects of pedicle screws on the immature spine are still unclear. We 
used a porcine model to analyze the morphological changes of the spinal canal and 
vertebral body in response to the placement of pedicle screws.  
 
METHODS: Thirteen newborn pigs were operated on. Each pig received a single 
pedicle screw at the L2 level. After a 10-fold increase in body weight (7 months later) 
the symmetry of the spinal canal and vertebral body was measured on CT scans of 
the investigational (L2) and control (L3) levels in terms of the angulation of the 
instrumented and non-instrumented halves of the vertebral body and spinal canal.  
 
RESULTS: After 7 months, the vertebral body (VBa) angle had reduced on the non-
screw side and increased on the screw side, indicating asymmetry in vertebral body 
growth in the axial plane. The difference was significant (p=0.009). However, there 
was no significant difference between the screw and non-screw sides for the spinal 
canal (SCa) angles at the L2 level at either the intraoperative or 7-month follow-up 
assessment (each p>0.05).  
 
DISCUSSION: Pedicle screws in the immature porcine spine have a significant effect 
on the development of the vertebral body. However, no corresponding alteration of 
the morphology of the spinal canal is observed. Our results may serve to encourage 
spinal surgeons to make decisions in favour of using pedicle screw instrumentation in 
very young children when considering the treatment options and weighing up the 
risks of surgery and observation.  
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INTRODUCTION: The iliac crest bone graft (ICBG) technique for lumbar posterolateral 
fusion surgery is widely used; however, donor site problems such as pain and sensory 
disturbance have been reported. Local bone is available for fusion surgery; however, 
its reliability as a graft has not been fully reported. The purpose of the current study 
was to examine the difference in bone union and clinical result after single-level 
instrumented posterolateral fusion surgery using a local bone graft versus an ICBG, in 
a prospective randomized study.  
 
METHODS: Eighty-two patients diagnosed with L4 degenerated spondylolisthesis 
were divided into two groups at random. Forty-two patients underwent 
instrumented posterolateral fusion with a local bone graft (L4-5 level), and 40 
patients underwent instrumented posterolateral fusion with an ICBG (L4-5 level). 
Rate and duration of bone union, visual analog scale (VAS) score, Japanese 
Orthopedic Association (JOA) score, Oswestry Disability Index (ODI), and 
complications were evaluated before and 2 years after therapy. Data were compared 
using a Mann–Whitney U test. p <0.05 was considered statistically significant. 
 
RESULTS: VAS score, JOA score, and ODI were not significantly different between the 
2 groups before and after surgery (p> 0.05). Rate and average duration of bone union 
was 90% and 8.5 months in the local bone graft group, and 85% and 7.7 months in 
the ICBG group, but without significant difference (p> 0.05). Prolonged surgical time 
and complications such as donor site pain (8 patients) and sensory disturbance (6 
patients) were observed in the ICBG group. 
 
DISCUSSION: If single-level posterolateral fusion was performed, local bone graft 
technique has the same bone union rate compared with ICBG, requires less surgical 
time, and has fewer complications.  
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INTRODUCTION: This study evaluated bone ingrowth and degradation of poly 
(epsilon-caprolactone) incorporating 20wt%â-tricalcium phosphates (mPCL/TCP) in a 
large animal model of anterior lumbar interbody fusion (ALIF).  
 
METHODS: Twenty seven pigs were randomized into three equal groups for 2-level 
(L2/3; L4/5) ALIF viz: 1) mPCL/TCP + rhBMP-2; 2) mPCL/TCP + bone marrow 
multipotent stromal cells (bMSC) and 3) mPCL/TCP. Animals were sacrificed at 3 and 
6 months for histology, micro-CT, backscattered electron microscopy with energy 
dispersive x-ray spectroscopy. Fusion mass was characterized based on: bone 
ingrowth volume; integration with native bone; bone-scaffold interface; 
morphological; and chemical changes of implanted scaffolds.  
 
RESULTS: Evaluation of bone ingrowth showed significant differences between the 
three groups at all time points with highest bone volumes occurring in rhBMP-2 
group, while the lowest bone volumes were recorded with scaffolds-alone (p<0.001). 
A smooth integration between bone occupying the scaffold pore spaces and native 
bone bed was observed in all groups at both time points. Similarly, direct contact 
between scaffold struts and newly formed bone were observed with no intervening 
soft tissues (Fig. 1). A complementary relationship between bone formation and 
chemical changes (calcium and phosphorus spectral peaks) was evident (Fig. 1). 
Figure 1: New bone (B) occupying the pore spaces (PS) of mPCL/TCP scaffolds (S) was 
observed only in rhBMP-2 and bMSC group. Woven bone at 3 months showed 
increased trabeculation at 6 months. Notice surface erosion (arrows)  
 
DISCUSSION: The main disadvantage of bioresorbable cages today is their inability to 
sustain loads resulting in premature collapse and failure. In this study, we observed 
dependence of scaffold degradation on bone formation. Achieving early bone 
formation in bioresorbable cages could be a key factor in preventing premature 
collapse and failure. (cont’d) 
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INTRODUCTION: Minimally invasive transforaminal lumbar interbody fusion (MIS-
TLIF) techniques using percutaneous pedicle screws has recently been available in the 
treatment of spinal degenerative diseases. However, MIS-TLIF has a risk of 
intraoperative radiation exposure to surgeons during pedicle screw insertion under 
the fluoroscopy. The purpose of the present study was to prospectively quantify 
radiation dose to a surgeon and an assistant during MIS-TLIF surgical procedure.  
 
METHODS: Fourteen consecutive patients (male7, female7, mean age; 56.8 years old) 
who underwent MIS-TLIF since Jan 2010 were included in this study. All patients had 
one-level lesion requiring placement of four pedicle screws. A surgeon and an 
assistant wore radiation monitors at different unshielded parts (thyroid, chest, 
genitals), at the chest under a shield, and at the right middle finger using a 
thermoluminescent dosimeter ring badge.  
 
RESULTS: Mean operation time and blood loss during surgery were 198.4 minutes 
and 206.6 ml. Mean fluoroscopy time was 43.2 seconds. Mean radiation exposure 
dose to the surgeon on crystal lens, thyroid, chest, genitals, and finger at unshielded 
location were 0.03, 0.08, 0.09, 0.15, 0.34 mSv, and on chest under shield was 0.04 
mSv. Dose to the assistant at unshielded were 0.03, 0.08, 0.11, 0.08, 0.24 mSv, and at 
shielded was 0.03 mSv.  
 
DISCUSSION: Maximum annual radiation exposure allowed for radiation workers is 
150 mSv/year to crystal lens, 500 mSv/year to skin, and 20 mSv/year to body 
(effective dose) according to ICRP1990. The present study demonstrated that 
radiation exposures to the surgeon and assistant during MIS-TLIF were within an 
acceptable range. However, accumulated radiation exposure doses should be 
considered and continuous exposure should be prevented during MIS-TLIF.  
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P52. THREE DIMENSIONAL ASYMMETRICAL PEDICLE SUBTRACTION OSTEOTOMY: 
SUCCESSFUL APPLICATION FOR RIGID DEGENERATIVE LUMBAR KYPHOSCOLIOSIS  
Toyone, Tomoaki; Ozawa, Tomoyuki; Shiboi, Ryutaro; Kamikawa, Koya; Watanabe, 
Atsuya; Matsuki, Keisuke; Wada, Yuichi 
Teikyo University Chiba Medical Center, Chiba, Japan 

 

INTRODUCTION: Vertebral wedge osteotomy provides good correction of kyphosis, 
but has rarely been applied to degenerative lumbar kyphoscoliosis. The purpose of 
this study was to analyze the outcome of the two procedures, pedicle subtraction 
osteotomy and multilevel correction combined with PLIF for rigid degenerative 
lumbar kyphoscoliosis.  
 
METHODS: This study was based on a prospective cohort of patients who underwent 
surgery for lumbar kyphoscoliosis. Patients with lumbar scoliosis of more than 30 
degrees or lumbar lordosis of less than 15 degrees were included. Fourteen 
consecutive patients (mean age: 71) who underwent multilevel correction combined 
with PLIF (PLIF-group) and 14 consecutive patients (mean age: 69) who underwent 
three dimensional asymmetrical pedicle subtraction osteotomy (3D-PSO, PSO-group) 
were the subjects of the study. The two groups were comparable with regard to age, 
gender, and the preoperative clinical and radiological findings. The mean follow-up 
period was 38 months. The clinical outcome, radiographic correction, and 
perioperative complications were analyzed.  
 
RESULTS: Although a significant improvement of low back pain, walking ability, and 
activity of daily life was noted in both groups, postoperative symptoms were 
significantly better in the PSO-group than the PLIF-group. No major complications 
were observed in either groups. Lordosis correction achieved was 18 degrees in the 
PLIF-group and 41 degrees in the PSO-group. Scoliosis correction rate was 68% and 
76%, respectively.  
 
DISCUSSION: Prospective comparative study of 3D-PSO and PLIF for degenerative 
lumbar kyphoscoliosis demonstrated that patients treated with 3D-PSO had good 
scores in the assessment of pain and function. The surgical procedure of 3D-PSO is to 
correct the scoliosis, and to restore the lumbar lordosis by way of convex sided 
posterolateral wedge osteotomy, and may go a long way toward solving the 
problems of rigid lumbar kyphoscoliosis.  
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ISSLS PRIZE WINNER - CLINICAL 

P53. FUNCTION AFTER SPINAL TREATMENT, EXERCISE AND REHABILITATION 
(FASTER): A FACTORIAL RANDOMISED TRIAL TO DETERMINE WHETHER THE 
FUNCTIONAL OUTCOME OF SPINAL SURGERY CAN BE IMPROVED  
McGregor, Alison1; Doré, Caroline2; Morris, Tim2; Morris, Stephen3; Jamrozik, Konrad4 
1Imperial College London, London, UK; 2MRC Clinical Trials Unit, London, UK; 
3University College London, London, UK; 4University of Adelaide, Adelaide, Australia 

 

INTRODUCTION: Surgical interventions on the spine are increasing, and whilst 
surgery for spinal stenosis and disc prolapse have been shown to be superior to 
conservative management, functional outcome and patient satisfaction are not 
optimal. This study sought to determine whether the functional outcome of two 
common spinal operations could be improved by a programme of post-operative 
rehabilitation that combines professional support and advice with graded active 
exercise and/or an educational booklet based on evidence-based messages and 
advice, each compared with usual care.  
 
METHODS: This was a multi-centre, factorial, randomised controlled trial on the post 
operative management of spinal surgery patients, with randomisation stratified by 
surgeon and operative procedure. The study compared the effectiveness of a 
rehabilitation programme and an education booklet for the postoperative 
management of patients undergoing discectomy or lateral nerve root decompression 
surgery, each compared with “usual care” using a 2 x 2 factorial design, randomising 
patient to four groups; rehabilitation-only, booklet-only, rehabilitation-plus-booklet, 
and usual care only. The primary outcome measure was the Oswestry Disability Index 
(ODI) at 12 months, with secondary outcomes including visual analogue scale 
measures of back and leg pain.  
 
RESULTS: 338 patients were recruited into the study and measurements were 
obtained pre-operatively and then repeated at 6 weeks, 3, 6, 9 and 12 months post-
operatively. Twelve months post operatively the observed effect of rehabilitation on 
ODI was -2.7 (95% CI -6.8 to 1.5) and the effect of booklet was 2.7 (95% CI -1.5 to 
6.9).  
 
DISCUSSION: This study found that neither intervention had a significant impact on 
long term outcome. There was some evidence to suggest that the impact of the 
interventions was different between patients undergoing discectomy and those 
having spinal decompression.  
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P54. ADAPTATIONS TO THE MULTIFIDUS MUSCLE IN RESPONSE TO 
EXPERIMENTALLY INDUCED INTERVERTEBRAL DISC DEGENERATION  
Brown, Stephen H. M.1; Gregory, Diane E.1; Carr, J. Austin2; Ward, Samuel R.2; 
Masuda, Koichi2; Lieber, Richard L.2 
1University of Guelph, Human Health and Nutritional Sciences, Guelph, Canada; 
2University of California San Diego, Orthopaedic Surgery, San Diego, US 

 

INTRODUCTION: Studies have linked chronic back pain with abnormal muscle use and 
structure. However, cause-effect relationships among back pain, injury, and muscle 
dysfunction remain elusive. Defining such relationships is essential to understand and 
treat back pain. This study was designed to assess changes in passive mechanical 
properties, protein structure, and histology of multifidus in response to disc 
degeneration produced by experimental needle puncture.  
 
METHODS: 12 rabbits were studied; 4 in each of 3 groups: control, 4-weeks disc 
degeneration, and 12-weeks disc degeneration. Single multifidus fibers and fiber 
bundles were isolated and tested for slack sarcomere length and elastic modulus. 
Titin isoform mass, myosin heavy chain (MHC) distribution, and muscle histology 
were also examined.  
 
RESULTS: Compared to control, muscle fibers were 34% stiffer and fiber bundles 
107% stiffer in the 12-week degeneration group. No changes were detected at 4-
weeks degeneration. No statistically significant change was found for MHC 
distribution in the degeneration groups compared to control, while titin isoforms 
were larger (p < 0.05) than control at 12-weeks degeneration. Histology revealed 
select regions of multifidus, at 12-weeks degeneration, with increased space between 
fiber bundles which was partly occupied by adipose.  
 
CONCLUSION: Multifidus becomes stiffer, in individual fibers and fiber bundles, in 
response to experimentally-induced intervertebral disc degeneration. This cannot be 
explained by change in fiber-type, nor by increased size of the protein titin (which 
would reduce stiffness). We hypothesize that fiber bundles become stiffer by 
proliferation and re-organization of collagen within the muscle but the basis for fiber 
stiffening is unclear. These results represent the first direct evidence of changes in 
mechanical properties of back muscles in response to disc degeneration and indicate 
a cause-effect between low back injury and back muscle dysfunction.  
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P55. SMUDGING THE MOTOR BRAIN IN RECURRENT LOW BACK PAIN  
Hodges, Paul1; Tsao, Henry1; Danneels, Lieven2 
1The University of Queensland, CCRE SPINE, Brisbane, Australia; 2Ghent University, 
Ghent, Belgium 

 

INTRODUCTION: Separate areas of motor cortex control individual paraspinal muscle 
fascicles in healthy people and this is consistent with differential control in function. 
Differential control is lost in people with low back pain (LBP), but the mechanism is 
unclear. Disorganisation or "smudging" of discrete areas of cortex has been 
associated with painful conditions that involve loss of discrete finger movement. Here 
we studied whether LBP is associated with smudging of the motor cortex 
representation of the paraspinal muscles.  
 
METHODS: Organisation of the motor cortex was mapped with transcranial magnetic 
stimulation (TMS) using a figure-of-eight coil at points on a 5x5 cm grid on the scalp 
with motor evoked potentials (MEP) recorded in paraspinal muscles using surface 
electromyography (EMG) electrodes at L4 (to record from multiple paraspinal 
components simultaneously), and separate fine wire electrodes in short/deep 
(multifidus) and long/superficial (longissimus) paraspinal muscles. MEPs were evoked 
during ~20% of maximum voluntary contraction in people with and without a history 
of LBP (persistent/recurring episodes over the preceding 18 months).  
 
RESULTS: In pain-free individuals 2 cortical areas were identified from surface EMG 
recordings with centres located ~1-2 cm and ~4 cm anterior to vertex (~2 cm lateral 
to vertex). Intramuscular EMG recordings revealed single areas of representation; 
that of multifidus aligned to the posterior site and that of longissimus at the anterior 
site. In the LBP group the representations of multifidus and longissimus were both 
located ~1.2-1.4 cm anterior to the vertex and did not differ from each other 
(P=0.14).  
 
DISCUSSION: These data provide novel evidence of loss of discrete organisation (i.e. 
"smudging") of the motor cortex in people with persistent LBP. This may contribute 
to loss of differential control of paraspinal muscles and a subsequent compromise to 
the optimal control of spine motion and position 
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P56. GENETIC INFLUENCES ON LUMBAR SPINAL STENOSIS: A MULTIVARIATE TWIN 
STUDY  
Battie, Michele C.1; Ortega-Alonso, Alfredo2; Niemelainen, Riikka1; Gill, Kevin3; 
Levalahti, Esko2; Kaprio, Jaakko2; Videman, Tapio1 
1University of Alberta, Edmonton, Canada; 2Aalto University, Helsinki, Finland; 
3University of Texas Southwestern, Dallas, US 

 

INTRODUCTION: Although the pathophysiology of symptomatic lumbar spinal 
stenosis (LSS) is not well understood, a narrow central canal or intervertebral 
foramen is an essential or defining feature. The aim of the present study was to 
estimate the magnitude of genetic versus environmental influences on anatomical 
LSS in a general population sample of men. We were also interested in examining disc 
degeneration and overall skeletal size as possible genetic pathways.  
 
METHODS: We conducted an extended classic twin study using multivariate analyses 
with consideration of lumbar level. Study participants were 300 male twin pairs (152 
monozygotic and 148 dizygotic), from 35-70 years of age, from a population-based 
twin cohort. Subjects’ lumbar MRI were evaluated for the primary phenotypes of 
central canal LSS, as assessed qualitatively by an experienced orthopaedic spine 
surgeon using a 4-point grading scheme, and quantitatively measured cross-sectional 
area of the dural sac at each spinal level (intra-rater reliability ICC=0.98). Additional 
phenotypes for multivariate analyses to examine possible genetic pathways included 
disc bulging (0-3 rating) and standing height (cm), as an indicator of overall skeletal 
size.  
 
RESULTS: The heritability estimate for qualitatively assessed LSS was 66.9%. Similarly, 
the vast majority of variance in dural sac cross-sectional area (81.7%) was explained 
by dominance and additive genetic influences, with similar heritability estimates 
across lumbar levels. The genetic correlation of quantitatively assessed LSS and disc 
bulging was 0.38. There were no shared genetic influences between LSS phenotypes 
and standing height.  
 
DISCUSSION: This is the first study of which we are aware providing an estimate of 
the heritability of LSS. The study findings revealed central LSS to be highly genetic and 
support disc degeneration as one pathway through which genes influence anatomical 
LSS, but not skeletal size as depicted through standing height.  
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P57. LUMBAR SPINAL STENOSIS IS A NEGATIVE INFLUENCE ON QUALITY OF LIFE: AN 
EPIDEMIOLOGIC AND CROSS-SECTIONAL STUDY IN THE COMMUNITY  
Otani, Koji; Kikuchi, Shin-ichi; Yabuki, Shoji; Igarashi, Tamaki; Nikaido, Takuya; 
Watanabe, Kazuyuki; Konno, Shin-ichi 
Fukushima Medical University, Orthopaedic Surgery, Fukushima City, Japan 

 

INTRODUCTION: Lumbar spinal stenosis (LSS) seems to be common in the elderly. 
However, there have been few reports on the prevalence and influence on quality of 
life (Qol) caused by LSS. The purpose of this study was to clarify the prevalence of 
symptomatic LSS in the community and how LSS affects Qol in community level.  
 
METHODS: 1852 people (697 male and 1165 female, largest numbers in the 8th 
decade of life) agreed to participate and were interviewed. These comprised 
approximately 21.5 % of the local population. The presence of LSS was assessed by a 
specially designed questionnaire. Roland-Morris Disability Questionnaire (RDQ) for 
evaluation of low-back-pain related disability and SF-36 were also evaluated. In 
addition, comorbid conditions, such as osteoarthritis of the knee and hip, 
cardiovascular disease, cerebrovascular disease and respiratory disease that seemed 
to affect Qol were also analyzed.  
 
RESULTS: 1) The prevalence of LCS was gradually increasing in the elderly (less than 
50 years old: <10%, 55-64 age group: 15%, 65-69 age group: 20%, over 70 years old: 
20-50%). 2) The presence of LCS had strongly negative effect on RDQ (OR: 4.850, 
95%CI: 3.585-6.563), and all 8 physical and mental domains and Physical Component 
Summary (PCS) of general health related Qol (HR-Qol) (SF-36) (OR: 1.530-2.704) 
except of Mental Component Summary (MCS) rather than the comorbid conditions.  
 
DISCUSSION: LSS is common in the elderly. The presence of LSS might have a strong 
negative influence on both low-back-pain related disability and physical, but not 
mental, aspects of HR-Qol.  
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P58. A PROSPECTIVE RANDOMIZED CONTROLLED STUDY COMPARING UNILATERAL 
AND BILATERAL PEDICLE SCREW FIXATION IN TRANSFORAMINAL LUMBAR 
INTERBODY FUSION FOR DEGENERATIVE SPONDYLOLISTHESIS  
Yasuchika, Aoki1; Masatsune, Yamagata2; Yoshikazu, Ikeda2; Fumitake, Nakajima2; 
Sumihisa, Orita2; Koichi, Nakagawa1; Arata, Nakajima1; teruo, Furufu1; Toru, Suguro1; 
Seiji, Ohtori3; Kazuhisa, Takahashi3 
1Toho University Sakura Medical Center, Sakura, Japan; 2Chiba Rosai Hospital, 
Ichihara, Japan; 3Chiba University, Chiba, Japan 

 

INTRODUCTION: Many surgeons currently prefer to use transforaminal lumbar 
interbody fusion (TLIF) with unilateral pedicle screw (PS) fixation to treat 
degenerative spondylolisthesis, and have reported good clinical results. To date, no 
study has been performed to examine whether unilateral PS fixation improves 
surgical outcomes as well as bilateral PS fixation. A prospective randomized 
controlled study was conducted to compare surgical outcomes of TLIF using unilateral 
PS fixation with those of bilateral PS fixation.  
 
METHODS: Fifty degenerative spondylolisthesis patients undergoing one-level TLIF 
were randomly assigned to receive either unilateral PS fixation (unilateral group) or 
bilateral PS fixation (bilateral group). Forty-seven patients followed-up for more than 
two years were included in this study. Parameters compared between the two groups 
were severity of intermittent claudication [IMC, 0-3: JOA score], pre- and post-
operative visual analogue scales (VAS, 0-10: back-pain, lower-extremity pain, and 
lower-extremity numbness), and post-operative disability scores for lumbar spinal 
disorders (JOABPEQ).  
 
RESULTS: Intermittent claudication improved significantly after both surgeries with 
no significant difference observed between the two groups. Pre-operative VAS 
(unilateral, bilateral) for back pain (5.0, 5.2) and lower-extremity pain (5.9, 6.4) 
showed no significant difference; however, the post-operative VAS was significantly 
worse in the unilateral group for back pain (3.4, 1.5) and lower extremity pain (3.7, 
1.3). The unilateral group also showed significantly less improvement of VAS for 
lower extremity numbness: pre-op (5.6, 7.3), post-op (3.9, 2.9). There were no 
significant differences between the two groups in the post-operative scores for all 
five items of the JOABPEQ.  
 
DISCUSSION: Compared to bilateral PS fixation, unilateral PS fixation resulted in less 
improvement of back-pain, lower-extremity pain, and lower-extremity numbness.  
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P59. NATURAL HISTORY OF LUMBAR SPINAL STENOSIS  
Frennered, Karin; Wessberg, Per 
Department of Orthopaedics, Sahlgren University Hospital, Gothenburg, Sweden 

 

INTRODUCTION: Surgery has been shown to give superior results compared to 
natural history in lumbar spinal stenosis (LSS), although some patients are unchanged 
or slightly improved even without surgery. The aim of the present study was to 
further study natural history and factors potentially influencing clinical picture and 
development.  
 
MATERIAL AND METHODS: 240 patients with clinical and radiological signs of LSS, 
referred for surgical evaluation answered a computerized interview including, leg and 
back pain (VAS, 0—100), walking distance, depressive symptoms (Zung, 0—100) and 
quality of life (EQ5D, -48—100). 146 were not selected for surgery. They were 
prospectively followed 3.4 years (2.1—5.2), at which time, 107 of 120 eligible were 
re-evaluated. 58% were female. Mean age was 68 (21—91). 47% had two or more 
level stenosis. L4-L5 was affected in 79%. Mean dural sac area was 50 mm2. 26% had 
a lumbar deformity and 26% had a degenerative spondylolisthesis.  
 
RESULTS: At baseline, leg pain was 56 and back pain was 61. Walking distance was < 
500m in 56%. EQ5D was 38 and Zung 38. At FU, VAS (leg and back) and EQ5D showed 
significant improvement (~10 units). Comparing leg pain, 55% were unchanged, 32% 
improved and 13% deteriorated. Cases with lumbar deformities had more back pain 
(79 and 64) and less EQ5D (15 and 31) at baseline and FU. A change in pain level or 
EQ5D could not be predicted by degree of stenosis, number of levels affected, 
presence of degenerative spondylolisthesis or lumbar deformity.  
 
DISCUSSION: The natural history of LSS from other studies is confirmed. Since 
worsening is rare, reluctance towards surgery in patients with tolerable levels of pain 
and function is warranted. Presence of a lumbar deformity implies a partially 
different pathology with considerably higher symptom levels. Radiological findings 
does not influence clinical development  
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P60. THE PREVALENCE OF THE LUMBAR SPINAL STENOSIS WITH MOBILE MRI IN A 
POPULATION-BASED COHORT: THE ROAD-MRI STUDY  
Ishimoto, Yuyu1; Yoshida, Munehito1; Yamada, Hiroshi1; Nagata, Keiji1; Hashizume, 
Hiroshi1; Takiguchi, Noboru1; Muraki, Shigeyuki2; Oka, Noriyuki2; Akune, Toru2; 
Yoshimura, Noriko2 
1Japan, Wakayama city, Japan; 2Japan, Tokyo, Japan 

 

INTRODUCTION: Despite the fact that lumbar spinal stenosis (LSS) is one of the most 
commonly diagnosed and treated pathologic conditions affecting the spine, very little 
is known about the epidemiology of LSS in the general population. We evaluated the 
prevalence of LSS observed on mobile MRI in a community-based sample.  
 
METHODS: From a community-based cohort, ROAD (Research on Osteoarthritis 
Against Disability), 1,011participants (335 men and 676 women, mean age: 66.3 ± 
years old) were enrolled, and 985 participants (with the exception of 26 patient who 
had cardiac pacemaker or other problems) underwent MRI of the spine. Clinical data 
was taken by well-experienced orthopaedic surgeons. MRI images were evaluated in 
a blinded fashion with respect to clinical data, which included the ankle-brachial 
index. Finally the diagnosis of LSS was confirmed by both clinical and MRI evaluation.  
 
RESULTS: The diagnosis of LSS was confirmed in 94 subjects. Prevalence of LSS was 
9.3% overall, 10.1% among men, and 8.9% among women. We divided the sample to 
five age groups: less than 50, 50 to 59, 60 to 69, 70 to 79, and over 80 years. The 
overall prevalence of LSS increased with age from 1.5 % in those patients aged less 
than 50, to 12.3% in those aged over 80 years. A correlation of R2=0.03 p < 0.01 was 
found between age and prevalence of LSS. The correlation was stronger in women 
(R2=0.04 p < 0.01) than in men (R2=0.01 p = 0.25). Using multiple logistic regression 
model, we examined the association among LSS and sex, age, body mass index. 
Among the demographic variables, age was only significant predictor of LSS (Odds 
ratio: 1.04, 95%CI: 1.02-1.05).In conclusion, The prevalence of LSS in a community-
based sample was characterized. The prevalence of LSS was associated with age.  
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P61. DEGENERATIVE SPONDYLOLISTHESIS IN THE SPINE PATIENT OUTCOMES 
RESEARCH TRIAL (SPORT): DOES PSYCHOLOGICAL DISTRESS AFFECT TREATMENT 
OUTCOME?  
Davis, Garrett; Spratt, Kevin F.; Abdu, William A.; Moschetti, Wayne; Zhao, Wenyan; 
Albert, Anthony; Weinstein, James 
Dartmouth Medical School, Orthopaedics, Lebanon, US 

 

INTRODUCTION: Previous work has demonstrated that SPORT patients treated for 
lumbar intervertebral disc herniation (IDH) who had PD (Psychological Distress status: 
Depression, Anxiety) treated surgically reported outcomes similar to patients without 
PD. However, PD patients treated non-operatively demonstrated less outcome 
improvement compared to patients without PD. This study was done to assess the 
generalizability of these results to the SPORT degenerative spondylolisthesis cohort.  
 
METHODS: Patients with MCS scores ≤ 35 were defined as having PD and, otherwise, 
were classified as not distressed (Not-PD). As treated longitudinal regression 
modeling - including baseline covariates to control for confounding of treatment 
effects due to baseline differences between groups - was used to evaluate patients' 
Bodily Pain (BP), Physical Function (PF) and Oswestry Disability Index (ODI) change 
from baseline outcomes across time.  
 
RESULTS: The SPORT DS cohort included 601 patients: 65% had surgery, and 12% had 
PD at baseline. Changes from baseline in BP outcomes are summarized below:  
 

 

For non-operative patients PF, ODI and, with a single exception, BP outcomes were 
unrelated to baseline PD. However, for PD patients treated surgically BP and PF 
improvement from baseline was significantly lower compared patients without PD. 
(cont’d) 
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DISCUSSION: These results reflect a reversal of what was observed in the SPORT IDH 
cohort, as summarized in the introduction, and suggest that although treatment 
outcomes in the IDH and DS SPORT cohorts were similar - on average, both surgical 
and non-operative patients demonstrated improvement - the mediating effects of PD 
status on outcomes did not generalize across these cohorts.  
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P62. COST-EFFECTIVENESS OF BALLOON KYPHOPLASTY (BKP) VS. STANDARD 
MEDICAL TREATMENT FOR VERTEBRAL COMPRESSION FRACTURES DUE TO 
OSTEOPOROSIS - A MULTICENTER RCT WITH A TWO-YEAR FOLLOW UP IN SWEDEN  
Fritzell, Peter1; Ohlin, Acke2; Borgström, Fredrik3 
1Falun Hospital/Ort Clinic, Falun, Sweden; 2Malmö University Hospital, Malmö, 
Sweden; 3i3innovus, Stockholm, Sweden 

 

INTRODUCTION: Vertebral compression fractures (VCF) due to osteoporosis are 
common, inflicting substantial strain on the health-care system. Balloon kyphoplasty 
(BKP) is a minimally invasive procedure which may be used in selected patients with 
painful VCF. We evaluated the cost-effectiveness of BKP compared with standard 
medical treatment (Control) in patients with acute/sub-acute VCF (<3 months).  
 
METHODS: Hospitalized patients because of back pain due to VCF between Th5-L5 
(MRI confirmed) were randomized to BKP or Control treatment (standard medical 
treatment), using a computer-generated random list. All VCF-associated costs (direct 
and indirect) were identified and measured after 1-3-6-12-18-24 months, and 
reported from the perspectives the society and the healthcare sector. Quality of life 
was measured with EQ-5D ranging from 0=”death” to perfect =1. The accumulated 
quality adjusted life years gained (QALYs) and costs/QALY gained was assessed using 
intention to treat and boot strapping. Power analysis was performed. Willingness to 
pay for a QALY gained was estimated to SEK 600,000 (Euro 62,500).  
 
RESULTS: Between Feb 2003 and Dec 2005 in all 63/67 Swedish patients, BKP (n=32) 
and Control (n=31), were included. Baseline data were similar. Mean age in the BKP 
group was 72 years (74% women) vs. 76 years (77% women) in the Control group. 
There was no cross over. For the Society the mean cost/patient in the BKP group was 
SEK 160,017 (SD151,082), vs. SEK 84,818 (40,953) in the Control group. The difference 
was significant, SEK 75,199 (CI 16,037 - 120,104), or Euro 7,833 (CI 1,671 - 12,511). 
The accumulated mean difference in QALYs gained was 0,085 (-0,132 to 0,306) units 
in favour of BKP, resulting in a cost per QALY gained using BKP of SEK 884 682 (Euro 
92,154), with a high uncertainty. See Fig 3  
 
DISCUSSION: It was not possible to demonstrate that BKP is a cost-effective 
intervention compared to standard treatment in this Swedish setting (cont’d) 
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P63. CONSERVATIVE MANAGEMENTS FOR OSTEOPOROTIC THORACOLUMBAR 
VERTEBRAL COMPRESSION FRACTURES -A MULTICENTER PROSPECTIVE RCT  
Chiba, Kazuhiro1; Yoshida, Munehito2; Shinomiya, Kenichi3; Satomi, Kazuhiko4; 
Nagata, Kensei5 
1Keio University, Department of Orthopaedic Surgery, Tokyo, Japan; 2Wakayama 
Medical University, Department of Orthopaedic Surgery, Wakayama City, Japan; 
3Yokohama City Minato Red Cross Hospital, Department of Orthopaedic Surgery, 
Yokohama, Japan; 4Kyorin University, Department of Orthopaedic Surgery, Tokyo, 
Japan; 5Kurume University, Department of Orthopaedic Surgery, Kurume City, Japan 

 

INTRODUCTION: Optimal conservative management for acute thoracolumbar 
osteoporotic vertebral compression fractures (VCF) are still under debate. This 
multicenter prospective RCT was undertaken to verify optimal treatment protocol for 
VCF.  
 
METHODS: Patients with acute osteoporotic VCF who visited participating hospitals 
were enrolled. Inclusion criteria were 1) 65 to 90 y/o female; 2) fractures between 
T11 and L2; 3) those without neurological deficits. Diagnosis of VCF was established 
by X-ray and MRI. Pathological fractures and those with significant canal compromise 
were excluded. Patients were randomly assigned to one of three treatment groups. 
Group 1: 3 weeks bed rest followed by semirigid brace, Group 2: early mobilization 
with cast, followed by semirigid brace then simple corset, and Group 3: early 
mobilization with simple brace only. External supports were continued until 12 weeks 
post-injury. Rate of nonunion, progression of vertebral deformity, pain, SF-36 and 
neurological status were compared among three groups.  
 
RESULTS: Forty-three patients were included and 14, 15, and 14 patients were 
assigned to each group. Nonunion rates were not significantly different among three 
groups, however, union tended to be delayed in Group 1. Most vertebral deformity 
occurred between 4-8 weeks, and none of treatments could prevent vertebral 
deformity completely. Vertebral wedge rate and Social Function score of SF-36 were 
significantly superior in Group 2 than 1. There were no other parameters that were 
significantly different among three groups.  
 
DISCUSSION: This is first RCT comparing clinical and radiological results of different 
conservative treatments for patients with VCF. Prolonged bed rest did not prevent 
vertebral deformity nor improved clinical results, therefore, early mobilization is 
justified. Although complete prevention of deformity progression was not possible, 
rigid external support may be favored over simple corset.  
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P64. VERTEBROPLASTY VERSUS CORRECTIVE SURGERY WITH INSTRUMENTATION 
FOR PATIENTS WITH NEUROLOGICAL DEFICIT CAUSED BY INSUFFICIENT UNION 
FOLLOWING OSTEOPOROTIC VERTEBRAL FRACTURE  
Hoshino, Masatoshi1; Kato, Minori2; Suzuki, Akinobu3; Matsumoto, Tomiya3; Tsujio, 
Tadao1; Toyoda, Hiromitsu3; Terai, Hidetomi3; Konishi, Sadahiko3; Seki, Masahiko1; 
Nakamura, Hiroaki3 
1Shiraniwa Hospital, Spine center, Nara, Japan; 2Osaka City General Hospital, 
Department of Orthopedic Surgery, Osaka, Japan; 3Osaka City University Graduate 
School of Medicine, Department of Orthopedic Surgery, Osaka, Japan

 

INTRODUCTION: We have reported that intravertebral instability is one significant 
factor in neurological deficits following insufficient union of osteoporotic vertebral 
fracture (OVF) (Eur Spine J, 2009.). Based on this finding, we have prospectively 
performed vertebroplasty without decompression for patients with neurological 
deficits. In this study, we compared the clinical outcomes among vertebroplasty and 
posterior or anterior fusion surgery with instrumentation for insufficient union 
following OVF.  
 
METHODS: This study included 60 patients with neurological deficits caused by 
insufficient union. Vertebroplasty alone was performed in 20 patients (Group-VP), 
posterior decompression and fusion surgery with instrumentation in 20 patients 
(Group-PDF), and anterior surgery in 20 patients (Group-ADF). Neurological 
improvement, surgical complications, and radiographic results were evaluated in 
these three groups.  
 
RESULTS: Mean operative times were 133 minutes, 314 minutes, and 489 minutes in 
Group-VP, Group-PDF, and Group-ADF, respectively. Mean blood loss was 137ml, 
507ml, and 1357ml. Among systemic complications, renal failure was observed in one 
case in Group-PDF, and respiratory failure and deep infection in one case each in 
Group-ADF. Neurological improvement at 1 month after surgery was as follows: no 
change in 7/7/10 cases, one-grade improvement in 9/9/7 cases, and two or more-
grade improvement in 4/4/3 cases in Group-VP, Group-PDF, and Group-ADF, 
respectively (not significant). Neurological status at latest follow-up was as follows: 
modified Frankel classification C1 in 0/0/1 cases, D1 in 2/2/0 cases, D2 in 12/12/11 
cases, and E in 6/8/8 cases (not significant). Subsequent adjacent vertebral fracture 
rates were 40%, 10%, and 20%.  
 
DISCUSSION: There was no significant difference in grade of neurological 
improvement or neurological status at latest follow-up among these three groups. 
Vertebroplasty appeared to be the least invasive procedure.  

  



ORAL PRESENTATIONS  

 

 
P65. SURVIVAL PROGNOSIS IN PATIENTS WITH NEWLY DIAGNOSED METASTATIC 
SPINAL TUMOR BY THE REVISED TOKUHASHI SCORE  
Takuya, Kawai;  Aota, Yoichi1; Nakamura, Naoyuki2; Yamashita, Takayuki3; Tanabe, 
Hironori1; Nakamura, Yushi2; Yamaguchi, Yasuteru1; Saito, Tomoyuki1 Thomas E. 
Mroz. Isador H. Lieberman 
1Yokohama City University Hospital, Orthopaedic Surgery, Yokohama, Japan; 
2Yokohama City University, Orthopaedic Surgery, Yokohama, Japan; 3Cleveland Clinic, 
Center for Spine Health, Cleveland, US 

 

INTRODUCTION: Selection of conservative or surgical treatment for metastatic spinal 
tumor is mainly based on her or his survival prognosis. The Revised Tokuhashi 
Prognosis Score has been widely used to predict survival period and to select 
treatment methods. This system was developed by analyzing patients with severe 
symptoms who died after surgery. The purpose of this study is to correlate Tokuhashi 
Score with survival period for all patients newly diagnosed metastatic spinal tumor 
with or without symptoms. 
 
METHOD: A total of 295 patients who were newly diagnosed as spinal metastases 
during 2006 to 2008 at our two hospitals were retrospectively analyzed. All patients 
were evaluated by the Tokuhashi Score when newly diagnosed. The Tokuhashi Score 
consisted of six categories: 1) performance status, 2) the number of extraspinal bone 
metastases, 3) the number of spinal metastases, 4) metastases to the major internal 
organs, 5) primary site of the cancer, 6) palsy. The Spearman's correlation coefficient 
between total Tokuhashi Score and survival period was calculated. Multivariate 
analysis was used to analyze the relationship of each category and survival period. 
 
RESULTS: Mean total Tokuhashi score at diagnosis was 8.1 points. At the final follow-
up, 185 patients had died, and 110 were still alive. Median survival period from 
diagnosis was 12 months. Survival period moderately correlated with total Tokuhashi 
Score (r=0.51). Above all six categories, performance status, metastases to the major 
internal organs and primary site of the cancer were significantly associated with 
survival period (p<0.001). 
 
DISCUSSION: Until now, there has been no study to examine the relationship 
between The Tokuhashi Score and patients with spinal metastases including 
asymptomatic ones. This study shows The Tokuhashi Score was useful in the 
prediction of survival period for patients whether symptomatic or not.  
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P66. LONG TERM FOLLOW UP OF A PROSPECTIVE RANDOMIZED STUDY OF 
CHEMONUCLEOLYSIS COMPARED TO SURGERY FOR SCIATICA  
Wardlaw, Douglas; Vadvha, Mukta; Sabboubeh, Adel 
Centre for Spinal Research, NHS Grampian, Orthopaedics, Aberdeen, UK 

 

PURPOSE: Assessment of long term results of Chemonucleolysis and surgery for soft 
disc herniation 
 
METHODS: From 1982 to 1985, 100 patients with symptomatic disc herniation were 
randomized to receive either Chemonucleolysis or standard discectomy after a three 
months trial of conservative treatment. Ten of the chemonucleolysis had no relief of 
leg pain at six weeks and had surgery. The results at one year showed no significant 
difference between the groups. In 1995, Sixty one of the original 100 patients 
responded, 32 chemonucleolysis and 29 surgical. 32 patients had a lumbar spine 
radiograph, 18 chemonucleolysis and 14 surgery. In 2009, Forty four patients 
responded. 24 chemonucleolysis and 20 surgical.  
 
RESULTS: The clinical outcomes were measured using the MacNab Criteria. The disc 
height of the affected disc was measured from the lateral lumbar spine radiograph. 
The results of two groups of patients were compared using Chi square and T test for 
independent samples. At 10 - 13 years, by the Macnab criteria, 20 (63%) had 
excellent 3 (9%) good, 5 (16%) fair and 4 (13%) poor results in the chemonucleolysis 
group and 18 (62%) had excellent 3 (10%) good, 4 (14%) fair and 4 (14%) poor results 
in the surgery group. At 25 - 27 years, 7 (29%) had excellent 8 (33.5%) good, 3(12.5%) 
fair and 6 (25%) poor results in the chemonucleolysis group and 7 (33.5%) had 
excellent, 7 (33.5%) good, 4 (19%) fair and 3 (14%) poor results in the surgery group. 
The mean initial disc height in the chymopapain group was 88,4% compared to 83.1% 
in the surgery patients. In 1995, it was 76.2% and 74.7% respectively, and in 2009, it 
was 62% and 67.2% respectively.  
 
CONCLUSION: The clinical and radiological results at all three time points have shown 
no statistically significant difference between the two groups of patients.  
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P67. USE OF BONE MORPHOGENETIC PROTEINS IN SPINAL FUSION SURGERY FOR 
OLDER ADULTS WITH LUMBAR STENOSIS: TRENDS, COMPLICATIONS, REPEAT 
SURGERY, AND CHARGES  
Deyo, Richard1; Ching, Alex1; Matsen, Laura1; Martin, Brook2; Kreuter, William3; 
Jarvik, Jeffrey3; Angier, Heather1; Mirza, Sohail2 
1Oregon Health and Science University, Portland, OR, US; 2Dartmouth Medical School, 
Hanover, NH, US; 3University of Washington, Seattle, WA, US 

 

INTRODUCTION: Small randomized trials show higher rates of solid fusion with bone 
morphogenetic protein (BMP) than with allograft bone alone, with few complications, 
and in some studies, less revision surgery. However, complication and reoperation 
rates from large cohorts in routine care are unavailable. We examined use of BMP in 
surgery for lumbar stenosis, and compared complications, reoperations, and charges 
for fusions with and without BMP.  
 
METHODS: Retrospective cohort study of Medicare claims (US adults 65 and older). 
We found patients who had fusion surgery for stenosis in 2003 or 2004 (n=15,085). 
We identified factors associated with BMP use; major medical complications; rates of 
rehospitalization in 30 days; and rates of reoperation over 4 year follow-up (through 
2008).  
 
RESULTS: Use of BMP increased from 5.5% of fusion cases in 2003 to 28.1% of fusion 
cases in 2008. Use was greater in patients with previous surgery and in those having 
complex fusions (combined anterior and posterior approach, or greater than 2 disc 
levels). Major medical complications, wound complications, and 30-day 
rehospitalization rates were nearly identical with or without BMP. Reoperation rates 
were also nearly identical, even after stratifying by previous surgery or surgical 
complexity, and adjusting for demographic and clinical features. Adjusted hospital 
charges for operations with BMP averaged $12,000 greater than hospital charges for 
fusions without BMP, but reimbursements under Medicare’s prospective payment 
system were only slightly, and non-significantly, higher for fusions with BMP.  
 
DISCUSSION: In this older population having fusions for lumbar stenosis, uptake of 
BMP was rapid, and greatest among patients with prior surgery or having complex 
fusion procedures. BMP appeared safe in the perioperative period, with no increase 
in major medical complications. Use of BMP was associated with greater hospital 
charges, and was not associated with reduced likelihood of reoperation.  
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P68. PREDICTIVE VALUE OF THE TOKUHASHI SCORING SYSTEMS IN VARIOUS 
ORIGINAL SITES OF SPINAL METASTASES  
Wang, Miao; Li, Haisheng; Hoey, Kristian; Hansen, Ebbe Stender; Niedermann, Bent; 
Helmig, Peter; Wang, Yu; Aras, Efe; Bunger, Cody Eric 
Aarhus University Hospital, Orthopedic Research Lab, Aarhus, Denmark 

 

INTRODUCTION: The life expectancy is one of the most important factors for the 
treatment modality selection in patients with spinal metastases. Tokuhashi et al 
formulated a prognostic scoring system with a total sum of 12 points (T12)for 
preoperative prediction of life expectancy in 1990 and revised it into 15 points (T15). 
we conducted a prospective cohort study of 448 patients from Aarhus Metastases 
Database To determine the predictive value of the T12 and T15 for life expectancy in 
the various groups according to the origin site of spinal metastases.  
 
METHODS: Scores based on the T12 and T15 scoring systems were calculated 
prospectively for each patient. The predictive value of each scoring system, both in 
the entire group and in each subgroup determined by the original tumor site, was 
evaluated by the Log-rank-test. The McNemar’s test was used to evaluate the 
differences in accuracy rates between these two scoring systems. Survival curves 
were estimated using the Kaplan-Meier methods.  
 
RESULTS: For the 448 patients, both the T12 and T15 showed statistically significant 
predictive value (T12 P<0.0001, T15 P<0.0001, Log-rank test). The correlation 
between predicted survival period and real survival was significantly higher in T15 
(P<0.0001, McNemar's test) than it in T12. The further analyses by type of metastases 
showed that the predictive value of T12 and T15 was found in the prostate, breast, 
other tumor group and lymphoma. The accuracy rate of prognosis in T15 was 
significantly higher in those groups with spinal metastases originating from prostate, 
breast, and lung.  
 
DISCUSSION: Both T12 and T15 scoring systems have significant preoperative 
predictive value for the entire vertebral metastases patient group as well as in the 
prostate, breast, lymphoma, and colon tumor groups.The accuracy rate was 
significantly improved in T15 for the total study group and in the subgroups of 
prostate, breast, and lung groups.  
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P69.  SURGICAL SITE INFECTION (SSI) IN SPINAL SURGERY: CLINICAL APPLICATION 
OF ADMINISTRATIVE CLAIMS DATA  
Berven, Sigurd1; Abdul-Jabbar, Amir2; Weber, Michael H1; Okada, Eijiro1; Steven, 
Takemoto1 
1UCSF, Orthopedic Surgery, San Francisco, US; 2UCSF, School of Medicine, San 
Francisco, US 

 

INTRODUCTION: Surgical site infection (SSI) is a major indicator of health care quality. 
A wide range of SSI rates have been proposed in the literature depending on clinical 
setting and procedure type. The objective of this study was to investigate the 
accuracy of using an automated approach to administrative claims data to assess the 
rate and risk factors for surgical site infection in spinal procedures.  
 
METHODS: This study was conducted at a university affiliated tertiary-care medical 
center. All spinal surgeries performed by nine orthopedic and neurosurgeons from 
January 2008- May 2010 were identified using diagnosis related group (DRG), current 
procedural terminology (CPT) and international classification of disease (ICD-9) codes 
and validated through chart review. Rates of SSI and associated risk factors were 
calculated using univariate regression analysis. Odds ratios were calculated through 
multivariate logistic regression.  
 
RESULTS: A total of 2,135 patients were identified. The cumulative incidence of SSI 
was 2.6%. Procedural risk factors associated with a statistically significant increase in 
rates of infection were: involvement of the sacrum (6.0%), fusions greater than 7 
levels (5.9%), operative time longer than 5 hours (4.8%), autologous transfusion 
(7.2%) and hospitalization longer than two weeks (12.8%). Patient based risk factors 
included: overweight/obesity (5.8%), anemia (4.2%) and diagnosis of neoplasm 
(6.7%).  
 
DISCUSSION: Used individually, DRG, CPT and ICD-9 codes do not completely capture 
a patient population. By creating an algorithm using all three coding systems to 
generate both inclusion and exclusion criteria, we were able to analyze a specific 
population of spinal surgery patients within a high volume medical center. Within 
that group, risk factors found to increase infection rates were isolated and can serve 
to focus hospital-wide efforts to decrease surgery-related morbidity and improve 
patient outcomes.  

  



ORAL PRESENTATIONS  

 

 
P70. IATROGENIC DURAL LESIONS IN DECOMPRESSION FOR LUMBAR SPINAL 
STENOSIS  
Strömqvist, Björn1; Strömqvist, Fredrik2; Jönsson, Bo1 
1Skåne University Hospital Lund, Dept of Orthopedics, Lund, Sweden; 2Ljungby 
Hospital, Dept of Surgery, Ljungby, Sweden 

 

INTRODUCTION: Operations within the spinal canal may be afflicted with dural 
lesions. Incidence figures vary from 1 to 17% and are mainly based on retrospective 
studies. Conflicting opinions on whether the long-term outcome of surgery is affected 
exist. The Swedish Spine Register provides a good possibility to study incidence and 
effects in a prospective patient material.  
 
METHODS: A 5-year material of patients undergoing surgery for lumbar spinal 
stenosis, recorded in the Swedish Spine Register, was studied with regards to 
incidence, risk factors and outcome one year postoperatively. Pre- and postoperative 
data, patient-based, include consumption of analgesics, walking distance, VAS pain, 
SF-36, Oswestry score and EQ-5D. The one-year outcome of patients sustaining a 
lesion was compared with that of patients without lesion. Included were 3699 
patients, 935 of whom underwent a fusion in conjunction with a decompression and 
2764 who had decompression only. 44 % were males, Mean age was 65 for fused and 
68 for non-fused patients.  
 
RESULTS: The overall incidence of peroperative dural lesion was 7.4 %, 8.5 % when 
decompression only was performed and 5.5 % in decompression + fusion (p < 0.001). 
Smoking and high age showed a correlation with risk for a lesion whereas previous 
surgery did not. No other preoperative factors were correlated to the occurrence of a 
dural lesion. At one-year follow-up there was no difference in any patient reported 
outcome measures between the patients sustaining and those not sustaining a dural 
lesion peroperatively.  
 
DISCUSSION: In this large prospective study, decompressive lumbar spinal stenosis 
surgery was afflicted with a peroperative dural lesion in 7.4% (5.5 - 8.4%), the lower 
figure representing the incidence when a concomitant fusion was performed. 
Underreporting cannot be excluded. The one-year outcome of the patients sustaining 
a dural lesion was not inferior to that of patients without a lesion.  
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P71. THE RISK FACTORS FOR POSTOPERATIVE SPINAL EPIDURAL HEMATOMA  
Fujiwara, Yasushi; Sumida, Tadayoshi; Manabe, Hideki; Rikita, Takanori; Kobayashi, 
Kenji; Miyauchi, Akira; Fujioka, Yuki 
Hiroshima City Asa Hospital, Hiroshima, Japan 

 

INTRODUCTION: Postoperative spinal epidural hematoma (PEH) is one of the most 
hazardous complications after spine and spinal cord surgery; therefore we 
investigated the patients who underwent revision surgery due to PEH in this institute.  
 
METHODS: Among 5,346 patients who underwent spine and spinal cord surgeries in 
this institute between 2002 and 2009, 33 patients (19 males and 14 females) received 
revision surgery for PEH: 8 patients in the cervical spine, 1 patient in the thoracic 
spine, and 24 patients in the lumbar spine. The time of onset, the symptoms of PEH, 
pre-operative complications, the incidence of revision surgery, the amount of intra-
operative blood loss and the amount of post-operative drainage were investigated.  
 
RESULTS: The total incidence of revision surgery due to PEH was 0.6% (33 of 5,346 
patients). The incidence in each spinal part was 0.4% (8 of 1,951 patients) in the 
cervical spine, 0.4% (1 of 246 patients) in thoracic spine, and 0.8% (24 of 3,149 
patients) in lumbar spine. The onset was on the second day after the surgery in most 
patients. The symptoms of PEH were motor paralysis in 16 of 33 patients and pain in 
29 of 33 patients. Sixteen patients (48%) had preoperative complications, and 5 
patients (15%) had an anticoagulant preoperatively. Among thirteen lumbar PEH 
patients underwent the same primary procedure; a single level lumbar midline 
decompression surgery, the incidence above L3-4 was statistically higher than below 
L4-5. Furthermore, there was no significant difference in the amount of postoperative 
blood loss in comparison to the control group (60 randomly selected non-PEH 
patients who underwent same procedure). However, the amount of postoperative 
drainage in the PEH group was significantly less than the control group.  
 
DISCUSSION: In this study, poor post-operative drainage was a significant factor for 
PEH, and PEH occurred above L3/4 more than below L4/5. (cont’d) 
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P72. DEMONSTRATION OF BMP INHIBITION BY NOGGIN IN AN IN VIVO RODENT 
SPINAL FUSION MODEL: DIFFERENTIAL EFFECTS OF BMP-7, BMP-6 AND MUTATED 
BMP-7  
Jenis, Louis1; Wingard, Jeffrey2; Terwilliger, Ernest2 
1Boston Spine Group, Newton, MA, US; 2Beth Israel Deaconess Medical Center, 
Deaprtment of Medicine, Boston, MA, US 

 

INTRODUCTION: BMP's are a series of cytokines with complex functions. When used 
clinically, supraphysiologic doses of BMP are necessary to enhance bone formation in 
humans. This requirement is hypothesized to result from induction of elaborate 
intracellular and extracellular negative feedback mechanisms.  
Noggin regulates BMP-mediated osteogenic induction by directly binding to the 
protein and blocking its attachment to cell surface receptors. There is limited in vivo 
evidence of the antagonistic effect of noggin on BMPs in spinal fusion. This study 
compares the efficacy of noggin to down regulate the osteoinductive capacities of 
BMP-7 and BMP-6, as well as two modified forms of BMP-7 hypothesized to confer 
resistance to noggin by eliminating its ability to bind the protein.  
 
METHODS: Bilateral L5-L6 posterolateral exposure was performed in 30 Sprague-
Dawley rats. On one side of the spine, BMP-7,-6 or one of the 2 modified forms (10 μg 
) was added to the AAV-Noggin. An equivalent volume of a mock AAV preparation 
was placed on the control side with BMP. In this way, each rat included its own 
internal negative control. At five weeks, each rat underwent micro CT analysis for 
volumetric assessment of bone formation.  
 
RESULTS: With BMP-7, there was a 50% decrease in bone volume with AAV delivering 
noggin (30mm3 vs. 15mm3; p=0.0138). The effect of noggin on BMP-6 was much less 
evident (38mm3 vs. 32mm3, p=NS). The modified BMP-7 proteins (residues 80-120 
were replaced with the corresponding residues of BMP-6; and BMP-7 modified by the 
60th residue exchanged from Glutamic Acid to Lysine). Both modifications were seen 
to confer resistance to noggin and exhibited comparable amounts of bone formation 
in the presence of the inhibitor.  
 
DISCUSSION: The results confirm the in vivo sensitivity of BMP-7 to noggin. 
Modifications to BMP-7 based on modeling comparisons with BMP-6 strengthened 
the resistance to noggin without impeding its osteoinductive capabilities.  
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P73. COLLAGEN-FREE POLYELECTROLYTE COATED MICRO-CARRIERS OF RHBMP-2 
ENHANCED POSTEROLATERAL SPINAL FUSION IN RATS  
Abbah, Sunny Akogwu; Goh, C.H. James; Wong, Hee-Kit 
National University of Singapore, Department of Orthopaedic Surgery, Singapore, 
Singapore

 

INTRODUCTION: Bone regeneration with growth factors represents an outstanding 
achievement in modern orthopaedic practice. However, contemporary clinical 
applications require exceedingly large doses. Collagen carriers have failed to 
sufficiently modulate in vivo release of these proteins. In the present study, we 
hypothesize that multiple coatings of alternating polycation (poly-L-ornithine or PLO) 
with polyanaion (heparin) layers on hydrogel matrices fabricated from sodium 
alginate would enhance in vivo activity of recombinant human bone morphogenetic 
protein 2 (rhBMP-2).  
 
METHODS: A total of 32 SD rats were randomized into four equal groups for L4/5 
posterolateral spinal arthrodesis viz: I) Polyelectrolyte coated microbeads + 1 µg 
rhBMP-2; II) Collagen carriers + 1 µg rhBMP-2; III) Uncoated beads + 1 µg rhBMP-2; 
IV) Polyelectrolyte coated beads alone. All animals were euthanized at six weeks and 
evaluated for fusion by manual palpation, plain x-ray, microcomputed tomography, 
histology, and biomechanical testing.  
 
RESULTS: In vitro evaluation revealed that a thin coating layer of polycation (PLO) on 
the microbead enhanced polyanaion (heparin) uptake by as much as 7 folds. In vivo, 
the bone volume fraction of fusion mass was significantly higher in Group I than in 
Groups II-IV (p<0.01). This translated to significantly higher segmental stiffness in 
group I compared to Groups II-IV (p<0.01).  
 
DISCUSSION: The clinical efficacy of rhBMP-2 is highly dependent on carrier vehicles. 
The microcarrier system developed in this study is based on the high affinity of 
heparin for several growth factors including VEGF and BMPs. Besides, the relative 
ease of ionic binding between heparin and polycations eliminates the need for 
organic solvents that could be detrimental to the bioactivity of this cytokine. The 
results of this study demonstrate that this collagen-free microcarrier system 
amplified in vivo activity of rhBMP-2 in spinal fusion.  

  



ORAL PRESENTATIONS  

 

 
P74. SUCCESSFUL SPINAL FUSION BY E. COLI-DERIVED BMP-2-ADSORBED POROUS 
Β-TCP GRANULES  
Dohzono, Sho; Imai, Yuuki; Nakamura, Hiroaki; Wakitani, Shigeyuki; Takaoka, Kunio; 
Terai, Hidetomi; Suzuki, Akinobu; Yamada, Kentaro; Matsumoto, Tomiya; Yasuda, 
Hiroyuki; Takahashi, shinji; Tsukiyama, Kuniaki 
Department of Orthopaedic Surgery Osaka City University Graduate School of 
Medicine, Osaka, Japan

 

 INTRODUCTION: One problem associated with clinical application of CHO-derived 
recombinant human bone morphogenetic protein (C-BMP-2) is its high cost due to 
the need for use of high doses. To solve this problem, Escherichia coli-derived BMP-2 
(E-BMP-2) has been examined using the technique of molecular unfolding and 
refolding. However, it is unclear whether the characteristics of E-BMP-2 are 
appropriate for clinical application. We examined E-BMP-2 adsorbed porous β-TCP 
granules could achieve posterolateral lumbar fusion in a rabbit model similar to 
autogenous bone grafts. 
 
METHODS: We used 68 New Zealand white rabbits in this experimental study. Of 
these, 52 rabbits were equally divided into four groups (13 per group) by dose of E-
BMP-2 (5, 15, 50, or 150 µg) adsorbed to β-TCP granules. Eight rabbits were used as 
negative controls (implantation of β-TCP granules alone without E-BMP-2) and the 
remaining eight were had only autogenous bone grafting. Postero-lateral lumbar 
spinal fusion was performed with autogenous bone or β-TCP granules adsorbed with 
several different doses of E-BMP-2. Lumbar spinal fusion masses were evaluated by 
3-D computed tomography, biomechanical testing performed by a three-point 
flexion-bending and histological analyses 8 weeks after surgery.  
 
RESULTS: E-BMP-2-adsorbed β-TCP granules achieved lumbar spinal fusion in dose-
dependent fashion. It was confirmed by biomechanical testing that E-BMP-2-
adsorbed porous β-TCP granules has almost equal efficacy in rabbit lumbar spinal 
fusion to autogenous bone graft. Histological examination stained by H-E revealed 
that E-BMP-2 adsorbed β-TCP granules achieved fusion between transverse processes 
as well as autogenous bone graft. 
 
DISCUSSION: Our findings suggest E-BMP-2-adsorbed porous β-TCP could be a novel, 
effective alternative to autogenous bone grafting for generating new bone and 
promoting regenerative repair of bone, and potentially utilizable in the clinical setting 
for the treatment of spinal disorders.  
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P75. CHANGES IN 3D ENDPLATE GEOMETRY ASSOCIATED WITH DISC 
DEGENERATION  
Espinoza Orias, Alejandro A.1; LaBelle, Mark2; An, Howard S.1; Andersson, Gunnar, 
B.J.1; Inoue, Nozomu1 
1Rush University Medical Center, Orthopaedic Surgery, Chicago, IL, US; 2Northwestern 
University, Biomedical Engineering, Evanston, IL, US 

 

INTRODUCTION: The load applied to the vertebral body is distributed evenly to the 
annulus fibrosus (AF) through hydrostatic pressure generated in the nucleus pulposus 
(NP). It has been postulated that load transmission sifts from NP to AF as disc 
degeneration (DD) progresses. It has also been hypothesized that alteration of load 
transmission affects geometry of the endplates. The aims of this study were to 
measure 3D geometry of the endplate in vivo and investigate correlation between 
the 3D geometry of the endplate and DD.  
 
METHODS: 3D surface models of inferior/superior lumbar endplates were created 
from CT scans (IRB-approved) of 92 volunteers (50M/42F, 37.7±9.8 y.o,). Disc height-
distribution was calculated using a least-distance algorithm. The mid-disc plane 
projection was subdivided into 4 peripheral anatomical quadrant zones (AF: anterior, 
posterior, two lateral), and a central zone (NP) contained within an elliptical contour 
drawn at 60% of the diagonal. Endplate concavity was described by: Coronal 
concavity = Central zone/average of lateral zones and Sagittal concavity = Central 
zone/average of anterior and posterior zones; a value of 1 implies flat surface, a value 
>1 depicts concavity and a value <1 depicts convexity. DD was evaluated by MRI with 
Pfirrmann's scale.  
 
RESULTS: Coronal and sagittal concavities with DD grade 5 were significantly lower 
than those with DD grades 1, 2, 3 and 4. Sagittal concavity with DD grade 4 was 
significantly lower than that with DD grades 2 and 3. Values of concavity with DD 
grade 5 were less than 1, indicating endplates with DD grade 5 have convex 3D 
geometry.  
 
DISCUSSION: This study supports the theory of load shift from NP to AF associated 
with DD by evaluating 3D curvature of endplates. In vivo measurement of the 3D 
geometry of the endplate may be useful diagnostic method to estimate alternation of 
load transmission with DD.  
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P76. ACCELERATED 'CREEP' DEFORMATION OF HUMAN VERTEBRAE  
Luo, Jin1; Pollintine, Phillip2; Dolan, Patricia2; Adams, Michael2 
1Roehampton University, London, UK; 2University of Bristol, Bristol, UK 

 

INTRODUCTION: Vertebral deformities are usually attributed to fracture, even if 
there is no evidence of trauma. However, bone is known to deform continuously 
(“creep”) under constant load, and we hypothesise that a combination of creep and 
minor injury can explain vertebral deformity in-vivo.  
 
METHODS: Forty-five thoracolumbar spine specimens were tested from cadavers 
aged 42-92 yrs. Each specimen contained two or three vertebrae and the intervening 
discs and ligaments. Vertebral body areal bone mineral density was measured using 
DXA. A constant 1 kN compressive force was applied for 30 minutes, while the 
anterior, mid, and posterior height of each vertebral body was measured using a 
MacReflex optical tracking system. After 30 minutes recovery, each specimen was 
subjected to controlled compressive overload, sufficient to damage an endplate and 
adjacent trabeculae, while reducing the height of the vertebrae-disc specimen by less 
than 5 mm. The creep test was repeated.  
 
RESULTS: Vertebral creep was greater anteriorly than posteriorly (p<0.001) so that 
vertebrae slowly developed an anterior “wedge” deformity. Induced vertebral 
damage reduced specimen height by 2.24 mm (STD 0.77 mm) although damage was 
so slight that it was not discernible on 40% of radiographs. Nevertheless, it was 
sufficient to increase vertebral body creep by 800% (anteriorly), 1000% (centrally) 
and 600% (posteriorly). In 34 vertebrae for which there was complete before-and-
after data, anterior wedging during 30 minutes of loading increased from 0.07° (STD 
0.17°) before damage, to 0.79° (STD 1.03°) after damage (P<0.001). Wedging angle 
during creep increased in proportion to the severity of damage, as quantified by 
height loss (r2=0.51, p <0.001, n=34).  
 
DISCUSSION: Accelerated creep in old human vertebrae could make a substantial 
contribution to vertebral deformity in patients with no discernible fracture. Creep 
deformity could possibly be minimised by orthotics, or postural advice.  

  



ORAL PRESENTATIONS  

 

 
P77. ENDPLATE ROUGHNESS IN HUMAN LUMBAR SPINE: LEVEL AND TOPOGRAPHIC 
VARIATIONS  
Xu, Ling1; Bae, Won1; Yamaguchi, Tomonori2; Sah, Robert1; Inoue, Nozomu2; Masuda, 
Koichi1 
1University of California, San Diego, La Jolla, US; 2Doshisha University, Kyoto, Japan 

 

INTRODUCTION: The cartilaginous endplate (CEP) is situated between the avascular 
disc and vertebral body and plays an important role in disc homeostasis. Calcification 
of the CEP hinders nutrient transport, possibly leading to disc degeneration. Animal 
studies have suggested an association between increased roughness of the endplate 
face and disc degeneration. The goal of this study was to determine variations in 
surface roughness of human endplates, with level and topographic regions, using µCT 
imaging of cadaveric specimens.  
 
METHODS: Six lumbar spines from cadavers (55±3.1 y.o., mean±sem; 1 female) were 
obtained and imaged using T2 MRI (Fig.A; TR=2000ms, TE=10~70ms) in axial and 
sagittal orientations. T2 values of the anulus at quadrant regions (Fig.B) were 
determined on axial MR images. Cores were harvested from the corresponding 
regions (Fig.B) on superior and inferior endplates adjacent to L2/3 and L4/5. Cores 
were imaged using µCT (9µm) to determine local surface roughness of the bony 
endplate, using a Matlab routine that subtracted the baseline contour.  
 
RESULTS: Pfirrman grades of discs were 2.2±0.2; no level effect was found (ANOVA 
p=0.4). Roughness (Fig.C) varied by region (p<0.001), but did not vary with level or 
side (each p=0.7). Anterior and posterior regions had roughness values of ~120µm, 
significantly higher compared to ~80µm found in left and right regions (each p<0.05). 
T2 values of the anulus at corresponding regions (Fig.D), ~35ms, did not vary with 
level (p=0.5) or region (p=0.14). There was no correlation between T2 values and 
roughness (p=0.5).  
 
DISCUSSION: Topographic variations in endplate roughness were found in spines with 
mildly degenerated discs. This may reflect intrinsic variations (e.g., vascularity, 
loading), or early degenerative changes. A comparison of this group with one with 
severely degenerated discs could provide insight into the pathogenesis of disc 
degeneration. (cont’d) 
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P78. DIRECT INFILTRATION OF SPINAL NERVES WITH A TNF-Α INHIBITOR 
(ETANERCEPT) TO TREAT SCIATICA IN PATIENTS WITH LUMBAR SPINAL STENOSIS. 
PROSPECTIVE RANDOMIZED STUDY COMPARED WITH DEXAMETHASONE  
Ohtori, Seiji; Miyagi, Masayuki; Eguchi, Yawara; Inoue, Gen; Orita, Sumihisa; 
Ishikawa, Tetsuhiro; Arai, Gen; Kamoda, Hiroto; Suzuki, Miyako; Sakuma, Yoshihiro; 
Kubota, Gou; Oikawa, Yasuhiro 
Chiba University, Chiba, Japan 

 

INTRODUCTION: Tumor necrosis factor alpha (TNF-α) is thought to play a crucial role 
in radicular pain caused by lumbar disc herniation and spinal stenosis. On the other 
hand, intravenous infusion of infliximab for sciatica was examined in 2 studies by a 
Finnish group; however, the results were controversial. The purpose of the current 
study was to examine the effect on radicular pain by direct application of the TNF-α 
inhibitor, etanercept, onto spinal nerves in patients with lumbar spinal stenosis.  
 
METHODS: This study was a prospective randomized study, and 80 low back and 
radicular leg pain patients were investigated. We strictly diagnosed the patients by 
physical examination, X-ray film, and MRI. Spinal nerve infiltration using 2.0ml of 
lidocaine and 10mg of etanercept to affected nerve was performed in 40 patients, 
and 2.0ml of lidocaine and 3.3mg of dexamethasone was used in 40 patients. Low 
back pain, leg pain, and leg numbness were evaluated using a visual analogue scale 
(VAS), and Oswestry Disability Index score (ODI) after spinal nerve infiltration was 
recorded for 1 month and compared. Any adverse events were also evaluated.  
 
RESULTS: Low back pain, leg pain, and leg numbness in the two groups were not 
significantly different before infiltration. Infiltration of etanercept was more effective 
than dexamethasone for leg pain (3 days, 1, 2, and 4 weeks: p<0.05), low back pain (3 
days, 1 and 2 weeks: p<0.05), and leg numbness (3 days, 1 and 2 weeks: p<0.05). No 
adverse event was observed in either group.  
 
DISCUSSION: Our results indicate that direct application of a TNF-α inhibitor to the 
spinal nerve had an effect on pain relief, and produced no adverse event. TNF-α 
inhibitors may be useful tools for the treatment of radicular pain caused by spinal 
stenosis.  
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P79.  CAN PAIN DUE TO LUMBAR SPINE DISEASES BE MEASURED? AN ANALYSIS 
USING MR SPECTROSCOPY  
Yabuki, Shoji; Konno, Shin-ichi; Kikuchi, Shin-ichi 
Fukushima Medical University, Orthopaedic Surgery, Fukushima, Japan 

 

INTRODUCTION: There is considerable difference in pain perception among 
individuals. The purpose of this study was to analyze whether brain magnetic 
resonance spectroscopy (MRS) could quantify pain due to lumbar spine diseases.  
 
METHODS: Six patients complaining of unilateral pain (left side) due to lumbar spine 
diseases were studied (mean age 40 years): 2 with disc herniation, 3 with spinal 
stenosis and 2 with low back pain. Six healthy subjects without pain were used for 
control (mean age 42 years).  
All MRI and MRS were performed with a 3T clinical imaging instrument. High-
resolution sagittal and axial views were used for identification of anterior cingulated 
cortex (ACC), prefrontal cortex (PFC) and thalamus (Th). Proton localized spectra 
were collected using PRESS.  
The value of N-acetyl aspartate (NAA) was measured relative to concentration for 
creatine/phosphocreatine complex (Cr) and choloine (Cho), which is commonly used 
as an internal standard. The NAA/Cr and NAA/Cho in ACC, PFC and Th were compared 
between 2 groups.  
 
RESULTS: On the NAA/Cr and NAA/Cho, there were no statistically significant 
differences between 2 groups in bilateral ACC, PFC and left Th. However, in right Th 
(contralateral side of symptom), NAA/Cr in the subjects (1.29±0.62) was statistically 
significantly lower compared with the control (1.54±0.17) (p<0.05). Also, NAA/Cho in 
the subjects (1.59±0.97) was statistically significantly lower compared with the 
control (1.92±0.16) (p<0.005).  
 
DISCUSSION: Recent pain studies using fMRI, PET and SPECT have shown that 
functional changes occurred in ACC, PFC and Th in patients with chronic pain. In the 
current study, we used MRS for evaluation of lumbar pain. The NAA is localized 
mainly in neuronal cell bodies and has been observed to decrease in many 
neurodegenerative conditions. The result of the current study suggests that lumbar 
pain may be objectively measured by analyzing the decrease of NAA concentration in 
Th.  
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P80.  EFFECT OF ANTI-NGF RECEPTOR (P75 NEUROTROPHIN RECEPTOR) ON PAIN 
BEHAVIOR AND ACTIVATION OF SPINAL GLIA IN THE RAT SCIATIC NERVE  
Izumi, Masaki1; Iwakura, Nahoko1; Ohotori, Seiji1; Ishikawa, Tetsuhiro1; Miyagi, 
Masayuki1; Matsuura, Yusuke1; Murakami, Kenichi1; Eguchi, Yawara1; Kamoda, 
Hiroto1; Suzuki, Miyako1; Suzuki, Takane2; Inoue, Gen3; Kuniyoshi, Kazuki3; Takahashi, 
Kazuhisa3 
1Grad School of Medicine, Chiba University, Orthopaedic Surgery, Chiba, Japan; 2Grad 
School of Medicine, Chiba University, Bioenvironmental Medicine, Chiba, Japan; 3Grad  
School of Medicine, Chiba University, Orthopedic Surgery, Chiba, Japan 

 

INTRODUCTION: Activation of spinal glia, such as microglia and astrocytes, has been 
shown to play an important role in neuropathic pain. In 2010, a clinical trial reported 
that a high-affinity nerve growth factor (NGF) receptor inhibitor is efficacious for 
severe knee osteoarthritis and low back pain, but there were several adverse events 
such as infection. The low-affinity NGF receptor, p75 neurotrophin receptor (p75NTR) 
is an important pain mediator. The purpose of this study was to examine the effect of 
p75NTR on pain behavior using gait analysis (CatWalk) and expression of spinal glia in 
a rat sciatic nerve crush model.  
 
METHODS: The sciatic nerve was pinched and 10 μl of a p75NTR inhibitory antibody 
or 10 μl of saline was applied. The sciatic nerve in the sham-operated group was 
uninjured. Pain behavior was analyzed for 2 weeks using CatWalk Gait analysis. 
Activation of astrocytes and microglia was immunohistochemically examined in spinal 
cord using anti-GFAP and anti-Iba1 antibodies on days 4 and 14 post-surgery. Adverse 
events (e.g., infection, weight loss, and constipation) were evaluated.  
 
RESULTS: Increased pain behavior was found in nerve-injured groups but not in 
sham-operated group (p<0.01); however, pain magnitude was reduced after 
application of p75NTR inhibitory antibody. GFAP-immunoreactive astrocytes and 
Iba1-immunoreactive microglia were significantly activated in nerve-injured groups 
compared with sham-operated group (p<0.01), but p75NTR inhibitory antibody 
decreased activation of both glial cell populations (p<0.05). There were no adverse 
events in any groups.  
 
DISCUSSION: Our results suggest that a nerve-crush model induced pain behavior 
and activation of spinal glia. Application of p75NTR inhibitory antibody to the pinched 
sciatic nerve suppressed pain and activation of astrocytes and microglia at dorsal 
horn without adverse events. Inhibition of the NGF-p75NTR pathway could be a 
therapeutic target for pain without adverse clinical events.  
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P81. SENSORY AND MOTOR DEFICIT FOLLOWING TRANS-PSOATIC LATERAL LUMBAR 
INTERBODY FUSION  
Pumberger, Matthias; Kotwal, Suhel; Gogia, Jaspaul; Lebl R, Darren; Abjornson, 
Celeste; Gary A, Fantini; Alexander P, Hughes; Andrew, Sama; Frank P, Cammisa; 
Frederico P, Girardi 
Hospital for Special Surgery, New York, US 

 

INTRODUCTION: Lateral lumbar interbody fusion (LLIF) as a minimally-invasive 
technique has gained growing interest in recent years. However, one of the 
restrictions of this procedure remains the unknown incidence of sensory and/or 
motor deficit following a transpsoatic approach. We seek to identify the incidence 
and nature of neurological events following these procedures.  
 
METHODS: We performed a retrospective review of all patients undergoing LLIF 
between 2006-2009. Patient charts were reviewed for demographics, medical co-
morbidities, subjective neurological complaints, and physical exam findings at the 
following time points: preoperative, peri-operative, and post-operatively at 6 weeks, 
3 months, 6 months, and at 12 months. Post-operative dermatome specific deficits 
were correlated to the side and level of approach, cage sizes, numbers of levels 
fused, length of surgery, and bone graft material employed.  
 
RESULTS: A total of 278 patients (159 female and 119 male) underwent LLIF surgery 
at our institution with a total of 528 levels fused. Average age 62 years (range 18-88) 
and mean BMI was 28.2 (range 17.4-46.0). At six weeks, 114 patients (41%) 
experienced thigh pain, 44 (16%) had sensory and 73 (26%) had motor deficit. At 
three months, 43 (16%) had thigh pain, 21 (8%) had sensory and 37 (13%) had a 
motor deficit. At six months, 11 (4%) had thigh pain, 13 (5%) had sensory and 26 (9%) 
had a motor deficit. At twelve months, 7 (2.5%) had thigh pain, 7 (2.5%) had sensory 
and 13 (5%) had a motor deficit. Neither age nor sex was correlated with neurological 
injury. 
 
DISCUSSION: LLIF remains a valuable tool for achieving fusion through a minimally 
invasive approach with little risk to neurovascular structures. Approach related mild 
hip flexor weakness remains a common postoperative deficiency. On surgeon has to 
be aware of the increased risk of persistent injury if the factors above were taken into 
account.  
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P82. OUTCOME AND COMPLICATIONS OF PEDICLE SUBTRACTION OSTEOTOMY IN 
CASES WITH SINGLE VERSUS TWO ATTENDING SURGEONS  
Sassan, Keshavarzi; Deviren, Vedat; Ames, Christopher 
University of California San Francisco, San Francisco, US 

 

INTRODUCTION: Pedicle subtraction osteotomy (PSO) is commonly employed for the 
correction of sagittal balance in the adult population. These are challenging cases 
with high rates of complications and a substantial physiological burden to the patient. 
In this report we evaluate the surgical outcomes bases on a single versus two surgeon 
strategy.  
 
METHODS: Retrospective review of 75 cases of PSO performed at our institution from 
2005 to 2010. Patients were divided into two groups: those performed with single 
attending surgeons and those performed by the two senior authors (CPA and VD).  
 
RESULTS: 75 cases of PSO (36 single surgeon and 38 two surgeon) cases were 
reviewed. The mean number of levels of posterior spinal fusion (8.82 vs 8.05) and 
spinal decompression (2.71 vs. 3.18) were comparable. The mean estimated blood 
loss for the single surgeon surgeries was 4604 ml vs. 1970 ml for surgeries involving 
two surgeons (P-value<0.0003). The average surgical time for the single surgeon 
surgeries was 432 min (7.21 hrs) vs. 291 min (4.85 hrs) for the surgeries involving two 
surgeons (P-value <0.0001).  
 
DISCUSSION: Surgeries involving PSO can be complex and challenging. There can be a 
substantial physiological burden and risk to these patients. In such complex cases it is 
to the patients benefit to have two experienced surgeons working simultaneously, 
reducing the operating time and blood loss. Reduction of operating time and blood 
loss has been previously reported to reduce the rate of infection and other medical 
complications. We are currently in the process of gathering this data on our two 
surgeon PSO patients and will report these outcomes in the future.  
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P83. SINGLE-, 2-, AND 3-LEVEL INSTRUMENTED POSTEROLATERAL FUSION OF THE 
LUMBAR SPINE WITH A LOCAL BONE GRAFT: A PROSPECTIVE STUDY WITH A 2-YEAR 
FOLLOW-UP  
Inage, Kazuhide; Ohtori, Seiji; Koshi, Takana; Suzuki, Munetaka; Yamashita, 
Masaomi; Yamauchi, Kazuyo; Inoue, Gen; Orita, Sumihisa; Eguchi, Yawara; Ishikawa, 
Tetsuhiro; Arai, Gen; Miyagi, Masayuki; Kamoda, Hiroto; Takahashi, Kazuhisa 
Chiba University, Department of Orthopaedic Surgery, Chiba, Japan 

 

INTRODUCTION: The iliac crest bone graft technique for lumbar posterolateral fusion 
surgery is widely used; however, donor site problems such as pain and sensory 
disturbance have been reported. Local bone has been used for fusion surgery; 
however, its reliability as a graft for multiple segments has not been fully reported.  
 
METHODS: One hundred twenty-two patients diagnosed with degenerated 
spondylolisthesis were divided into 3 groups (spondylolisthesis at 1 level (n = 42), at 2 
levels (n = 40), and at 3 levels (n = 40)). All patients underwent decompression and 
instrumented posterolateral fusion with a local bone graft. The amount of bone graft, 
proportion of patients with (rate) and duration of bone union, visual analog scale 
(VAS) score, Japanese Orthopedic Association (JOA) score, and Oswestry Disability 
Index (ODI) were evaluated before and 2 years after therapy.  
 
RESULTS: VAS score, JOA score, and ODI were not significantly different among the 3 
groups before and after surgery (P > 0.05). Average amount of local bone graft used 
for one segment significantly decreased in proportion to the number of fusion levels 
(P < 0.05). The rate of bone union was 88% in the single-level group, 85% in the 2-
level group, and 62.5% in the 3-level group, which was significantly lower than that in 
the single- and 2-level groups (P < 0.05).  
 
DISCUSSION: If single- and 2-level posterolateral fusion were performed, the local 
bone graft technique provides a good and uniform bone union rate; however, for 3-
level fusion poor results were obtained because of an insufficient amount of local 
bone. 
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SP1. THE RELATIONSHIP BETWEEN DEGENERATIVE LUMBAR SCOLIOSIS AND LOW 
BACK PAIN IN PATIENTS WITH LUMBAR SPINAL STENOSIS - A COHORT STUDY  
Watanabe, Kazuyuki; Otani, Koji; Onda, Akira; Nikaido, Takuya; Yabuki, Shoji; Kikuchi, 
Shin-ichi; Konno, Shin-ichi 
Fukushima Medical University, Department of Orthopaedic Surgery, Fukushima city, 
Japan 

 

INTRODUCTION: It is not clear whether fusion is needed or not for surgical treatment 
for lumbar spinal stenosis (LSS) with degenerative lumbar scoliosis. The purpose of 
this study was to investigate the relationship between degenerative lumbar scoliosis 
and low back pain (LBP) in the LSS patients before and after decompression alone.  
 
METHODS: The objectives were 184 consecutive patients with LSS who received 
decompression without fusion. The objectives were divided into two groups with 
degenerative scoliosis (defined as cobb angle >10°) and without scoliosis. Numerical 
rating scales (NRS:0-10) of LBP, leg pain, leg numbness, and Roland-Morris disability 
questionnaire (RDQ) were evaluated before and 1 year after surgery prospectively. 
Satisfaction rate (unsatisfied: 0 - very satisfied: 10) was evaluated 1 year after 
surgery. Statistical analysis was performed by Mann-Whitney's U test and chi square 
test. A p value less than 0.05 was considered significant.  
 
RESULTS: Forty patients had degenerative scoliosis and 144 patients had no scoliosis. 
The average of cobb angle was 16.7±8. There were no significant differences in 
preoperative LBP, leg pain, leg numbness, and RDQ. One year after surgery, NRS of 
LBP was 3.4±3 in the scoliosis group and significantly higher than 1.9±3 of the no 
scoliosis group (p<0.05). The scoliosis group was divided into two groups according to 
the cobb angle; moderate curve (over 15°) and mild curve (under 15°) . Preoperative 
RDQ score was 32.4±7 in the moderate curve, and significantly lower than 39.7±5 of 
the mild curve (p<0.01).  
 
DISCUSSION: The outcomes of decompression for LSS were almost same in the 
patients with or without degenerative scoliosiss. However, postoperative LBP in the 
LSS patients with scoliosis was more severe than the patients without scoliosis. In 
Addition, degenerative scoliosis over 15° related to lower RDQ score. Therefore, 
severe scoliosis was considered to relate to severe functional disorders due to LBP.  
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SP2. VALIDATION OF THE ESTIMATION OF PHYSIOLOGIC ABILITY AND SURGICAL 
STRESS (E-PASS) IN THORACOLUMBAR INSTRUMENTED SPINE SURGERY FOR 
ELDERLY PATIENTS  
Togawa, Daisuke; Kanayama, Masahiro; Shigenobu, Keiichi; Oha, Fumihiro; Yamada, 
Katsuhisa; Hashimoto, Tomoyuki 
Hakodate Central General Hospital, Spine Center, Hokkaido, Japan 

 

INTRODUCTION: The Estimation of Physiologic Ability and Surgical Stress (E-PASS) 
scoring system is comprised of a preoperative risk score (PRS), a surgical stress score 
(SSS), and a comprehensive risk score (CRS) determined by PRS and SSS. E-PASS 
scoring system was established to predict postoperative risk by quantifying the 
patients preoperative general condition and surgical stress in general surgery. The 
purpose of this study was to evaluate the usefulness of this scoring system for 
thoracolumbar instrumented spine surgery in elderly patients.  
 
METHODS: Forty-one patients with the age over 80 (15 male, 26 female, average age 
81(80-94)) underwent instrumented thoracolumbar spine surgery between January 
2009 and June 2010. General condition in these 41 patients evaluated by the 
American Society of Anesthesiology physical status (ASA PS) were all in Class 2. The 
pathologies of these patients included spinal canal and foraminal stenosis in 13 cases, 
spondylolisthesis in 11 cases, degenerative scoliosis in 7 cases, vertebral collapse in 4 
cases, thoracic dislocation fractures due to ankylosing spinal hyperostosis (ASH) in 2 
cases, burst fracture in 2 cases, lumbar isthmic spondylolisthesis and spinal instability 
after pyrogenic discitis in 1 case, respectively. PRS, SSS, and CRS of E-PASS was 
calculated in each patient and evaluated whether the E-PASS score predicted the 
incidence of postoperative complication.  
 
RESULTS: Average PRS, SSS, and CRS in this series were 0.888, 0.067, and 0.515, 
respectively. There were 4 cases (10%) with postoperative complications (1 
pneumonia, 1 deep infection, 1 dural tear, 1 cerebral infarction). PRS, SSS, and CRS 
was 1.138, 0.571, and 1.294 in pneumonia case, and 1.063, 0.840, and 0.815 in 
cerebral infarction case, both were significantly higher scores than those of the cases 
without complications.  
 
DISCUSSION: The E-PASS seems to effectively predict morbidity after instrumented 
thracolumbar surgery in elderly patients.  
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SP3. ENHANCED ACTIVATION OF THE POSTERIOR CINGULATE CORTEX BY LUMBAR 
MECHANICAL STIMULUS IN CHRONIC LOW BACK PAIN PATIENTS: AN FMRI STUDY  
Yoshida, Katsuhiro1; Kurata, Jiro2; Matsuo, Yohei3; Yamazaki, Hidekazu4; Kouta, 
Takashi4; Sekiguchi, Miho1; Konno, Shin-ichi1 
1Fukushima Medical University, Orthopaedic Surgery, Fukushima City, Japan; 2Kyoto 
University, Anesthesia, Kyoto city, Japan; 3Fukushima Medical Yniversity, Orthopaedic 
Surgery, Fukushima City, Japan; 4Southern Touhoku General Hospital, Radiology, 
Fukushima City, Japan 

 

INTRODUCTION: We previously reported that chronic low back pain (cLBP) patients 
showed more widespread areas of cerebral activation in response to mechanical pain 
stimulus at the lower back using functional MRI (Kobayashi Y. Spine 2008). In the 
present study, we tested a hypothesis that the blood oxygenation level-dependent 
(BOLD) amplitude of such activation might depend on pain intensity and also be 
larger in cLBP patients than in healthy subjects.  
 
METHODS: Six cLBP and seven healthy volunteer subjects were enrolled in this study. 
Each subject was placed in the prone position on a 3-Tesla MRI scanner, and 
stimulated by manual pressure at 5 cm left of the fourth-fifth lumbar spinal 
interspace. Three blocks of 30-second painful stimulus at 300, 400, or 500 kPa were 
applied with 30-second intervening rest conditions during the whole-brain echo-
planar imaging. Pain intensity and unpleasantness were evaluated after each session. 
Cerebral activation was examined across subjects using a general linear model and 
Bonferroni's multiple comparisons at p < 0.05. The BOLD signal amplitudes of 
activated clusters were further analyzed and compared between the groups.  
 
RESULTS: Pain intensity and unpleasantness at each stimulus did not differ between 
cLBP and healthy subjects. The LBP-related activation was found at the bilateral 
posterior cingulate (PCC), right insular, right prefrontal cortices, right supplementary 
motor, and bilateral premotor areas. In the cLBP subjects, only the PCC activation 
correlated with stimulus intensity, and showed a significantly larger BOLD amplitude 
at each stimulus intensity than in the healthy subjects (p < 0.05).  
 
DISCUSSION: Despite the equal psychophysical responses to pain, the strength of PCC 
activation was found to distinguish between the cLBP and healthy subjects. 
Hyperactivity of the PCC might possibly be involved in the cerebral plastic changes 
underlying the pathogenesis of cLBP, and thus potentially serve as a biomarker for 
cLBP  
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SP4. EVALUATION OF THE QUALITY OF LIFE OF PATIENTS WITH LUMBAR SPINAL 
STENOSIS USING THE JAPANESE ORTHOPAEDIC ASSOCIATION BACK PAIN 
EVALUATION QUESTIONNAIRE  
Hideki, Iizuka; Keisuke, Takahashi; Tetuya, Torio; Fuminori, Saito; Kohei, Kawamura; 
Yoshitomo, Okano 
Saitama Medical School, Orthopaedic Surgery, Saitama, Japan 

 

INTRODUCTION: The Japanese Orthopaedic Association has developed a new 
Japanese Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ) to 
evaluate low back pain. This score includes five categories (low back pain, lumbar 
function, walking ability, social life function, and mental health), 25 items selected 
from the Roland Morris Disability Questionnaire and Short Form 36 (SF-36). It has 
been suggested that the patients with lumbar spinal stenosis (LSS) had a negative 
impact on all eight general health scales of the SF-36, the greatest negative impact 
was seen in physical health. The JOABPEQ has selected items compared with SF-36, it 
is easier to evaluate QOL. The purpose of this study is to evaluate the QOL of patients 
with LSS using the JOABPEQ.  
 
METHODS: One hundred twenty eight patients with LSS (73 males and 55 females, 
from 53 to 82 years old, an average of 69.3) were studied. LSS was diagnosed by 
characteristic symptoms, physical findings and MRI. The score of JOABPEQ (from 0 to 
100, with 0 indicating the worst score) was compared with clinical and radiological 
findings in each patient.  
 
RESULTS: The median JOABPEQ scores in 128 patients with LSS were, for low back 
pain, 43; lumbar function, 67; walking ability, 29; social life function, 38; and mental 
health, 42; the walking ability score was remarkably decreased. There were no 
significant differences in the JOABPEQ scores between males and females. The score 
of patients with cauda equina symptoms was lower as compared with radicular 
symptoms. The score of patients who had multiple level stenosis or spondylolisthesis 
was lower than single level stenosis or without spondylolisthesis.  
Conclusions: The JOABPEQ scores in patients with LSS demonstrated low QOL, 
especially walking ability. The QOL was lower in the group of cauda equina type, 
multiple level stenosis and spondylolisthesis 
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SP5. CHARACTERISTICS OF LUMBAR EXTENSOR MUSCLE SIZE AND STRENGTH IN 
WOMEN WITH LUMBAR DEGENERATIVE DISEASES SCHEDULED FOR FUSION 
SURGERY 
Chong-Suh, Lee; Sung-Soo, Chung; Kyung-Chung, Kang; Se-Jun, Park 
Samung Medical Center, Seoul, Republic of Korea 

 

INTRODUCTION: Back muscle strength has been considered to have an important 
role in patients with lower back pain and functional disabilities. However, there still 
remain controversies for exact measurement of muscle strength and correlations 
between back muscle strength and radiographic or clinical parameters.  
 
METHODS: 74 female patients, who consecutively underwent posterior lumbar 
interbody fusion due to lumbar degenerative disease, were recruited and data was 
collected prospectively before surgery. Mean age was 66 years (range, 46~72). Back 
muscle strength was evaluated by measuring isometric strength using a MedX lumbar 
instrument at 7 angles (0~72°). Cross-sectional area (CSA) of back extensor muscle 
was measured at intervertebral disc levels between L1-2 to L5-S1 and total sum of all 
CSAs was calculated. Body weight, body mass index (BMI), percent body fat and 
waist-hip ratio were obtained and Oswestry Disability Index (ODI) and visual analogue 
scale (VAS) were also evaluated. Correlation and comparison analyses were 
performed.  
 
RESULTS: Isometric strength was associated with total sum of CSA of back extensor 
muscle and mainly with CSA of upper lumbar back muscle from L1-2 to L3-4. 
Isometric strength at most of the angles showed significant correlations with ODI 
negatively, but not with VAS. Also, patients' age was negatively associated with 
isometric strength at 12~60° angle. Body weight and BMI were associated with 
isometric strength, especially at higher angle (48~72°) and percent body fat was also 
associated with isometric strength at higher angle.  
 
DISCUSSION: Within our results, isometric strength was positively associated with 
CSA of back extensor muscle, especially in upper lumbar level and negatively 
associated with ODI. Back muscles of upper lumbar level might have an important 
role in female patients with lumbar degenerative disease.  
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SP6. INTRADISCAL INJECTION OF COX-2, BUT NOT COX-1 INHIBITOR REDUCES CGRP 
EXPRESSION IN DORSAL ROOT GANGLION NEURONS INNERVATING INJURED 
INTRAVERTEBRAL DISKS IN RATS  
Fujimaki, Haruka; Miyagi, Masayuki; Ishikawa, Tetsuhiro; Kamoda, Hiroto; Eguchi, 
Yawara; Arai, Gen; Suzuki, Miyako; Kubota, Gou; Sakuma, Yoshihiro; Oikawa, 
Yasuhiro; Inoue, Gen; Ohtori, Seiji; Takahashi, Kazuhisa 
Department of Orthopaedic Surgery, Graduate School of Medicine, Chiba University, 
Chiba, Japan 

 

INTRODUCTION: Prostaglandins are known to be produced by two forms of 
cyclooxygenase (COX): COX-1, which is constitutively expressed in most tissues and 
organs, and COX-2, an inducible enzyme localized primarily in inflamed cells and 
tissues. The purpose of the current study was to investigate the efficacy of direct 
intradiscal injection of COX-1 or COX-2 inhibitors in affecting expression of a 
neuropeptide marker of inflammatory pain (CGRP) in dorsal root ganglion (DRG) 
neurons innervating injured intravertebral disks in rats.  
 
METHODS: The neurotracer Fluoro-Gold was applied to the surfaces of L5/6 disks to 
label their innervating DRG neurons in 40 Sprague Dawley rats. Ten rats were sham 
operated, whereas the other 30 were the experimental model (disks were punctured 
with a 24-gauge needle). Saline or COX-1 or COX-2 inhibitors were applied 
simultaneously with the injury (n=10 each group). Seven days after surgery, DRGs 
from L1 to L6 were harvested, sectioned, and immunostained for CGRP. The 
proportion of CGRP-immunoreactive (IR) DRG neurons among all FG-labeled neurons 
was calculated for each group.  
 
RESULTS: FG-labeled DRG neurons innervating the L5/6 disks were distributed from 
L1 to L6 levels, peaking at L2 (p<0.05). The proportions of CGRP-IR neurons were 
31.2% (sham group), 58.5% (saline group), 54.9% (COX-1 group), and 41.1% (COX-2 
group). CGRP expression was significantly increased in the saline group compared 
with the sham group. CGRP expression was significantly decreased in the COX-2 
group compared with the saline group (p<0.05). However, the expression of CGRP 
between the saline and COX-1 groups was not significantly different (p>0.05).  
 
DISCUSSION: CGRP was upregulated in DRG neurons innervating the punctured disk. 
While intradiscal injection of COX-1 inhibitor did not suppress CGRP expression in the 
DRG neurons, injection of COX-2 inhibitor suppressed CGRP expression. Selective 
COX-2 inhibition may be valuable to treat inflammatory pain.  
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SP7. FACTORS AFFECTING THE OCCURRENCE OF POSTOPERATIVE PULMONARY 
EMBOLISM FOLLOWING SPINAL SURGERY DATA FROM THE JAPANESE DIAGNOSIS 
PROCEDURE COMBINATION DATABASE  
Masuda, Kazuhiro1; Hara, Nobuhiro1; Chikuda, Hirotaka1; Takeshita, Katsushi1; 
Yasunaga, Hideo2; Horiguchi, Hiromasa2; Matsuda, Shinya3; Nakamura, Kozo1 
1The University of Tokyo, Department of Orthopaedic Surgery, Faculty of Medicine, 
Tokyo, Japan; 2The University of Tokyo, Department of Health Management and 
Policy, Graduate School of Medicine, Tokyo, Japan; 3The University of Occupational 
and Environmental Health, Department of Preventive Medicine and Community 
Health, Fukuoka, Japan 

 

INTRODUCTION: Postoperative pulmonary embolism (PE) is a rare but life-
threatening disease in spinal surgical patients. There have been several studies 
reporting national outcomes for PE following spinal surgery in the US and European 
countries. However, the period of hospitalization is shorter in those countries, thus 
patients spend most of the period at PE risk outside the hospital. The number of PE 
patients might, therefore, have been underestimated. The aims of this study were to 
examine the occurrence of postoperative PE after spinal surgery, and to analyze the 
association between various possible risk factors and the occurrence of PE, using a 
nationally representative database in JAPAN. 
 
METHODS: We identified patients from the Diagnosis Procedure Combination (DPC) 
database, who had had a diagnosis of canal stenosis, disc herniation, spondylosis, or 
spondylolisthesis, and who underwent spinal surgery from July to December, 
between 2007 and 2008. Various baseline characteristics that potentially affect the 
occurrence of postoperative PE were identified from the database. 
 
RESULTS: A total of 45,690 patients were identified, and the overall rate of PE was 
0.08%. Four patients died of PE. Increased risk for PE was associated with an age 
beyond 70 years (P<0.007), and anesthesia administered for more than 360min 
(P<0.002).  
 
DISCUSSION: The main strengths of our study were the number of patient admissions 
analyzed and the fact that our data were derived from a nationally representative 
sample of hospitals. Several limitations of the study, however must be acknowledged. 
Firstly, the present study was based on retrospective observational survey, thus, the 
patient allocation was non-randomized. Secondly, we were unable to identify non-
diagnosed, asymptomatic PE patients. However, our study did produce novel 
findings: postoperative PE after spinal surgery was estimated at 0.08% ; elderly 
patients and long anesthesia times appeared to be a greater risk for PE.  
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SP8. EFFICACY OF NANOSTRUCTURED TITANIA IN THE MANAGEMENT OF 
INFECTION DUE TO SPINAL IMPLANTS  
Aboelzahab, Asem1; Azad, Abdul-Majeed2; Goel, Vijay1; Biyani, Ashok3; Ebraheim, 
Nabil3; Serhan, Hassan4 
1The University of Toledo, Bioengineering, Toledo, US; 2The University of Toledo, 
Chemical Engineering, Toledo, US; 3The University of Toledo, Orthopedic Surgery, 
Toledo, US; 4DePuy Spine, Waltham, US 

 

INTRODUCTION: The effect and cost of surgical site infections in patients undergoing 
implant procedures can be debilitating and disastrous. It is feasible to reduce the 
infection with concomitant accelerated healing using materials that exhibit 
photoactive antimicrobial attributes. We present such an approach based on 
nanofibrillar/nanotubular structures of photoactive TiO2 on the surface of Ti plates 
and wires.  
 
METHODS: Commercial titanium (cpTi) plates and wires were coated, using 
hydrothermal processing and anodization, with pure nanostructured TiO2 films. 
Bacterial colonies of Escherichia coli (Gram-negative) and Staphylococcus aureus 
(Gram-positive) were isolated and grown to homogeneous cultures. A live/dead 
bacterial viability kit was used to stain the bacteria for microscopic viewing. A hand-
held portable infrared-laser (IRL) light source (λ = 808 nm) was used to activate the 
TiO2 nanocoated implants. The cpTi plates and wires were exposed to the IRL beam 
up to 30s, followed by the placement of the samples in the bacterial broth. Biocidal 
efficacy of the nanostructured titania coatings was evaluated by testing their necrosis 
potency towards the bacteria using real-time confocal microscopy imaging and 
analysis.  
 
RESULTS: Considerable cell death was seen. Exposure for 24s showed considerable 
necrosis of the bacterial cells, with close to 25% cell death after 5 min. since exposure 
and exceeding 50% bacterial death after 25 min.  
 
DISCUSSION: The nanotubes formed through anodization were endowed with a 
significant increase in surface area, thereby increasing the material's effectiveness. 
Limited exposure for 24s will aid in the simple activation of the material during the 
crucial stage of surgery, when chances of surgical site infections (SSIs) are the 
greatest. Therefore, the use of TiO2 nanocoatings that possess both photoactive and 
bactericidal properties seem effective to promote post-surgical healing, preserving 
tissue and bone function.  
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SP9. ANTERIOR RE-OPERATION AT THE SAME LEVEL FOLLOWING LUMBAR TOTAL 
DISC REPLACEMENT  
Blumenthal, Scott1; Guyer, Richard1; Zigler, Jack1; Ohnmeiss, Donna2 
1Texas Back Institute, Plano, Texas, US; 2Texas Back Institute Research Foundation, 
Plano, Texas, US 

 

INTRODUCTION: Current total disc replacements (TDRs) are designed for 
implantation using an anterior approach. This has led to concern about the safety of 
re-operation if a device needs to be removed or revised. The purpose of this study 
was to determine the incidence of re-operation using an anterior approach in TDR 
patients and identify complications encountered in such procedures.  
 
METHODS: FDA IDE study records and surgery logs were reviewed for all patients 
who underwent lumbar TDR at a single center. All had undergone lumbar TDR for the 
treatment of painful disc degeneration unresponsive to non-operative care. Records 
of re-operated patients were reviewed and those who underwent a second anterior 
approach were included in this study. Thirteen patients such patients, from a 
consecutive series of 1,000 accumulated over a period of more than 10 years, were 
identified. The reason for the re-operation and any complications associated with it 
were recorded.  
 
RESULTS: In 13 patients (1.3% of 1,000 TDR cases performed), was repeat anterior 
spinal surgery undertaken. Reasons for re-operations included: malpositioned 
polyethylene core (n=1), vertebral body fracture (n=1), revision to a smaller TDR 
device (n=1), reaction to metallic implant (n=2), device migration or loosening (n=3), 
segmental instability (n=1), and ongoing pain (n=4). In six cases, the device had spikes 
for anchoring, and seven had keels. In all 13 patients, the planned surgery was 
executed without complication. A summary of the cases and re-operations are 
provided in the table.  
 
DISCUSSION: A large case series, including the learning curves of ten spine surgeons, 
demonstrates that anterior re-operation following TDR is rarely needed 
(approximately 1%). When needed, it can be performed safely. Caution and careful 
planning should be exercised when undergoing a repeat anterior approach. The 
planning of such surgery needs to take into consideration the structural integrity of 
the anterior spinal column. (cont’d) 
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SP10. EVALUATION OF THE LUMBAR INTERVERTEBRAL DISC DEGENERATION IN 
COLLEGIATE ATHLETES USING MAGNETIC RESONANCE DIFFUSION-WEIGHTED 
IMAGING  
Otsuka, Satoru1; Yanagisawa, Osamu2; Hangai, Mika3; Sekine, Chie1; Eguchi, Yawara4; 
Kaneoka, Koji2 
1Waseda University, Graduate School of Sport Sciences, Saitama, Japan; 2Waseda 
University, Faculty of Sport Sciences, Saitama, Japan; 3Showa General Hospital, 
Department of Orthopaedic Surgery, Tokyo, Japan; 4Chiba University, Department of 
Orthopaedic Surgery, Graduate School of Medicine, Chiba, Japan 

 

INTRODUCTION: Magnetic resonance (MR) diffusion-weighted (DW) images can 
provide quantitative estimates of water diffusion within specific tissues. The present 
study aimed at evaluating the prevalence of lumbar intervertebral disc (IVD) 
degeneration in collegiate athletes, using MR DW and T2-weighted (T2W) imaging.  
 
METHODS: Sagittal DW (repetition time/echo time = 6000 ms/76.4 ms, b-value = 500 
s/mm2) and T2W images of five lumbar IVD were obtained from 60 collegiate athletes, 
28 rugby players and 32 rowers (19.1±1.2 years old, height 173.2±7.4 cm, and weight 
72.6±11.7 kg), using a 1.5-tesla MR device. The apparent diffusion coefficient (ADC) 
values of IVD were calculated from DW images. In addition, the state of IVD 
degeneration was visually evaluated using Pfirrmann's classification, which was based 
on the degree of signal intensity in the nuclear region of IVD on T2W images. 
Statistical analyses were performed using the Spearman's rank correlation and 
ANOVA.  
 
RESULTS: The present study showed that the proportion of athletes whose lumbar 
IVD have degenerated was 38.3% (rugby players: 35.7% and rowers: 40.6%) by the 
Pfirrmann's classification. The mean ADC values were 1.94±0.22 (x~10-3 mm2/s) in 
grade 2 degenerated discs, 1.77±0.24 in grade 3 and 1.29±0.28 in grade 4. The mean 
ADC values were significantly different between each grade (p<0.01). Addiionally, 
there was a significant correlation between the mean ADC values and Pfirrmann's 
classification grades (ρ=0.39, p<0.01).  
 
DISCUSSION: Athletes were expected to be imposed high physical loads on lumbar 
spine, thus, the investigation of IVD degeneration is necessary to produce a low back 
pain prevention program. Present study showed that there was a significant 
correlation between the ADC values and Pfirrmann's classification in young athletes. 
Therefore, the ADC values will be a quantitative evaluation tool of the lumbar 
intervertebral disc degeneration.  
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SP11. EVALUATION OF DYNAMIC MOBILITY IN OSTEOPOROTIC VERTEBRAL 
FRACTURE NON-UNION FOR THE APPROPRIATE DIAGNOSIS AND PREDICTION OF 
VERTEBRAL DEFORMITY CORRECTION WITH VERTEBROPLASTY  
Takemasa, Ryuichi; Kiyasu, Katsuhito; Tani, Toshikazu; Kawasaki, Motohiro; 
Tadokoro, Nobuaki; Kasai, Yusuke 
Kochi Medical School, Department of Orthopaedic Surgery, Nankoku-city, Kochi, Japan 

 

INTRODUCTION: Initial diagnosis of fracture nonunion following osteoporotic 
vertebral fracture is usually made by checking any fracture mobility in lateral dynamic 
flexion-extension radiography. However the conventional method may not be 
appropriate for detecting dynamic mobility in a severely collapsed vertebral non-
union(VN). The purpose of the study was to compare the ability of detecting fracture 
mobility in the VN between the conventional dynamic Xp and supine cross-table 
lateral Xp.  
 
METHODS: One hundred and two patients with 108 VNs treated by 
vertebroplasty(VP) were reviewed for mobility based on the radiographic 
appearance. The average age was 79 years in patients, and 9 months (minimum 2 
months) in fractures. The 87% of VN was in the level of T11-L2. The vertebral wedging 
rate(VWR) defines the anterior vertebral height as a percentage of posterior 
vertebral height. The change of 5% or more of VWR or vacuum cleft in the fractured 
vertebral body was defined as the intra-vertebral instability.  
 
RESULTS: The average VWR was 33% in the upright neutral position, suggesting 
highly collapsed vertebral body creating local angular kyphosis. It was changed to 
35% in the upright extension position and 67% in the supine position. Intra-vertebral 
vacuum sign was noted in 7% of the extension Xp, and 67% of the supine Xp. The 
intra-vertebral instability was revealed in 10% in the conventional method and 98% in 
the supine Xp. Postoperative VWR following the correction-intended VP was 74%, 
and is significantly correlated with preoperative supine VWR (r=0.87).  
 
DISCUSSION: In order to evaluate dynamic fracture mobility in the severely collapsed 
VN, the conventional flexion-extension Xp in the upright position was inappropriate, 
because the anterior vertebral opening moment induced by the active trunk 
extension is completely counterbalanced by the gravitational force. The cross-table 
supine lateral Xp could reveal intra-vertebral instability and reducibility by the VP.  
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SP12. A COMPARATIVE STUDY BETWEEN ANTERIOR LUMBAR INTERBODY FUSION 
WITH AND WITHOUT PEDICLE SCREW FIXATION FOR ISTHMIC SPONDYLOLISTHESIS. 
A LONG TERM FOLLOW UP STUDY  
Mossaad, Mohamed; Mohamed, Ahmed 
Zagazig University, Orthoapedic Surgery, Zagazig-Sharkia, Egypt

 

INTRODUCTION: Lumbar spine fusion with rigid instrumentation for degenerative 
spinal disorders seems to increase the fusion rate. However, rigid instrumentation 
may be associated with some undesirable effects.  
 
METHODS: Retrospective study with a minimum of 10 years follows up between 2000 
and 2010. 55 patients were included in the study. 30 patients had ALIF in group A 
without pedicle screw fixation, 21 were females and 9 were males, with a mean age 
of 45 years. 25 patients in group B had ALIF and pedicle screw fixation, 15 were 
females and 10 were males with a mean age of 40. Radiological results including disc 
height, degree of listhesis, lumbar lordosis were analyzed statistically. Visual analog 
scale score, Oswestry disability index scores and the patients return to work status 
were used for analysis.  
 
RESULTS: The mean follow-up period was 85 months. Only 26 patients from group A 
and 21 from group B could be contacted, among the first group without PSF, 19 
(73.0%) had an excellent to good clinical results and 3 (11.5%) had a fair results based 
on the Macnab criteria. In the other group with PSF, 18 patients (85.7%) had excellent 
or good clinical outcome and another 3 patients (14.3%) had fair results. Radiographs 
of all patients in the group B with PSF showed solid fusion in the last follow-up. There 
were 2 cases in group B with superficial infection required debridement and 
antibiotic and healed nicely later on. The mean time until return to work was 3.1 
months in group A and 3.6 months in group B. The mean hospital stay for group A (4 
days) and for group B was (9.2 days). The mean operation time in group A was 175 
min. and 240.8 min. for group B. The mean blood loss in group A 300 mL and 500 mL 
for group B.  
 
DISCUSSION: The long term outcome after ALIF with PSF in patients with low grade 
isthmic Spondylolisthesis was proven to be very successful. Furthermore, in terms of 
adjacent segment degeneration (ASD), there is very low incidence of ASD after PSF 
with ALIF.  
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SP13. p38α AND p38β MAPK REPRESS INFLAMMATORY STRESS-INDUCED 
EXPRESSION OF MMP-1 AND MMP-3, RESPECTIVELY, IN HUMAN NUCLEUS 
PULPOSUS CELLS  
Vo, Nam; Sowa, Gwendolyn; Christian, Elizabeth; Witt, William; Ngo, Kevin; Lee, Joon; 
Kang, James; Studer, Rebecca 
UPMC, Pittsburgh, US 

 

INTRODUCTION: Chemical inhibitors of p38 mitogen activated protein kinase (MAPK) 
block the induction of MMP expression by pro-inflammatory cytokines in disc cells. 
Thus a proposed mechanism of inflammation-induced MMP expression is through the 
p38 MAPK pathway. However given the existence of four mammalian p38 MAPK 
isoforms (α, β, γ, δ) and that most chemical inhibitors block the activity of multiple 
p38 isoforms, it is unclear whether different p38 isoform controls expression of 
specific MMP subsets. Here we focused on investigating how p38α and p38β 
individually controls the expression of MMP1 and MMP3 in TNF-α stimulated disc 
cells. 
 
METHODS: Human nucleus pulposus (hNP) cells were transduced with lentiviral 
particles expressing ShRNA to silence either p38α or p38β, and exposed to TNF-α(5 
ng/ml) for 3 days. MMP1 and MMP3 mRNA levels were determined by semi-qRT-PCR.  
 
RESULTS: hNP cells transduced with ShRNA targeting p38α and p38β selectively 
reduced their mRNA and protein expression (~40% of control). TNF-α exposure 
stimulated MMP1 (114x) and MMP3 (245x) expression compared to untreated 
control. TNF-αexposure with p38β silencing further increased MMP3 (804x) while 
reduced MMP1 (42x) expression. TNF-αexposure with p38α silencing drastically 
increased MMP-1 (860x) expression. These findings were confirmed using a dominant 
negative p38αprotein. 
 
DISCUSSION: These results suggest that p38α and p38β perform the vital function to 
prevent excessive induction of two key MMPs implicated in disc matrix destruction, 
MMP1 and MMP3, respectively, in hNP cells under inflammatory stress. Thus the 
current therapeutic strategy of using inhibitors to block multiple p38 isoforms 
indiscriminately could potentially be detrimental to disc matrix homeostasis. Further 
studies are needed to dissect the roles of the different p38 isoforms in regulating disc 
MMP expression and matrix degradation.  
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SP14. ROLE OF PGE2 ON THE REGULATION OF LUMBAR INTERVERTEBRAL DISK 
DEGENERATION  
Sawaji, Yasunobu; Endo, Kenji; Kimura, Dai; Tanaka, Hidetoshi; Kosaka, Taiichi; 
Yamamoto, Kengo 
Tokyo Medical University, Orthopedic Surgery Department, Tokyo, Japan 

 

INTRODUCTION: Degeneration of intervertebral disk (IVD) has been considered to be 
an initial process that leads to chronic lower back pain. Since the extracellular matrix 
in IVD mainly consists of aggrecan and type I and II collagen fibrils, aggrecanases 
(ADAMTS-4 and 5) and collagenases (MMP-1 and 13) may participate in the tissue 
degeneration, respectively. Although inhibiting prostaglandin (PG)E2 by a selective 
cyclooxygenase (COX)-2 inhibitor has been a favourable treatment for lower back 
pain, its effect on the IVD degeneration has not been clear. Therefore, the role of the 
selective COX-2 inhibitor and PGE2 on the IVD degeneration was investigated by 
focusing on the regulation of MMPs and ADAMTSs in isolated human IVD cells. 
 
METHODS: Isolated cells from human IVD were stimulated with interleukin (IL)-1 in 
the presence or absence of either a selective COX-2 inhibitor (NS-398) or exogenous 
PGE2 for 24 hours. The expressions of MMP-1 and 13 and ADAMTS-4 and 5 were 
quantified by realtime PCR. 
 
RESULTS: IL-1 induced the expression of both MMPs and ADAMTSs in IVD cells. 
Treating the cells with NS-398 inhibited IL-1 induction of ADAMTS-4 but not that of 
MMP-1, 13 and ADAMTS-5. On the other hand, treating the cells with exogenous 
PGE2 resulted in suppression of all MMPs and ADAMTSs tested. 
 
DISCUSSION: Selective COX-2 inhibitors have been widely used for treating patient 
with lower back pain. Our results revealed that COX-2 inhibitor does not seem to 
prevent IVD degeneration, since IL-1 inductions of MMPs and ADAMTS-5 were not 
influenced by NS-398. Conversely, the suppression of all MMPs and ADAMTSs 
expression by exogenous PGE2 suggests that PGE2 has a role in preventing the tissue 
degeneration by suppressing proteinases expression in IVD cells.  
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SP15.  HIGH OSMOLALITY REDUCES THE PROLIFERATION RATE OF NUCLEUS 
PULPOSUS INTERVERTEBRAL DISC CELLS, NEGATIVELY REGULATES THEIR RESPONSE 
TO EXOGENOUS GROWTH FACTORS AND ACTIVATES AN ENHANCED DNA REPAIR 
MECHANISM  
Mavrogonatou, Eleni; Kletsas, Dimitris 
NCSR "Demokritos", Institute of Biology, Athens, Greece 

 

INTRODUCTION: Osmotic fluctuations resulting from intervertebral disc's specific 
physicochemical environment, daily activities or degeneration are an every day 
experience for nucleus pulposus cells.  
 
METHODS: Proliferative potential was evaluated by growth curves and 3H-thymidine 
incorporation, while cell cycle distribution was assessed using one- and two-color 
flow cytometry. Western blot analysis was used for the estimation of proteins' 
expression levels and phosphorylation status. In order to investigate the possible 
genotoxic effect of high osmolality, we performed single-cell gel electrophoresis and 
immunofluorescence experiments for lamin A/C, whereas the capacity of the cells for 
DNA repair was directly measured through a host cell reactivation assay. Finally, 
siRNA-mediated knocking down of p53 was carried out.  
 
RESULTS AND DISCUSSION: Hyperosmotic treatment reduces cellular proliferation by 
activating the G2 and G1 cell cycle checkpoints. The G2 arrest was shown to be p38-
dependent, while the G1 delay was established by the phosphorylation of p53, the 
up-regulation of p21WAF1 and the hypophosphorylation of the retinoblastoma 
protein (pRb). High osmolality also decreased the response of the cells to growth 
factors (PDGF and IGF-I) and the activation of intracellular signaling pathways. 
Hyperosmolality-induced DNA damage was evidenced by the existence of comet tails 
and was verified by the phosphorylation and accumulation of H2A.X. In parallel, the 
cells' DNA repair efficiency was significantly increased under hyperosmotic pressure. 
p53 was necessary for the activation of the G1 checkpoint, since its repression 
abolished the hypophosphorylation of pRb and abrogated the G1 arrest provoked by 
hyperosmotic stress. Most importantly, p53 and the consequent G1 arrest were 
found to participate in the DNA repair pathway, as their inhibition led to an enhanced 
and prolonged H2A.X phosphorylation. Supported by the EU ("Genodisc") and the AO 
Foundation  
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SP16. DIFFUSION WEIGHTED MAGNETIC RESONANCE IMAGING OF SYMPTOMATIC 
NERVE ROOT OF PATIENTS WITH LUMBAR DISC HERNIATION  
Eguchi, Yawara1; Ohtori, Seiji2; Orita, Sumihisa1; Inoue, Gen3; Hiroto, Kamoda3; Arai, 
Gen1; Ishikawa, Tetsuhiro1; Miyagi, Masayuki1; Masuda, Yoshitada4; Kazuhisa, 
Takahashi1 
1Chiba University, Department of Orthopaedic Surgery, Chiba, Japan; 2Japan, 
Department of Orthopaedic Surgery, Chiba, Japan; 3Chiba University, Chiba, Japan; 
4Chiba University, Department of radiology, Chiba, Japan

 

INTRODUCTION: Diffusion-weighted imaging (DWI) can provide valuable structural 
information about tissues that may be useful for evaluating pathologic changes of 
lumbar nerve root. Diffusion-weighted MR nerurography has recently been 
introduced as an alternative way to visualize nerves, but to date, quantitative DWI 
and MR neurography have not been applied to evaluate the pathology of lumbar 
nerve root.Our purpose was to visualize the lumbar nerve root and to analyze its 
morphology by MR neurography, and to measure its apparent diffusion coefficient 
(ADC) of lumber nerve root compressed by herniated disc using 1.5-tesla magnetic 
resonance (MR) imaging.  
 
METHODS: Conservative ten patients (median age 48.0 years (20-72 years)) with 
monoradicular symptom caused by lumbar herniated disc and fourteen healthy 
volunteers were studied. Regions of interest (ROIs) were placed at the lumbar roots 
at dorsal root ganglia (DRG) and distal spinal nerves on DWI to quantify mean ADC 
values. The spinal nerve roots can also be visualized by MR neurography.  
 
RESULTS: In patients, mean ADC values were significantly higher in the compressed 
DRG and distal spinal nerve than in intact ones. MR Neurography also showed 
abnormalities such as nerve swelling at and below the compression in the 
symptomatic nerve root.  
 
DISCUSSION: The enhancement of ADC value was considered to be due to oedema 
and wallerian degeneration of compressed nerve roots. We believe that DWI is a 
potential tool for analysis of the pathophysiology of lumbar nerve roots compressed 
by herniated disc. (cont’d) 
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SP17. OXYGEN ENVIRONMENT AND MECHANICAL STRESS CAN PROMOTE 
EXPRESSION OF VEGF BY DISC CELLS  
Neidlinger-Wilke, Cornelia1; Mietsch, Antje1; Urban, Jill2; Galbusera, Fabio1; Liedert, 
Astrid1; Wilke, Hans-Joachim1; Ignatius, Anita1 
1University of Ulm, Institute of Orthopaedic Research and Biomechanics, Ulm, 
Germany; 2Oxford University, Department of Physiology, Anatomy and Genetics, 
Oxford, UK

 

 INTRODUCTION: Disc degeneration is often associated with innervation and 
vascularization. Environmental factors such as reduced oxygen supply and mechanical 
loading might contribute to regulation of this process. We hypothesize that these 
factors alter disc cell gene expression and stimulate a pro-angiogenic response that 
supports blood vessel ingrowth, thus enhancing this pathogenic pathway.  
 
METHODS: After adaptation to disc normoxia (6% pO2), annulus fibrosus (AF) and 
nucleus pulposus (NP) cells from 6 human and bovine spines were exposed to oxygen 
variation (6%/1% pO2) and mechanical loads (AF/CS cyclic strain, NP/HP hydrostatic 
pressure) or unloaded condition. 24 hrs before loading, medium was maintained at 
standard condition (Std) or supplemented with the angiogenic factors pleiotrophin 
(PTN) or Midkine (MK). Expression of matrix proteins, MMPs, VEGF, PTN and MK was 
analyzed and compared between groups (Wilcoxon-test).  
 
RESULTS: Expression of cfos was up-regulated by CS (6-fold) and HP (3-fold). This 
effect was lower at hypoxia (1% pO2). VEGF-expression by NP-cells was stimulated by 
HP (1.5 to 2-fold), AF cells showed a similar but smaller response. Expression of 
MMP3 and HIF1a was lower under hypoxia than normoxia and was not altered by 
mechanical stimulation. VEGF expression was slightly increased by MK-
supplementation of unloaded AF samples. Responses to CS or HP were not 
significantly altered by MK- or PTN because of high sample-sample variability.  
 
DISCUSSION: Our results suggest that oxygen reduction and hydrostatic pressure 
stimulate gene expression of VEGF by NP-cells. As AF cells were less responsive 
towards these environmental factors NP cells appear to have the greatest impact on 
regulation of disc angiogenesis in relation to these stimuli. PTN- or MK-
supplementation failed to influence VEGF expression suggesting that other 
angiogenic factors play a role in the regulation of this process. (Supported by EU-
project GENODISC HEALTH-F2-2008-201626).  
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SP18. THE POLYPHENOL RESVERATROL SHOWS PROMISING POTENTIAL FOR THE 
TREATMENT OF NUCLEUS PULPOSUS MEDIATED PAIN IN VITRO AND VIVO  
Wuertz, Karin1; Quero, Lilian1; Sekiguchi, Miho2; Klawitter, Marina1; Nerlich, 
Andreas3; Konno, Shin-chi2; Kikuchi, Shin-chi2; Boos, Norbert1 
1University of Zurich, Spine Research Group, CABMM, Zurich, Switzerland; 2Fukushima 
Medical University, Department of Orthopaedic Surgery, Fukushima, Japan; 
3Academic Teaching Hospital Munich-Bogenhausen, Institute of Pathology, Munich, 
Germany 

 

STUDY DESIGN: Investigation of the effects of the polyphenol resveratrol in 
intervertebral discs (IVD) in vitro and in vivo.  
 
OBJECTIVE: To determine whether resveratrol may be useful in treating nucleus 
pulposus (NP) mediated pain.  
 
SUMMARY OF BACKGROUND DATA: Proinflammatory cytokines seem to be key 
mediators in the development of NP mediated pain. Patients with discogenic or 
radiculopathic pain may substantially benefit from anti-inflammatory substances that 
could be used in a minimal-invasive treatment approach. Resveratrol, a phytoalexin 
found in red wine, is known for its anti-inflammatory effects in various cell types.  
 
METHODS: (1) The anti-inflammatory and anti-catabolic effect of resveratrol was 
investigated on IL-1â prestimulated human IVD cells by real-time RT-PCR (n=6) and 
immunoblotting (n=3). (2) The molecular mechanisms underlying the effects 
observed upon resveratrol treatment were investigated. Specifically, involvement of 
TLRs, NF-êB, SIRT1 and the MAP Kinases p38, ERK and JNK was analyzed with various 
methods (up to n=6). (3) The analgetic effects of resveratrol were investigated in vivo 
using a rodent model of radiculopathy and von Frey filament testing (n=6 in each 
group). Statistics: Mann-Whitney-U Test or One way ANOVA and Bonferroni Post-hoc 
testing (p < 0.05).  
 
RESULTS: In vitro, resveratrol exhibited an anti-inflammatory and anti-catabolic effect 
on the mRNA and protein level. This effect does not seem to be mediated via the 
MAP Kinase or the NF-êB/SIRT1 pathway, although TLR2 was regulated to a minor 
extent. In vivo, resveratrol significantly reduced pain behavior.  
Conclusions: Resveratrol was able to reduce levels of important proinflammatory 
cytokines in vitro, which is likely to be the underlying mechanism of NP mediated 
pain reduction observed in the animal model of radiculopathy in vivo. Resveratrol 
thus seems to have considerable potential for the treatment of NP mediated pain 
(discogenic pain, radiculopathic pain).  
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SP19. OUTCOME OF LUMBAR SURGERY IN PATIENTS WITH HEMODIALYSIS-RELATED 
SPONDYLOARTHROPATHY  
Ogihara, Satoshi; Kunogi, Junichi; Masuyama, Shigeru; Sasagawa, Takeshi; Takeuchi, 
Yosuke; Fukushima, Masayoshi; Kashiyama, Takahiro 
Japanese Red Cross Medical Center, Department of Spine and Orthopedic Surgery, 
Tokyo, Japan 

 

INTRODUCTION: Recent advances in hemodialysis have prolonged the life span of 
patients and increased the number of patients suffering from dialysis-related 
spondyloarthropathy (DRSA) of the lumbar spine. The purpose of this study was to 
evaluate the clinical outcome of lumbar spine surgery in hemodialysis patients.  
 
METHODS: This study included 81 hemodialysis patients (51 males and 30 females, 
mean age of 62.4 yrs) who underwent consecutive lumbar spine surgery at our 
hospital. The mean period of hemodialysis was 22.5 years and the mean period of 
follow-up was 36.2 months. The surgical methods were as follows: posterior 
decompression in 2 cases, posterior decompression and stabilization in 41 cases, 
posterior lumbar interbody fusion in 37 cases, and single-stage anterior and posterior 
fusion in 1 case. Mortality during the postoperative follow-up period, outcome 
measures (ODI and VAS), patient satisfaction, state of job or housework recovery, and 
X-ray findings were assessed.  
 
RESULTS: Eleven (13.6%) cases have died by the latest follow up. Surgical site 
infection was observed in 2 cases and late onset infection in 2 other cases. Both VAS 
(pre-op mean 8.1, post-op mean 4.7) and ODI scores (pre-op mean 61.9, post-op 
mean 41.0), improved significantly (p<0.05). Forty-eight (59.3%) cases recovered their 
ability to carry out their job or housework after the operation. Postoperative 
infection (SSI or late onset) and the occurrence of local kyphosis >5 degrees were 
significant (p<0.05) risk factors that had adverse effects on patient satisfaction and 
recovery rate of job or housework.  
 
DISCUSSION: Although the incidence of postoperative mortality was relatively high, 
our results showed lumbar operation brought pain relief and improvement of ADL in 
DRSA patients. We consider it is especially important to maintain strict control of 
perioperative complications including SSI and also to determine the operative 
methods that prevent postoperative occurrence of local kyphosis.  
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SP20. SAGITTAL REBALANCE AFTER PEDICLE SUBSTRACTION OSTEOTOMY AT THE 
LUMBAR SPINE  
Rousseau, Marc-Antoine1; Lazennec, Jean-Yves1; French Scoliosis Study Group, 2 
1Pitié Salpétrière - Assistance Publique hopitaux de Paris, Orthopaedic Surgery, Paris, 
France; 2Groupe d'Etude de la Scoliose (GES), Paris, France 

 

INTRODUCTION: The normal sagittal balance of the spine has widely been 
documented. Sagittal imbalance can be surgically treated with pedicle substraction 
osteotomy (PSO). Technical aspects and local radiological results have been reported. 
The spontaneous rebalance of the whole spine remains poorly predictable. Our goal 
was to evaluate the global rebalance after PSO, with a specific interest in the 
reorientation of the pelvis and the upper thoracic segment.  
 
METHODS: A multicentric retrospective study was conducted on the radiological 
records of 396 patients. The rebalance of the spine after pedicle substraction 
osteotomy (PSO) was assessed radiologically with measuring the sacral slope, the 
lumbar lordosis, the T9 and T1 sagittal tilt before surgery and at follow-up. We 
investigated here the influence of the following factors: pelvic incidence, hip arthritis, 
level of osteotomy, regional gain of lordosis, extent of the instrumentation, and 
sacral fixation on the changes regarding the upper and lower segments. The 
population was split according to the indication: post-traumatic deformity, 
degenerative kyphosis, scoliosis, and ankylosing spondylarthritis  
 
RESULTS: The average regional gain in lordosis was 31.4°. In the degenerative and 
scoliosis groups, the level of osteotomy and the incidence angle had a significant 
influence on the pelvic adaptation (more effective rebalance associated to low level 
PSO and low incidence angle); the amount of correction and the length of the fixation 
had a significant influence on the thoracic adaptation (better upper rebalance with 
long fixations and large wedge resections). The post traumatic deformity and the 
spondylarthritis cases had specific patterns.  
 
DISCUSSION: The better knowledge of the spontaneous global rebalance of the spine 
after PSO and the pelvic / thoracic reorientation based on a large series would be 
useful for the preoperative planning of a lumbar osteotomy, and the prediction of the 
pelvic and hips reorientation. (cont’d) 
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SP21. RISK FACTOR FOR ADJACENT SEGMENT DEGENERATION AFTER SURGICAL 
CORRECTION OF DEGENERATIVE LUMBAR SCOLIOSIS  
Ha, Kee-Yong1; Oh, In-Soo2 
1Seoul St. Mary's Hospital, College of Medicine, The Catholic University of Korea, 
Seoul, Republic of Korea; 2Incheon St. Mary's Hospital, College of Medicine, The 
Catholic University of Korea, Incheon, Republic of Korea 

 

INTRODUCTION: Although ASD has been considered a debating late complication of 
spinal fusion, there are no consensus of incidence, risk factor, morbidity and 
correlation between radiological adjacent segment degeneration and clinical 
symptoms. The purpose of this study was to assess the incidence of radiological ASD, 
period of the radiological ASD occurrence, risk factors of ASD, and the correlation 
between the clinical results and radiological ASD after spinal fusions for DLS  
 
METHODS: A total of 90 patients with minimum 5-year follow-up who had surgical 
correction and lumbar/thoracolumbar fusion with pedicle screw instrumentation for 
degenerative lumbar scoliosis were included. We evaluated the correlation between 
occurrence of radiologic adjacent segment disease and the following patient 
parameters (age at operation, sex, body mass index(BMI), medical comobiditis, BMD) 
, radiological parameter (Cobb¡¯s angle, angle type, lumbar lordosis, pelvic incidence, 
intercristal line, preoperative existence of an adjacent segment degeneration 
magnetic resonance imaging(MRI)), and surgical parameters (number of the fusion 
level, OP type, floating OP, posterolateral interbody fusion(PLIF)). Clinical outcomes 
were assessed with the Visual analogue score (VAS) and Oswestry disability index 
(ODI).  
 
RESULTS: ASD was found in 52 (57.7 %) patients at a mean period of 48.0 months 
after operation (median 42.9 months). Factors related to ASD occurrence were 
preoperative existence of disc degeneration on MRI and PLIF with cage (P=0.001, 
0.346). However, the other parameters did not show a statistically significant 
difference. There were no significant difference between radiological adjacent 
segment degeneration and clinical results statistically.  
 
DISCUSSION: PLIF with cage and with preoperative disc degeneration on MRI were at 
higher risk of developing ASD 
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SP22. COMPARISON OF CLINICAL AND RADIOLOGICAL OUTCOMES OF THREE 
SURGICAL TECHNIQUES IN SCHEUERMANN’S KYPHOSIS  
Mehedian, Hossein; Arun, R; Copas D; Mehta, Jwalant 
Nottingham University Hospital, Nottingham, UK 

 

INTRODUCTION: Several surgical strategies have been reported in literature for 
correcting a Scheuermann’s hyper-kyphotic deformity. We have compared the 
radiological and clinical outcomes following three different techniques based on the 
need and efficacy of anterior surgery.  
 
METHODS: Twenty three patients underwent an instrumented correction of the 
thoracic kyphosis by posterior segmental instrumentation T2 to L2/3 with multi-level 
apical chevron osteotomies. These were divided into 3 matched groups (age, sex and 
BMI). Group A (8 patients): Posterior + anterior morselized rib graft. Group B (7 
patients): Posterior + anterior titanium interbody cages. Group C (8 patients): 
Posterior alone. Outcomes assessed: Cobb angle, sagittal vertical axis, sacral 
inclination and lumbar lordosis, Oswestry Disability Index, Visual Analogue Scale and 
SRS-22. The assessments were preoperative, postoperative and at final follow-up (70 
mo: group A; 66 mo: group B; 35 mo: group C).  
 
RESULTS: The Cobb angle was corrected from 88.4° to 42° and 42.0°. The SVA 
improved from +3.5 cms to -1.5 cms and +1 cm. The lumbar lordosis improved from 
66° to 45° and 42.0°. The median sacral inclination angle changed from 40° to 30° and 
22.0°. A significant difference was noted between the pre and the post, but not 
between the post and the final. There was no significant difference obtained in the 
final Cobb angle between the 3 groups. The improvements in ODI and SRS-22 scores 
were similar between the three groups.  
 
DISCUSSION: The correction of global sagittal balance, compensatory lumbar lordosis 
and the sacral inclination were similar in all the groups and well maintained to the 
last assessment. Addition of an anterior procedure does not reflect in an improved 
correction. Hence we conclude that a single stage posterior segmental 
instrumentation is sufficient.  
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SP23. NIGHT-TIME PROVIDENCE BRACING COMPARED TO FULL TIME BOSTON 
BRACING IN ADOLESCENT IDIOPATHIC SCOLIOSIS. A PROSPECTIVE RANDOMIZED 
STUDY  
Wessberg, Per MD; Hedlund, Rune MD Prof; Nordwall, Anders MD PhD 
Sahlgren University Hospital, Department of Orthopaedics, Spine Surgery Unit, 
Gothenburg, Sweden 

 

INTRODUCTION: Boston bracing is the gold standard in non-operative treatment of 
adolescent idiopathic scoliosis (AIS). Effective treatment requires bracing more than 
20 hours per day until skeletal maturity, typically for 1-3 years. Failure to comply with 
the regime is a major reason for unsatisfactory treatment effect. Long time follow-up 
studies have shown negative psychological experiences of brace treatment. It is 
probable that night-time bracing would improve compliance and impose less 
negative psychological effects on AIS patients.  
 
MATERIAL AND METHODS: A prospective randomized (based on day of birth) study 
was started in 2004. Regimes were Boston full time bracing aiming at 23 hours per 
day and the Providence night-time brace concept for 8 hours every night. AIS girls 
10—16 years of age with curves 20°—40° and apex at T7 or below were invited. 66 
girls were included until end of 2007 (30 Boston and 36 Providence). Mean age (13), 
menarche status and curve characteristics (Cobb, location, apex) were similar in both 
groups.  
 
RESULTS: By the end of 2009 all brace treatments were completed. There were 7 
failures in the Boston group, 4 requiring surgery. In the Providence group there were 
8 failures, 3 requiring surgery. Thoracic curve location, poor in-brace correction 
(<50%) and pre-menarchal status predicted 71% of the failures in the Boston group 
but none in the Providence group.  
 
DISCUSSION: Night time bracing (Providence concept) is safe for thoracic and lumbar 
AIS curves at or below T7 and for Cobb angles close to 40°. The success rate, 77%, is 
comparable to full time bracing. Failures seem unpredictable.  
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SP24. RAPID AND SENSITIVE DETECTION OF BACTERIA BY REAL-TIME PCR IN 
PYOGENIC SPONDYLITIS CASES  
Nakamura, Yushi; Aota, Yoichi; Inaba, Yutaka; Nakamura, Naoyuki; Kobayashi, 
Naomi; Kawai, Takuya; Tanabe, Hironori; Choe, Hyonmin; Wakayama, Yusuke; 
Yamaguchi, Yasuteru; Saito, Tomoyuki 
Yokohama City Univ., Orthop. Surg., Yokohama-city, Japan 

 

INTRODUCTION: Rapid identification of bacteria species is essential for selecting of 
appropriate antibiotics in pyogenic spondylitis cases. However, the rapidness and 
sensitivity of conventional method is still insufficient in many clinical situations. Real-
time polymerase chain reaction (PCR) has been recognized as an alternative tool for 
diagnosis of bacterial infection, which enables both rapid and sensitive detection and 
quantification. The purpose of this study was to evaluate the clinical usefulness of 
this method in the diagnosis of pyogenic spondylitis.  
 
METHODS: A total of 26 patients with spinal disease including pyogenic spondylitis 
were enrolled consecutively. LightCycler system (Roche diagnostics) was used for 
real-time PCR. Methicillin-resistant staphylococcus-specific PCR (MRS-PCR) and 16s 
rRNA gene universal PCR(Universal PCR) were perfomed simultaneously. Specimens 
were also analyzed with microbiologic culture and histopathological evaluation.  
 
RESULTS: Eight cases showed positive result with bacterial culture. With Universal 
PCR, gram-positive bacteria were confirmed in seven cases, and gram-negative 
bacteria were confirmed in six cases. Four cases were found to be positive with MRS-
PCR. The sensitivity of real-time PCR was 100%, and the specificity was 72.2%. In all of 
the false-positive cases, biopsies were performed after starting to administer 
antibiotics.  
 
DISCUSSION: With this method, it is possible to identify the methicillin-resistance and 
gram-positive or negative species, which contributes to the appropriate antibiotics 
selection. Especially for cases with low-grade infection, that is usually difficult to 
diagnose by conventional culture, high sensitivity is required. We demonstrated 
extremely high sensitivity of this method in clinical samples. On the other hand, 
major limitation of this method is that the inactivated bacteria are also detectable, 
although this property may be one advantage in clinical setting after antibiotic 
treatment.  
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SP25. ANALYSIS OF PROGNOSTIC FACTORS AFFECTING AMBULATORY STATUS FOR 
PATIENTS WITH METASTATIC SPINAL TUMOR -USE OF THE REVISED TOKUHASHI 
SCORE-  
Takuya, Kawai; Aota, Yoichi1; Nakamura, Naoyuki1; Tanabe, Hironori1; Nakamura, 
Yushi2; Yamaguchi, Yasugeru1; Saito, Tomoyuki1 
1Yokohama City University Hospital, Orthopaedic Surgery, Yokohama, Japan; 
2Yokohama City University, Orthopaedic Surgery, Yokohama, Japan 

 

INTRODUCTION: Most patients with spinal metastases have a limited life expectancy. 
When deciding treatment modalities, we have to consider prognosis of their life 
expectancy and quality of life (QOL). The revised Tokuhashi Score has been widely 
used to predict survival period, but not QOL. Ambulation is one of the vital 
parameters to assess patients' QOL. The purpose of this study is to correlate 
Tokuhashi Score with ambulatory status for patients with spinal metastases.  
 
METHODS: A total of 210 newly diagnosed with spinal metastases from 2006 to 2008 
at our hospital were retrospectively analyzed. All patients were evaluated by The 
Tokuhashi Score when newly diagnosed. The Tokuhashi Score consisted of six 
categories: 1) performance status, 2) extraspinal bone metastases, 3) spinal 
metastases, 4) major organ metastases, 5) primary cancer sites, 6) palsy. Ambulatory 
period was defined as the period from the date of diagnosis to the date when the 
patients could not walk, or the date of the final follow-up. The Spearman's correlation 
coefficient between total Tokuhashi Score and ambulatory period was calculated. 
Multivariate analysis was used to analyze the relationship of each category and 
ambulatory period.  
 
RESULTS: Mean Tokuhashi score at diagnosis was 8.1 points. Thirty seven patients 
were already unable to walk at diagnosis. During follow-up, 162 patients became non 
ambulatory, while 48 patients could still walk. Median ambulatory period from 
diagnosis were 4.5 months. Ambulatory period moderately correlated with total 
Tokuhashi Score (r=0.64). On multivariate analysis, performance status, major organ 
metastases and primary cancer sites were significantly associated with ambulatory 
period (p<0.001).  
 
DISCUSSION: Until now, no appropriate system to predict ambulatory disturbance 
has been established. This study showed the Tokuhashi Score was possible to predict 
ambulatory period for the patients with spinal metastases.  
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SP26.  SPONDYLOLISTHESIS FOLLOWING OSTEOPOROTIC FRACTURE IN MIDDLE-
LOWER LUMBAR VERTEBRA: CLINICAL FEATURES AND SURGICAL TREATMENT  
Yamashita, Tomoya; Sakaura, Hironobu; Miwa, Toshitada; Ohwada, Tetsuo 
Kansai Rosai Hospital, Department of Orthopaedic Surgery, Amagasaki, Hyogo, Japan 

 

INTRODUCTION: The purpose of this study was to clarify the clinical features of 
spondylolisthesis following osteoporotic vertebral fracture in middle-lower lumbar 
spine, which had been never reported, and to evaluate the outcome of posterior 
lumbar interbody fusion (PLIF) for such conditions.  
 
METHODS: Eight patients were encountered in this study. There are 2 males and 6 
females, and age averaged 71 years. Level of vertebral fracture was L3 in 5 patients, 
L4 in one, and L5 in 2. Endplate fractures occurred at cranial side in 5 cases, at caudal 
side in 2 cases, and at both sides in 1 case. All the cases were treated by PLIF 
operation for decompression and short segmental fusion. PLIF was indicated at a 
segment including injured endplate. All patients had a minimum of 2-year follow-up. 
We retrospectively reviewed the radiographic and clinical features, and surgical 
outcome of the unique spondylolisthesis.  
 
RESULTS: Morphological features consisted of intradiscal vacuum phenomenon and 
spondylolisthesis at damaged segment, and retropulsed disc with vertebral rim. In 
patients with cranial endplate fracture, cranial vertebra adjacent to collapsed 
vertebra slipped forward and resulted in radiculopathy of lower nerve root due to 
lateral recess stenosis. Whereas, in those with caudal endplate fracture, collapsed 
vertebra slipped and lead to radiculopathy of upper nerve root due to foraminal 
stenosis. JOA score improved from 10.5 points before surgery to 23.3 points at final 
follow-up, and recovery rate averaged 66.9%. Local kyphosis at the segment 
improved from 6.6° before surgery to 0.1° after surgery. Loss of correction was 1.9° at 
final follow-up. Solid fusion was obtained in all but one case.  
 
DISCUSSION:This is the first report of the clinical features of lumbar spondylolisthesis 
following osteoporotic vertebral fracture and PLIF provided excellent clinical outcome 
in such conditions.  
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SP27. CLINICAL OUTCOMES OF LUMBAR SPINAL SURGERY IN ELDERLY PATIENTS 
MORE THAN 75 YEARS OLD  
Matsumoto, Tomiya; Terai, Hidetomi; Toyoda, Hiromitsu; Suzuki, Akinobu; Dohzono, 
Sho; Yamada, Kentaro; Yasuda, Hiroyuki; Takahashi, Shinji; Tsukiyama, Kuniaki; 
Nakamura, Hiroaki 
Osaka City University Graduate School of Medicine, Osaka, Japan 

 

INTRODUCTION: As the population ages, the number of spinal surgeries in the elderly 
patient is continuously increasing. However there are few reports regarding the 
clinical outcome of lumbar spinal surgeries in elderly patients. he aim of this study 
was to review clinical outcomes of lumbar spinal surgery in elderly patients. 
 
METHODS: This was a retrospective matched case-control study that included 70 
patients older than 60 years who were managed surgically for lumbar spinal stenosis. 
Patients more than 75 years were included in the elderly group (n=35), where-as sex 
and surgical procedure matched patients between 60 and 74 were included in the 
control group (n=35). Each group consisted of 18 men and 17 women. The 
parameters reviewed included clinical outcomes, preoperative comorbidities, 
American Society of Anesthesiologist Physical Status (ASA-PS), operative time, blood 
loss, perioperative complications. Clinical outcomes were evaluated by JOA scores. 
 
RESULTS: The average age was 78.3 (75-85) in the elderly group and 68.2 (60-74) in 
the control group. The average preoperative JOA scores of 11.3/13.3 improved 
significantly to 22.2/23.2 (elderly group/control group). No significant difference was 
found between two groups (P=0.58) in the improvement ratio of JOA scores 
(62.2/65.1%). Thirty three (94.3%) patients in the elderly group and 25 (71.4%) 
patients in the control group had preoperative comorbidities requiring medical 
intervention (P<0.05). No significant difference was found in ASA-PS, operative time 
and blood loss. In perioperative complications, an epidural hematoma leading to 
revision surgery occurred in in 2/1 patients (elderly group/control group).  
 
DISCUSSION: Although the rate of preoperative comorbidities in the elderly was 
significantly higher than in the control, no obvious differences in the clinical results 
were observed between the two groups. Therefore, age should not be used as 
criteria to avoid lumbar spinal surgeries in the elderly.  
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SP28. 2 PATIENT CONCERNS ABOUT UNDERGOING ELECTIVE MUSCULOSKELETAL 
SURGERY  
Rampersaud, Y. Raja1; Gandhi, Rajiv2; Hudak, Pamela3; Veillette, Christian2; Syed, 
Khalid2; Lewis, Stephen1; Ogilvie-Harris, Darrell2; Davey, Roderrick2; Mahomed, Nizar2 
1University Health Network, Toronto Western Hospital, University of Toronto, 
Divisions of Orthopaedics and Neurosurgery, Toronto, Canada; 2University Health 
Network, Toronto Western Hospital, University of Toronto, Divisions of Orthopaedics, 
Toronto, Canada; 3University of Toronto, Toronto, Canada 

 

INTRODUCTION: The factors influencing patient willingness to undergo elective 
surgery are poorly understood.  
 
METHODS: We prospectively evaluated patient concerns prior to surgical 
consultation for elective spinal, hip, knee, shoulder/elbow (S/E), or foot/ankle (F/A) 
conditions. Patients were surveyed for demographic data, SF 36 quality of life (QOL) 
scores and asked to report their greatest concern about considering surgery for their 
condition, as well as their willingness to undergo surgery if it was offered to them by 
their treating surgeon.  
 
RESULTS: In our prospective cohort of 743 patients, 364 (51%) were male and 293 (39 
%) were evaluated for a spine condition, 74 (10 %) hip, 192 (26 %) knee, 69 (9 %) S/E, 
and 115 (16 %) F/A. Mean QOL scores were similar for patients across specialities. 
The top three greatest concerns for undergoing elective musculoskeletal surgery 
were potential complications (20%), effectiveness (15%) and recovery time (15%) of 
surgery. When categorized by specialty, concern of surgical complications was the 
most prevalent in spine (23%) and F/A patients (30%). However, patients were most 
commonly unsure of risks associated with their respective subspecialty surgery (spine 
-56%; hip - 53%; knee -44%; S/E – 48% and F/A – 33%). The majority of hip patients 
(89%) perceived a high success rate for hip surgery, while 65% of spine patients 
where unsure of the success of spine surgery. Patient willingness to undergo surgery 
was greatest for hip (84%), knee (78%), and S/E (82%) surgery and least for spine 
(68%) and F/A surgery (74%).  
 
DISCUSSION: Although patient willingness to consider surgery is clearly a 
multifactorial decision, patient perception of surgical risk or success prior to surgical 
consultation are significant factors.  
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SP29. SPINAL STENOSIS IN THE SPINE PATIENT OUTCOMES RESEARCH TRIAL 
(SPORT): DOES PSYCHOLOGICAL DISTRESS AFFECT TREATMENT OUTCOME?  
Davis, Garrett; Spratt, Kevin F.; Abdu, William A.; Zhao, Wenyan; Albert, Anthony; 
Weinstein, James N. 
Dartmouth Medical School, Orthopaedics, Lebanon, US 

 

INTRODUCTION: Previous work has demonstrated that SPORT patients treated for 
lumbar intervertebral disc herniation (IDH) who had PD (Psychological Distress status: 
Depression, Anxiety) treated surgically reported outcomes similar to patients without 
PD. However, PD patients treated non-operatively demonstrated less outcome 
improvement compared to patients without PD. This study was done to assess the 
generalizability of these results to the SPORT spinal stenosis cohort (SpS).  
 
METHODS: Patients with MCS scores ≤ 35 were defined as having PD and, otherwise, 
were classified as not distressed (Not-PD). As treated longitudinal regression 
modeling - including baseline covariates to control for confounding of treatment 
effects due to baseline differences between groups - was used to evaluate patients' 
Bodily Pain (BP), Physical Function (PF) and Oswestry Disability Index (ODI) change 
from baseline outcomes across time.  
 
RESULTS: The SPORT SpS cohort included 634 patients: 65% had surgery, and 14% 
had PD at baseline. PF Changes from baseline are summarized below: 
 

 
 

BP, PF and ODI outcomes were generally unrelated to change from baseline for either 
treatment arm. Considering all 3 outcome across all 4 follow-ups, 10 of the 12 effects 
in the non-operative group and 5 of the 12 effects in the surgical group reflected 
more improvement for those patients with PD, although none were statistically 
significant. The only two significant results demonstrated greater improvement in BP 
and PF at 4-year follow-up for patients without PD. (cont’d) 
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DISCUSSION: These results are not consistent with the reported results for the SPORT 
IDH cohort, as summarized in the introduction. In contrast, these results suggest that 
for the SPORT SpS cohort, PD status has minimal impact on patient outcomes 
regardless of treatment.  
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SP30. BIOMECHANICAL, HISTOLOGICAL AND HISTOMORPHOMETRIC ANALYSES OF 
CALCIUM PHOSPHATE CEMENT COMPARED TO PMMA FOR VERTEBRAL 
AUGMENTATION IN A VALIDATED ANIMAL MODEL  
Antonio, Perez-Higueras1; Jose R, Altonaga2; Jose M, Gonzalo Orden2; Maria L, 
Mariñoso Barba3; Maria T, Carrascal Morillo4; Luis, Alvarez5 
1Fundación Jiménez Díaz, Neuroradiology, Madrid, Spain; 2Leon University, Veterinary 
School, Leon, Spain; 3Hospital del Mar, Pathology and Molecular Anatomy 
Departmnet, Barcelona, Spain; 4UNED., Mechanics Department., Madrid, Spain; 
5Fundación Jimenez Diaz, Spine Service, Madrid, Spain 

 

INTRODUCTION: Calcium phosphate cements (biocements) are alternative materials 
for use in vertebral augmentation procedures, and are a potential solution to 
problems associated with polymethylmethacrylate ( PMMA) cements. The aim of this 
study is to demonstrate the utility of percutaneously injected biocements compared 
with PMMA in a validated animal model of osteoporosis.  
 
METHODS: Forty-seven augmentation procedures were performed on a total of 11 
osteoporotic sheep. Nine vertebrae were augmented with PMMA and 38 with a 
biocement. The animals were sacrificed in 4 groups: at 7 days, 3 months, 6 months, 
and 1 year after intervention. Radiological study and TC of the pieces were obtained 
to evaluate for leakage, cement diffusion, and integration. In total, 26 biomechanic 
studies and 27 histomorphometry analyses were performed, included control 
vertebrae.  
 
RESULTS: In 20.9% of the vertebrae the hole was empty at sacrifice. On 
biomechanical analysis the pattern of fracture was heterogeneous The cement 
augmentation did not increase vertebral strength with either PMMA or the 
biocement compared with control vertebra (p = 0.3320 for PMMA and p = 0.7231 for 
CaP cement). Augmentation did not decrease vertebral stiffness (p = 0.4562 for 
PMMA and p = 0.6548 for CaP cement). No changes were observed over time with 
the biocement. The rate of remodeling of the biocement was not predictable. In the 
single majority there is peripheral remodeling, staying the volume of injected 
biocement stable.  
 
DISCUSSION: Even though this animal model may not be useful to analyze the 
biomechanical pattern of treated vertebrae, it demonstrates that the percutaneous 
use of biocements in vertebral augmentation techniques is not predictable. This is 
one reason not to recommend its use presently as a substitute for PMMA in vertebral 
reinforcement procedures. (cont’d) 
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SP31. SURVIVAL ANALYSIS OF METASTATIC SPINE DISEASE: SURGERY VS. 
CONSERVATIVE TREATMENT  
Moon, Seong Hwan; Lee, Hwan Mo; Lee, Byung Ho; Kim, Seung Hyun; Kim, Sung 
Hoon; Lee, Seung Joo 
Yonsei university, college of medicine, Orthopedic surgery, Seoul, Republic of Korea 

 

INTRODUCTION: Up to date, skillful medical management and advanced surgical 
technique provided increased quality of life with less postoperative morbidities in the 
patients with spinal metastasis. This study presents survival analysis of patients with 
spinal metastasis according to treatment modalities such as surgery Vs. conservative 
treatment.  
 
METHODS: From 2005 to 2010, 565 patients (surgery: 200 cases, conservative 
treatment: 379 cases) who had spinal metastases, were enrolled. Survival analysis 
using Kaplan-Meier and log rank test, was performed in patients with surgery or 
conservative treatment only.  
 
RESULTS: The mean age was 59.7(21-87) years in surgery group and 59.7(7-90) years 
in conservative group. The major primary cancers were lung (40 cases, 21%), liver (27 
cases, 15%), colorectal (22cases,12%) in surgery group, lung (128 cases,34%), liver (50 
cases, 13%) , breast (42 cases,11%) in conservative group. Tomita classifications at 
the time of diagnoses were Tomita VII for 78(39%)case, VI for 63(32%)cases, others 
59(30%) cases in surgery group. In conservative group, VII for 262(69%) cases, VI for 
38(10%) cases, others 79(21%) cases. (p<0.05) The mean Tokuhashi scores were 
8.12±3.09 in surgery group and 8.00±2.80 in conservative group. (P>0.05 or not 
significant) The mean survival after diagnosis of primary cancer was 45.5(0.5~408) 
months in surgery group and 32.7(0.6-189) months in conservative group. (p<0.05) 
There was significant difference in survival rates after diagnosis of primary cancers 
between surgery group and conservative group.(p<0.05 Log-rank test)  
 
DISCUSSION: With this retrospective review of 565 cases with spinal metastasis, 
surgical treatment renders significant increase in overall survival rate compared to 
conservative treatment only. Hence surgical treatment can to be good option to 
increase longevity in indicated patients with spinal metastasis  
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SP32. LONG TERM 2 TO 4 YEAR CLINICAL AND FUNCTIONAL OUTCOMES OF 
MINIMALLY INVASIVE SURGERY (MIS) FOR ADULT SPINAL DEFORMITY  
Anand, Neel; Daroudi, Shideh; Kahwaty, Sheila; Baron, Eli 
Cedars Sinai Medical Center, Spine Center, Los Angeles, US

 

INTRODUCTION: MIS for scoliosis has recently been described. We present the long 
term results  
 
METHODS: 37 pts with greater than 2 yr FU who had MIS Correction of Adult Scoliosis 
were identified. Scoliosis included degenerative (25), idiopathic(6), and iatrogenic(6). 
All underwent one or a combination of 3 MIS techniques: Lateral Transpsoas 
interbody fusion(37), AxiaLIF L5-S1 fusion(18) and multilevel percutaneous pedicle 
screw fixation(35). 35 pts were staged with lateral fusion done first followed by 
posterior instrumentation and fusion including AxiaLIF done 3 days later. 2 pts had 
stand-alone lateral fusion. Fusion was augmented with local bone, Rh-BMP2 and 
DBM. X-Rays, VAS, TIS, ODI and SF-36 were assessed.  
 
RESULTS: Mean age was 67 (range:22 to 84). Mean FU was 34 mths (range:24 to 47). 
Mean EBL and surgical time was 366 cc and 225 min for the lateral fusion with 247 cc 
and 239 mins respectively for the posterior stage. Figure 1 charts the clinical and 
functional outcomes upto 3 yrs. 21 pts had transient thigh pain for 2 to 6 weeks, 2 pts 
had quadriceps palsy that resolved within 6 mths. One pt required removal of a 
proximal screw and 1 pt had an asymptomatic proximal screw fracture. 3 pts needed 
secondary decompression, one for heterotopic ossification and 2 for persistent 
stenosis. 1 pt is since deceased of Renal failure and 1 pt developed an unrelated 
cerebellar haemorrhage that was safely evacuated. Both pts with stand-alone lateral 
fusions developed non-unions. Pre-op Cobb angle was 22 (range:7 to 62), which 
corrected to 7 (range:0 to 22). Global coronal and Sagittal balance was also 
maintained at final FU. All patients had solid fusion on X-ray, confirmed on CT Scan in 
26 pts. No pt had iliac fixation and no sacral screw failures or fractures were noted.  
 
DISCUSSION: A combination of 3 Novel MIS techniques allows comparable correction 
of Adult Scoliosis, with low pseudarthrosis rates and significantly improved functional 
outcomes at 3 years post-op. (cont’d) 
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SP33. ASSESSMENT OF THE INCREMENTAL COST-UTILITY OF SURGERY COMPARED 
TO FAILED MEDICAL MANAGEMENT FOR THE TREATMENT OF HIP, KNEE AND SPINE 
OSTEOARTHRITIS  
Rampersaud, Y. Raja1; Tso, Peggy2; Walker, Kevin2; Eagen, Brendan2; Lewis, Steven1; 
Gandhi, Rajiv3; Davey, Roderrick3; Mahomed, Nizar3; Coyte, Peter4 
1University Health Network, Toronto Western Hospital, University of Toronto, 
Divisions of Orthopaedics and Neurosurgery, 2University of Toronto, Department of 
Health Policy, Evaluation and Management, Faculty of Medicine, 3University Health 
Network, Toronto Western Hospital, University of Toronto, Divisions of Orthopaedics, 
4University of Toronto, and Institute for Clinical Evaluative Science, Department of 
Health Policy, Evaluation and Management, Faculty of Medicine, Toronto, Canada 

 

INTRODUCTION: Demand for surgery for osteoarthritis (OA) of the hip, knee, and 
spine continues to rise. While total hip/knee arthroplasty (THA/TKA) have been 
widely accepted as cost-effective procedures, spine surgeries, decompression and 
decompression with fusion, for the treatment of degenerative conditions remain 
under-funded due to the inconsistency of effectiveness and cost-effectiveness studies 
in the literature.  
 
METHODS: An incremental cost-utility ratio (ICUR) analysis comparing decompression 
and decompression with fusion to THA and TKA, from a health system perspective, 
was based on an observational matched-cohort study of prospectively collected 
outcomes and retrospectively collected costs. The primary outcome (ICUR=$/QALY) 
was determined by using perioperative costs and Short Form-6D (SF-6D) utility 
scores. SF-6D was collected preoperatively and annually over a 5yr follow-up period. 
Utility was modeled over the lifetime, quality-adjusted-life-years (QALY) were 
determined. Surgical cost included total perioperative, inpatient rehabilitation, and 
revision cost for each cohort over 5yrs. Cost per QALY gained was calculated by 
estimating mean incremental (surgery compared to failed medical management) 
lifetime costs and QALYs for each diagnosis group after discounting costs and QALYs 
at 3%. Sensitivity analyses were conducted to determine factors affecting the value of 
each type of surgery.  
 
RESULTS: The lifetime ICUR was $4,091/QALY for THA, $5,038/QALY for TKA, and 
$3,530/QALY for combined spine surgery groups (Fusion=S7,444/QALY and 
Decompression=$3,530/QALY). Values are based on life expectancies of 20.4, 19.1 
and 19.6 yrs for hip, knee and spine patients respectively. The sensitivity analyses 
(outcome, cost, revision rate) did not alter the ranking of the lifetime ICURs.  
 
DISCUSSION: In patients with LSS who have failed medical management, the ICUR for 
spinal stenosis surgery is similar to those of THA and TKA for the treatment of OA 
over the lifetime.  
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SP34. COMPARISON OF TWO DIFFERENT APPROACHES TO THE SPINAL CANAL FOR 
LUMBAR DECOMPRESSION: THE SIGNIFICANCE OF SPINOUS PROCESS 
PRESERVATION  
Morita, Masahiro1; Nakamura, Hiroaki2 
1Izumi Municipal Hospital, Izumi city, Japan; 2Osaka City University Graduate School of 
Medicine, Osaka city, Japan 

 

INTRODUCTION: The purpose of this study is to investigate the significance of 
spinous process preservation in paraspinous unilateral approach for lumbar 
decompression.  
 
METHODS: We performed bilateral inter-laminar decompression using paraspinous 
unilateral approach with cutting of the basal part of spinous process until 2008 and 
without cutting of the spinous process after 2008. Each consecutive 20 patients 
underwent decompression surgery for lumbar spinal canal stenosis (LSCS) with and 
without cutting of the spinous process were chosen as Group-1 and -2. We compared 
patients' status and surgical outcomes at final follow-up between Group-1 and -2 
statistically.  
 
RESULTS: There were 11 men and 9 women with an average age at surgery of 69 
years and mean follow-up period of 42 months in Group-1. There were 10 men and 
10 women with an average age at surgery of 73 years and mean follow-up period of 
25 months in Group-2. There were no differences between Group-1 and -2 for the 
number of levels decompressed, body mass index, operative time, recovery rate of 
Japanese Orthopaedic Association score, changes in low back pain, and the change 
ratio of cross sectional area of the spinal canal decompressed. Conversely, there were 
significant differences for intraoperative blood loss, length of incision, contralateral 
facet joint preservation, and the change ratio of cross sectional area of ipsilateral 
multifidus at the decompression level.  
 
DISCUSSION: This study revealed that paraspinous unilateral approach with spinous 
process preservation could perform decompression less-invasively compared to that 
with cutting of the spinous process in the stand point of intraoperative blood loss, 
skin incision, contralateral facet joint preservation, and ipsilateral multifidus 
preservation, although the differences of degenerative changes in lumbar spine 
between these two methods after long-term follow-up is still unclear.  
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SP35. OUTCOMES AFTER REVISION SURGERY TO TREAT PROXIMAL JUNCTIONAL 
KYPHOSIS  
Okada, Eijiro1; Berven, Sigurd2; Takemoto, Steven2; Abdul-Jabbar, Amir2; Zhang, 
Chao1; Tay, Bobby1; Deviren, Vedat1; Burch, Shane1; Hu, Serena1 
1UCSF, Dept of Orthopaedic surgery, San Francisco, US; 2UCSF, Center for Outcomes 
Research, San Francisco, US 

 

INTRODUCTION: The purpose of this study is to describe the causes of PJK and the 
radiographic and clinical outcomes of surgical correction of PJK in adult spinal 
deformity.  
 
METHODS: Retrospective analysis of a consecutive series of patients treated with 
surgery for adult spinal deformity. Predictor variables for recurrence of PJK include 
comorbidities, and radiographic measures including pelvic incidence, global sagittal 
balance, and deformity correction. Clinical outcomes measures included patient self-
assessment with the SRS-30.  
 
RESULTS: A query of the integrated data repository (2135 consecutive surgeries 
between 2004-2007) identified 26 patients (73% female, mean age 62, initial 
diagnosis: scoliosis 69%, kyphosis 31%) who underwent revision surgery for 
symptomatic proximal junctional kyphosis at the thoracolumbar junction. Mean time 
from index surgery to revision was 51 months. The mean angle of local kyphosis was 
20 degree. Anterolisthesis above the upper instrumented vertebra was present in 
15% and 96% had an adjacent vertebral fracture. The upper instrumented vertebra 
was fractured in 35%, above this vertebra in 54%, and below in 8%. No patient 
required subsequent revision during the follow-up period, the PJK recurrence rate 
was 31%. Osteoporosis (p=0.011), increased pelvic incidence before revision surgery 
(p=0.022), and global sagittal imbalance (p=0.013) after revision surgery were 
associated with PJK recurrence. Mean SRS-30 total scores in subjects were 75 
preoperatively, and 85 at follow-up.  
 
DISCUSSION: Most cases involve a fracture at or adjacent to the upper instrumented 
vertebra. Patients with osteoporosis, a high pelvic incidence before revision surgery, 
and global sagittal imbalance after revision surgery may be at risk for recurrence of 
PJK. Surgical strategies to reduce the incidence of PJK including vertebral 
augmentation, less rigid implants, and more complete restoration of sagittal balance 
require further investigation  



SPECIAL POSTER PRESENTATIONS  

 

 
SP36. CLINICAL COURSE OF SCIATICA IS NOT CORRELATED TO THE PERCENTAGE 
REDUCTION IN DISC HERNIATION  
el Barzouhiel, Abdelilah; Vleggeert-Lankamp, Carmen; Jacobs, Wilco; Peul, Wilco 
Leiden University Medical Centre, Neurosurgery, Leiden, Netherlands 

 

BACKGROUND: In general, the clinical course of acute sciatica is favorable. However, 
the relationship between morphologic changes in disc herniation and clinical course 
is not clear.  
 
METHODS: The study population consisted of 283 patients who were included in the 
Sciatica trial and were randomized to surgery or to prolonged conservative care with 
surgery if needed. Magnetic resonance imaging (MRI) was performed at baseline and 
after 1 year. Morphologic changes in disc herniation were correlated to outcomes as 
assessed by means of the Roland Disability Questionnaire (RDQ), the visual-analogue 
scale (VAS) for leg pain, and the patient's report of perceived recovery during the first 
year according to the intention-to-treat and per-protocol principle using Spearman 
rank correlation coefficients and logistic regression when appropriate.  
 
RESULTS: The disc herniation reduction after one year was 57% in the prolonged 
conservative group and 70% in the surgical group (P= 0.003). There was no 
correlation between the percentage reduction of the herniation and initial size. Low 
correlations were found between the reduction of the disc herniation and the 
improvement in the RDQ and the VAS leg pain. No correlation existed between the 
reduction of the disc herniation and global perceived recovery at one year.  
 
CONCLUSION: Morphologic changes on consecutive MRIs only explain a limited 
variation in symptom improvement. Therefore, morphologic changes on consecutive 
MRIs have limited value in the evaluation of patients with a previous confirmed disc 
herniation.  
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SP37. PARAMETERS AFFECTING SPINAL LOADS DURING SITTING  
Rohlmann, Antonius; Dreischarf, Marcel; Zander, Thomas; Graichen, Friedmar; 
Bergmann, Georg 
Charité - Universitätsmedizin Berlin, Julius Wolff Institut, Berlin, Germany 

 

INTRODUCTION: People with sedentary work often suffer from low back pain. High 
spinal loads, sitting in one position for a long period of time, and whole-body 
vibration are reasons for low back pain. However, sitting can vary greatly. One may sit 
on different types of seats such as stool, chair, physiotherapy ball or knee-stool. The 
posture may also vary. The back may be leaned against a backrest, and the arms may 
be placed on armrests, on the thighs, on a desk or hanging laterally. The upper body 
may be relaxed or erected as well as inclined or declined. In a vehicle, the seat may 
vibrate at different intensity levels, frequencies and directions. All these parameters 
influence the spinal load. The aim of this study was not only to measure the loads on 
a vertebral body replacement (VBR) while sitting but also to determine the influence 
of several parameters on the implant force.  
 
METHODS: Telemeterized VBR were implanted into 5 patients with a compression 
fracture of a lumbar vertebral body. The loads on the implant were measured while 
the patients were sitting on different types of seats in various postures.  
 
RESULTS: Compared to sitting on a stool, the force was on the average 7% higher 
when sitting on a physiotherapy ball and 19% lower when sitting on a knee-stool. 
Without leaning at a backrest, the force was less than 10% lower for sitting on a chair, 
an office chair or a bench. A padded wedge on a stool reduced the force by 10%. 
Leaning against the backrest led to a force reduction of 36%. Placing the arms on the 
thighs reduced the load on the average by 19% compared to when arms were 
hanging. An inclination of the upper body by 15° increased the force by 20%, while 
whole-body vibration increased it by approximately 50%.  
 
DISCUSSION: The measured force varied considerably during sitting, depending on 
the type of seat and the posture. Leaning against a backrest, declining the upper 
body, and supporting the body with the arms strongly reduced the loads.  
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SP38. INCIDENCE OF LUMBAR SPONDYLOLISTHESIS IN PATIENTS WITH SEVERE KNEE 
OR HIP ARTHRITIS  
Hashimoto, Kurando1; Soshi, Shigeru1; Marumo, Keishi1; Tanaka, Takaaki2; Kida, 
Yoshikuni1 
1Jikei University School of Medicine, Tokyo, Japan; 2NHO Utsunomia National Hospital, 
Utsunomia, Japan 

 

INTRODUCTION: The incidence of the combination of lumbar spondylolisthesis and 
knee or hip joint arthritis is unknown. Thus, we investigated the incidence of lumbar 
spondylolisthesis in patients with severe knee or hip arthritis.  
 
METHODS: We studied 189 patients (165 women and 24 men) with knee 
osteoarthritis (OA) and 193 patients (174 women and 19 men) with hip OA. The mean 
age of those with knee OA and hip OA was 73 and 65 years old respectively. They 
underwent radiological examination of the lumbar spine and the knee or hip in a 
supine position before surgery, and underwent total knee or hip arthroplasty. Those 
under 50 years old and with rheumatoid arthritis (RA), trauma, and infection were 
excluded in this study. Spondylolisthesis greater than 3 mm in the lateral x-ray view 
was considered as positive.  
 
RESULTS: Fifty-seven percent of the patients with knee OA were associated with 
spondylolisthesis. On the other hand, the incidence of spondylolisthesis was 20% in 
the patients with hip OA. There was a statistical significance of the incidence of 
spondylolisthesis between knee and hip OA. The relationship between OA grade and 
the incidence of spondylolisthesis was also investigated. The result showed that 
spondylolisthesis was found in 53% and 61% of knee-OA patients with K-L grade 3 
and 4 respectively, and it was found in 18% and 21% of hip-OA patients, respectively. 
There was no correlation between K-L grade and the incidence of spondylolisthesis in 
both knee and hip OA.  
 
DISCUSSION: The incidence of spondylolisthesis was high rate in patients who had 
severe osteoarthritis of knee. L4 nerve root pain arising from lumbar degeneration is 
relatively similar to knee joint pain due to osteoarthritis. Since the patient who 
complains the knee pain has a possibility of spondylolisthesis of the lumbar spine, 
careful examinations will need.  
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SP39. AGE-RELATED CHANGES IN THE MUSCLE THICKNESS OF THE DEEP AND 
SUPERFICIAL ABDOMINAL MUSCLE  
Ota, Megumi1; Ikezoe, Tome2; Kaneoka, Koji3; Izumi, Shigeki4; Fujita, Chisa5; 
Hasegawa, Yousuke5; Numazawa, Takuya5; Mayumi, Shogo5; Sakuma, Kaoru6; 
Ichihashi, Noriaki2 
1Graduate School of Sport Sciences, Waseda University, Saitama, Japan; 2Graduate 
School of Medicine, Kyoto University, Kyoto, Japan; 3Faculty of Sport Sciences, 
Waseda University, Saitama, Japan; 4Faculty of Sports and Health Studies, Hosei 
University, Tokyo, Japan; 5Tokyo Eisei Gakuen College, Tokyo, Japan; 6Hyogo 
Prefectual Rehabilitation Center at Nishi-Harima, Hyogo, Japan

 

INTRODUCTION: It is well known that degenerative changes associated with aging 
occur in skeletal muscles. However, there are only a few studies that have focused on 
age-related changes in abdominal muscles. We investigated the age-related changes 
in the muscle thickness of the deep and superficial abdominal muscles.  
 
METHODS: The subjects comprised 100 women who could walk unassisted or with a 
walking aid. All subjects were informed about our study and provided a written 
informed consent. They were classified into 5 groups: young (26 subjects; 20 to 24 
years), young adult (24; 25 to 44), middle-aged (16; 45 to 64), young-old (16; 65 to 
74), and old-old (18; 75 to 85). Muscle thicknesses of the right rectus abdominis (RA), 
external oblique (EO), internal oblique (IO), and transversus abdominis (TrA) were 
measured using ultrasonography. Differences in muscle thickness between the 
groups were examined using ANOVA and post-hoc test. Significance was recognized 
at p < 0.05.  
 
RESULTS: The RA thickness in the middle-aged (8.2 mm), young-old (7.8 mm), and 
old-old (7.0 mm) groups were significantly thinner than that in the young group (11.3 
mm). Similarly, the EO thickness in the middle-aged (5.9 mm), young-old (4.4 mm), 
and old-old (4.1 mm) groups were significantly thinner than that in the young group 
(7.7 mm). The IO thickness in the middle-aged (8.2 mm), young-old (7.1 mm) and old-
old (5.8 mm) groups were significantly thinner than that in the young group (11.0 
mm). On the other hand, as for the TrA thickness, a significant difference was found 
between only the young (4.4 mm) and old-old (3.4 mm) groups.  
 
DISCUSSION: The RA, EO and IO were decreased after middle-aged. However, only 
the TrA was maintained until becoming elderly. Our results suggest that the TrA 
among abdominal muscles is the least affected by aging.  
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SP40. FINDINGS OF A PILOT, RANDOMIZED CONTROLLED TRIAL FOR NON-SPECIFIC 
LOW BACK PAIN IN THE US MILITARY  
Campello, Marco1; Weiser, Sherri1; Ziemke, Gregg2; Hiebert, Rudi1; Fox, Bryan2; 
Nordin, Margareta1 
1NYU Langone Medical Center, Occupational and Industrial Orthopedics Center, New 
York City, US; 2US Navy, Department of Orthopedics, Norfolk, VA, US 

 

INTRODUCTION: This pilot study evaluated the effect of a multidisciplinary, 
biopsychosocial-based treatment and management program for acute, non-specific 
low back pain in the US military. 
 
METHODS: The study design was a pilot, randomized controlled trial nested within an 
inception cohort. The study population was active duty US Navy and Marine Corps 
personnel stationed at a large naval base. Personnel with new episodes of low back 
pain were tracked for four weeks, after which a second evaluation was completed. If 
the back pain had not resolved, the individual had the opportunity to enroll in the 
pilot, randomized controlled trial. The 'Backs to Work' program was the intervention 
arm. The control arm was the US Navy standard of care. 
 
RESULTS: Of 253 individuals enrolled in the cohort, 33 people still had back pain after 
4 weeks and volunteered to enroll in the nested randomized controlled trial. Eleven 
withdrew and one was excluded. Ten were randomized to Backs to Work program 
and eleven were randomized to usual care. There was no cross over and there was no 
differential withdrawal. There was no statistically significant change in measures of 
physical condition in either arm of the study. The mean Oswestry score in the 
intervention arm improved significantly following intervention as compared to the 
control arm (10 points difference p=0.014). Fear avoidance beliefs, pain 
catastrophizing, depression and satisfaction with care improved following treatment 
among the intervention as compared to the control arm, but not statistically 
significantly so.  
 
DISCUSSION: The implementation of a multidisciplinary intervention program in a 
military facility was successful. Although both groups were back at work at the end of 
the follow-up period, the intervention arm program showed a clinically significant 
improvement in the perception of disability. This is an important finding since 
perception of disability is consistently associated with functional outcome.  
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SP41. DOMINANT-NEGATIVE TNF EFFECTIVELY ANTAGONIZES IL-1Β-INDUCED 
CATABOLIC CHANGES IN HUMAN INTERVERTEBRAL DISC CELLS  
Pichika, Rajeswari1; Penta, Kalyani2; Yoshikawa, Tomoaki1; Hemmad, Aseem1; 
Szymkowski, David3; Benette, Francois4; Masuda, Koichi1 
1University of California, San Diego, Orthopaedic Surgery, La Jolla, US; 2Medtronic 
Spinal and Biologics, Sunnyvale, US; 3Xencor, Monrovia, US; 4Mie University Graduate 
school of Medicine, Sunnyvale, US 

 

INTRODUCTION: Dominant-negative tumor necrosis factor-α (DN-TNF) is comprised 
of engineered variants of human TNF that do not bind to TNF receptors, but exchange 
subunits with native homo-trimers, forming inactive heterotrimers. DN-TNF inhibits 
soluble TNF (solTNF), but not membrane-bound TNF, eliminating the undesirable 
effects of solTNF inhibitors or antibodies. In the present study, the biologic effects of 
DN-TNF (XPro® 1595) on the catabolic activity of human primary IVD cells were 
investigated.  
 
METHODS: Human nucleus pulposus (NP) and anulus fibrosus (AF) cells from five 
separate donors (MRI grades 2-3; mean age, 59-years-old) were cultured in alginate 
beads. After 7 days preculture in complete media, IVD cells were serum-starved 
overnight and then treated for 48 hrs with one of the following conditions in the 
absence of serum: 1) control (DMEM/F12); 2) IL-1β (10 ng/mL); 3) DN-TNF 
[XPro®1595], 0.1-10 ng/mL; from Xencor), or 4) IL-1β (10 ng/mL)+DN-TNF. After 48 
hours, levels of total nitrite, TNF-α, matrix metalloproteinase-3 (MMP-3) and 
prostaglandinE2 (PGE2), and caspase-3 and -9 released into the media were assessed. 
Statistical analyses were performed using two-way ANOVA and the Scheffe's test.  
 
RESULTS: IL-1β significantly stimulated the production of total nitrite, TNF-α, MMP-3 
and PGE2 (Figure), and upregulated caspase-3 and -9 (p<0.001). DN-TNF significantly 
counteracted these increases induced by IL-1β for all targets (p<0.01).  
 
DISCUSSION: Our studies showed that DN-TNF, which only affects the solTNF 
receptor, significantly inhibits the IL-1β-induced release of TNF-α, one of the players 
in the pathobiology of IVD degeneration, from human NP and AF cells. DN-TNF not 
only decreased the production of cytokines, but also inhibited the secondary 
induction of other factors, suggesting that TNF is a key regulator of IVD catabolism. 
The in vivo use of DN-TNF may have clinical benefits; its efficacy to inhibit catabolism 
in an in vivo animal model should be tested. (cont’d) 
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SP42. LOCAL ANESTHETICS ARE CYTOTOXIC TO INTERVERTEBRAL DISC CELLS IN 
CULTURED RABBIT EXPLANTS  
Lenart, Brett A.; Al-Shihabi, Laith; Chee, Ana; Park, Christian; Zhang, Yejia; An, 
Howard S. 
Rush University Medical Center, Department of Orthopedic Research, Chicago, IL, US 

 

INTRODUCTION: Accelerated progression of lumbar intervertebral disc (IVD) 
degeneration after discography has been reported by Caragee et al. Our working 
hypothesis is that local anesthetics (Lidocaine, Bupivacaine) injected into the disc 
space during discography are cytotoxic. Previously, we compared the cytotoxic 
effects of two anesthetic agents, using bovine IVD cells cultured in alginate. While the 
concentration of anesthetics is constant in the in vitro culture system, agents injected 
in vivo could diffuse out of the IVD, resulting in lowering concentrations with time. As 
a result, the observed toxicity in cell culture may be more severe than when injected 
in vivo. In this study, we examined the effects of these agents on IVD cells in the 
cultured rabbit disc explants, which more closely resemble in vivo conditions.  
 
METHODS: IVDs were dissected from New Zealand White rabbits and injected with 
eight µl of either: 0.9% Saline (control), Lidocaine (1%), and Bupivacaine (0.5%). The 
IVD explants were incubated at 37°C for 20 minutes, followed by incubation at 37°C 
in a 1 mg/ml solution of 3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl-tetrazolium 
bromide (MTT) in phosphate-buffered saline for 6 hours. The nucleus pulposus (NP) 
tissue of each IVD was then dissected and dissolved in Chromasolv (Sigma). 
Absorbance of supernatant at 570 nm was measured, normalized to NP wet weight 
and compared between groups.  
 
RESULTS: Cell survival was assessed with the MTT reduction assay. NP cells in 
explants injected with Lidocaine (n= 7, P<0.01) and Bupivacaine (n= 3, P = 0.03) 
showed significantly more cell death than in explants injected with with saline (n = 7).  
 
DISCUSSION: Cell death of NP cells occurred when the IVD explants were injected 
with two commonly used local anesthetics for discography. The results of this and 
future in vivo studies will enable us to understand the toxicity of these agents on IVD 
cells and help guide clinical utilization of these agents in discography.  
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SP43. CAN WE CONSIDER ADJACENT SEGMENT DISEASE AS BEING CAUSED BY 
FUSION?: OBSERVATIONS IN 319 CASES OF FOLLOW-UP MRI  
Jeon, Chang-Hoon; Chung, Nam-Su; Park, Do-Young; Kim, Tae-Hun 
Ajou University Medical Center, Department of orthopedic Surgery, San 5, 
Wonchondong, Suwon, Kyounggido, Republic of Korea

 

 INTRODUCTION: Spinal fusion may affect the biomechanics of its adjacent segments. 
The biomechanical hypothesis regarding development of adjacent segment disease 
(ASD) has been relentlessly questioned in many literatures. Using a large series of 
follow-up MRI, we investigated the characteristics of ASD in lumbar spine after fusion 
as well as associated risk factors.  
 
METHODS: A total of 319 patients who had been treated surgically or medically for 
lumbar degenerative disease were included. MRI for each patient was done twice; 
once before index treatment and the last follow-up (more than 1 year). They were 
grouped as the anterior interbody fusion (AIF), posterolateral fusion (PLF), 
decompression and conservative treatment. The progression of the disc degeneration 
and the occurrence of stenosis/herniation at the 3 adjacent levels were assessed with 
three observers. Chi-square test and logistic regression were conducted to analyze 
each parameters and relevant risk factors.  
 
RESULTS: The mean follow-up duration was 54¡¾35.6(12~192) months. The 
progression of disc degeneration and the occurrence of stenosis/herniation were not 
different among the AIF, PLF and decompression (p=0.553, 0.277). Pfirrmann grade 3 
was the most vulnerable for ASD.  

 
% Disc 
degeneration 

% 
Stenosis/Herniation 

% upper 
adjacent ASD 

% lower 
adjacent ASD 

% distant 
lesion 

AIF (N=95) 22.8 5.1/6.9 78.6/76.4 20.9/18.8 0.5/4.8 

PLF (N=92) 18.9 5.8/1.6 55.3/52.8 29.1/22.8 15.6/24.4 

Decompression 
(N=46) 

16.0 1.2/3.1 100 0 0 

Conservative 
(N=86) 

5.8 0 - - - 

Type of surgery, gender, age, follow-up duration (more than 2 years) was not relevant 
for ASD. The only significant factor was the preexisting disc degeneration for adjacent 
disc degeneration (p=0.041) and the occurrence of stenosis/herniation (p=0.011).  
 
DISCUSSION: Although spinal fusion may cause the biomechanical stress on its 
adjacent levels, we do not consider the ASD as a late complication of spinal fusion. 
Biomechanical alterations were not important for the development of ASD.  
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SP44. A BIOMECHANIC COMPARISON OF BICORTICAL SACRAL SCREW VERSUS A 
UNICORTICAL AND ALA SCREW FIXATION SYSTEM  
Paxinos, Odysseas1; Zindrick, Michael R2; Voronov, Leonard3; Havey, Robert3; Lorentz, 
Mark4; Tsitsopoulos, Parmenion5; Ghanayem, Alexander5; Patwardhan, Avinash3 
1251 Hellenic Air Force Hospital, Orthopaedics, Athens, Greece; 2Adventist Hinsdale 
Hospital, Hinsdale Orthopaedic Associates, Hinsdale IL, US; 3Edward Hines Jr, VA 
Hospital, Musculosceletal Biomechanics Laboratory, Hines, IL, US; 4Hinsdale 
Orthopaedic Associates, Orthopaedics, Hinsdale IL, US; 5Loyola University Medical 
Center, Orthopaedic Surgery and Rehabilitation, Maywood, IL, US 

 

INTRODUCTION: The aim of this study was to evaluate the fatigue strength of a sacral 
fixation system that uses a unicortical and an ala screw construct versus a bicortical 
sacral screw that exits in the promontory.  
 
METHODS: A total of 10 human sacrums were pQCT before testing to determine 
BMD. Each sacrum was instrumented with both systems in a random order. Insertion 
torque was measured. Fatigue testing was performed in the MTS machine with 
flexion-extension cycling in a range of 0 to +-10 Nm. Displacement was recorded with 
LVDT sensor. Toggling of the screw was measured with an angle sensor secured to 
the rod connector. Displacement and angle values provided data for a stiffness test 
every 200 cycles. Six specimens were cycled 20.000 and six 30.000 times. A pullout 
test was performed using the INSTROM machine at a constant rate of 10mm per 
minute and a range of tension forces of 200 to 500 Kgr. Non parametric statistical 
analysis of the results was used and level of significance was set to 0.05  
 
RESULTS: Average displacement after 20.000 cycles was 0.49 mm (SD:0.32) for the 
unicortical and ala screw system and 0.29 mm (SD:0.05) for the bicortical screw. 
Average angle displacement was 1.89° (SD: 1.83) for the unicortical and 1.27° (SD: 
0.5) for the bicortical. Caudal migration as a result of the continuous loading was 0.44 
mm (SD: 057) for the unicortical and 0.53mm (SD: 0.14) for the bicortical. These 
differences were not statistically significant (p<0.05). Pullout strength was 79.01 Kgr 
(SD: 75.3) for the unicortical and 145.52 Kgr (SD: 114.86) although this difference was 
not statistically significant (p<0.05) (Fig1).  
 
DISCUSSION: Bone mineral density is a significant factor affecting the behavior of 
sacral fixation systems. Fatigue testing is a more reliable method to test the behavior 
of spinal implants. No statistically significant difference was found between the two 
systems after fatigue testing under a flexion-extension moment.  
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SP45. CAN MRI REPLACE MYELOGRAPHY OR CT MYELOGRAPHY IN LUMBAR SPINAL 
STENOSIS?  
Sasaki, Kanji; Hasegawa, Kazuhiro; Shimoda, Haruka; Homma, Takao 
Niigata Spine Surgery Center, Niigata City, Japan 

 

Background: To date, MRI has been used as the first choice to diagnose lumbar spinal 
stenosis (LS) while myelography being gradually replaced. A prospective study 
comparing the accuracy of MRI, myelography, and CT myelography (CTM), however, 
has never been performed. The purpose of this study is to compare significance of 
MRI, CT and myelography regarding operative indication.  
Materials and  
METHODS: 128 cases which we suspected LS by physical examination were included. 
Firstly we took MRI, and defined nerve compression by sagittal view in T2-weighted 
MRI (MRS+ in 48 cases) and axial view (MRA+ in 71 cases). We also performed 
myelography and CTM for the cases that we planned operations or couldn't diagnose 
clearly by MRI. In myelography, Hourglass shadow was defined as compression sign 
(MC+) and deterioration of stenosis by lumbar extension was defined as dynamic 
synthesis (MD+). In the same way, we defined compression of CTM axial view (CTS+). 
Surgical procedures were performed for 77 cases. We investigated significant factor 
to diagnose and the side effects of myelography.  
 
RESULTS: MC+ was 83 cases, including 22 MRS-/MRA-. MD+ was 63 cases including 
16 MRS-/MRA-. CTS+ was 92 cases and closely correlated with MRA+ (88% of CTS+). 
MC+, CTS+ and MD+ had close relationship (P<0.001) with surgery. 24 surgical cases 
showed no compression in MRI and 16 cases among them were MC+. 5 cases 
experienced side effects (3 headache/nausea and 2 leg pain) with myelography who 
improved spontaneously.  
 
CONCLUSION: We underwent surgery for the cases with dynamic stenosis 
represented by myelography who showed no nerve compression in MRI, resulting in 
overall improvement of the symptom. We can find hidden stenosis with predominant 
dynamic factor which can be missed by MRI. Therefore MRI cannot replace 
myelography.  
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SP46.  TOXICITY OF METHYLENE BLUE IN THE EPIDURAL SPACE  
O'Neill, Conor; Thullier, Daniel; Buser, Zorica; Liebenberg, Ellen; El Naga, Ashraf; 
Coughlin, Dezba; Lotz, Jeffrey 
University of California, San Francisco, Department of Orthopedics, San Francisco, US 

 

INTRODUCTION: Methylene blue (MB) is toxic to nociceptors. A recent randomized 
placebo-controlled trial demonstrated a significant treatment effect of intra-discal 
MB in patients with discogenic pain, presumably due to denervation of the disc (1). 
The neurolytic effect of MB may be dangerous, though, if it leaks in to the spinal 
canal. There are case reports of spinal cord necrosis following intra-thecal MB, but no 
information on the toxicity of epidural MB. The purpose of this study was to 
determine the neurotoxic effects of MB injected into the epidural space using a rat 
model. 
 
METHODS: Four adult rats were studied. Under isoflurane anesthesia the dorsal 
aspect of the lumbosacral level was surgically exposed. A 25 gauge needle was placed 
into the epidural space and 0.5 cc of 1% MB injected. The rats were euthanized at 24 
hours followed by spine explantation, formalin fixation, serial sectioning, H/E 
staining, and microscopic examination. 
 
RESULTS: There was no MB visible in the epidural space in one rat, indicating a 
technical failure. Of the 3 rats with successful epidural injections one had unilateral 
hindlimb paralysis and one had bilateral hindlimb paralysis. There was no evidence of 
spinal cord or nerve root trauma or injury on histologic examination. 
 
DISCUSSION: These results suggest that MB is neurotoxic if injected into the epidural 
space. Further studies are needed to confirm these findings as well as to determine 
the mechanism of toxicity and dose response relationship. Until these studies are 
done intra-discal injection of MB for discogenic pain should only be done on discs 
that have an intact annulus, as verified by discography. 
1. Peng et al. A randomized placebo-controlled trial of intradiscal methylene blue 
injection for the treatment of chronic discogenic low back pain. Pain (2010) vol. 149 
(1) pp. 124-129  
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SP47. ANTERIOR ALONE LUMBAR INTERBODY FUSION WITH RHBMP-2: A 
PROSPECTIVE STUDY OF CLINICAL AND RADIOGRAPHIC OUTCOMES  
Ewing, Laura1; Lisle, David2; Pearcy, Mark1; Licina, Paul3 
1Queensland University of Technology, Brisbane, Australia; 2Holy Spirit Northside 
Hospital, Brisbane, Australia; 3Holy Spirit Northside Hospital and Queensland 
University of Technology, Brisbane, Australia 

 

INTRODUCTION: The use of an anterior lumbar plate and rhBMP-2 has made anterior 
lumbar interbody fusion (ALIF) surgery a more attractive proposition, with an 
increase in fusion rates obviating the need for a separate posterior procedure and 
bone graft harvest.  
 
METHODS: 42 patients undergoing anterior alone single-level L5/S1 ALIF with rhBMP-
2 were prospectively studied. All surgeries were performed on carefully selected 
patients with discogenic back pain, isolated L5/S1 degeneration and no psychological 
confounders. Surgery was performed using a Synthes titanium cage packed with 
Medtronic BMP Infuse and secured with a plate. At 12 months, patients were 
assessed radiologically with thin-slice CT scans and clinically using the Oswestry 
Disability Index (ODI) and Visual Analogue Scales (VAS) for back and leg pain. Because 
of high fusion rates, the study was concluded at this time point to avoid further 
radiation.  
 
RESULTS: The average pre-operative ODI was 46%, back VAS was 6.6 and leg VAS was 
4.3. The average post-operative scores at 12 months were significantly improved 
(p<0.001) at 13%, 1.8 and 1.3 respectively. 88% of patients had a clinically significant 
improvement of ODI (at least 15 points) and no patients were worse according to 
their ODI. 90% showed clinically significant improvement on back VAS (at least 2 
points). The radiological evaluation of fusion at 12 months assessed 97% of patients 
(41 of 42) as having solid fusion with bridging bony trabeculae in upper, central and 
lower areas of the cage. The remaining patient had a functionally solid but 
incomplete fusion (locked pseudarthosis). Average operative time was 97 minutes, 
average hospital stay was 2.3 days and blood loss was less than 200mL in all cases. 
There were no significant complications.  
 
DISCUSSION: Anterior alone L5/S1 lumbar interbody fusion for low back using rh-
BMP2 results in significant relief of symptoms and an excellent fusion rate at 12 
months, in carefully selected patients.  
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SP48. CLINICAL OUTCOME AND RADIOGRAPHIC ASSESSMENT OF LATERAL LUMBAR 
INTERBODY FUSION PERFORMED AS A STAND-ALONE PROCEDURE  
Pumberger, Matthias; Kotwal, Suhel; Gogia, Jaspaul; Lebl, Darren R; Caridi, John M; 
Abjornson, Celeste; Hughes, Alexander P; Sama, Andrew A; Cammisa, Frank P; Girardi, 
Frederico P 
Hospital for Special Surgery, New York, US 

 

INTRODUCTION: Lateral lumbar inter-body fusion (LLIF) through a minimally-invasive 
transpsoatic approach has gained growing interest in recent years. We hypothesize 
that careful selection of the surgical candidate, LLIF may be successfully performed as 
a stand-alone procedure.  
 
METHODS: We performed a retrospective review of all stand-alone LLIF procedures 
between 2006 and 2009. Each patient underwent LLIF without same stage posterior 
fixation at first surgery. Patient charts were reviewed for patient demographics, 
surgical indications, medical co-morbidities and patient derived outcomes (ODI and 
SF-12). Pre-, initial post- and final follow-up radiographs were analyzed. Peri-
operative parameters including number of levels, cage sizes and bone graft materials 
were gathered.  
 
RESULTS: Stand-alone LLIF was performed in 77 (166 levels) patients (58 female, 19 
male) at a mean age of 62 (36-82) years and 28.2 (18.9-39.1) BMI. Fusion was 
confirmed by CT scan and dynamic flexion-extension radiographs at 154 levels in 69 
patients. Average radiographic follow-up was 9.5 months (range 5-23) and clinical 
follow-up was 18.5 months (8-55). There was an average correction of 2.9 degrees of 
coronal angulation, and 4.2 degrees of lordosis at each level. In 50 patients with pre-
operative positive sagittal balance of 61.7 mm, restoration to 38.4 mm was achieved. 
Eight patients required posterior instrumentation due to pseudarthrosis, loss of 
correction, axial back pain, endplate fractures, or subsidence. 16 patients had end 
plate fracture leading to subsidence at 21 levels. There were no cases of 
neurovascular injury or cage dislocation.  
 
DISCUSSION: Stand-alone LLIF is a valuable tool for achieving fusion with low peri-
operative morbidity. Our findings indicate positive sagittal balance, lumbar kyphosis, 
high BMI, osteoporosis, previous laminectomy, and cage selection are predictors of 
poor outcomes. These results may help to identify appropriate patient selection 
factors.  
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SP49. ROLE OF BIOMOLECULES ON CROSS-PLY MECHANICS OF THE ANNULUS 
FIBROSUS  
Isaacs, Jessica1; Vresilovic, Ed2; Marcolongo, Michele3 
1Drexel University, Department of Mechanical Engineering, Philadelphia, US; 
2Pennsylvania State University, Department of Orthopedic Surgery, Harrisburg, US; 
3Drexel University, Department of Materials Science and Engineering, Philadelphia, US 

 

INTRODUCTION: The AF is composed of unidirectional collagen fiber lamellae. 
Consecutive lamellae run in opposite directions at a fiber angle of 60°. Collagenase 
(COL), Elastase (ELA) and Chondroitinase ABC (ChABC) enzymes effects the AF by 
removing collagen, elastin and proteoglycans from the tissue. To understand the 
mechanical consequences of these biomolecules, we developed a lamellar model 
under degenerative conditions to test annulus cross-ply interlamellar biomechanics 
using a micro-mechanical test protocol.  
 
METHODS: Samples were sectioned from human cadaver AF. The samples were 
placed into groups and subjected to a digestion protocol which included either: 
Collagenase, Elastase or Chondroitinase ABC. Samples were tested until failure at an 
average strain rate of 0.02 mm/sec.  
 
RESULTS: Key findings showed the COL reduced properties for UTS from control. Both 
the Elastase-treated and Chondroitinase ABC-treated groups also resulted in 
reduction of the UTS by about half.  

 
 
DISCUSSION:The reduction in properties in the COL group indicate the importance of 
collagen to the tensile strength of the annulus fibrosus. Reduction in the ELA and 
ChABC groups suggests that elastic fibers function to guide and restrain the 
deformation of the collagen matrix and that on their removal the collagenous 
elements play a more dominant role in the tissue mechanics. 
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SP50. A NOVEL IN VITRO EXPLANT MODEL FOR STUDIES OF CELLULAR MIGRATION 
IN INTERVERTEBRAL DISCS  
Barreto Henriksson, Helena1; Svala, Emilia2; Skioldebrand, Eva1; Junevik, Katarina1; 
Lindahl, Anders1; Brisby, Helena3 
1Institution of Biomedicine, Dept. of Clinical Chemistry and Transfusion Medicine, 
Gothenburg, Sweden; 2Swedish University of agricultural Sciences, Dept. of Biomedical 
Sciences and Veterinary Public Health, Uppsala, Sweden; 3Inst. of Clinical Sciences, 
Dept. of Orthopaedics, Gothenburg, Sweden

  
INTRODUCTION: Normal regeneration of the intervertebral disc (IVD) and 
accompanying cellular activity is sparsely described. Increased knowledge of IVD 
cellular migration capability is therefore of interest from a regeneration tissue 
engineering perspective.  
 
METHODS: Whole lumbar IVDs were harvested from adult New Zealand rabbits 
(n=10), age 9-13 months. IVD cells were isolated from 10 rabbit IVDs. Two sets of 
explant studies were performed: migration capability of 1) small/large cells and 2) of 
growth-and-differentiation-factor-5 (GDF5) positive cells was examined. Small/large 
cells (forward scatter function) and GDF5+ (with an antibody directed toward GDF5, 
Santa Cruz Biotechnology) were sorted from the total cellpopulation using a Facsaria 
flowcytometer. Ten thousand flurorcence labelled cells were pippeted on top of each 
explant and the explant were cultured in DMEM/F12 with 10% rabbit serum. Explants 
were harvested after 2, 7, 12, 16 days.and parraffin sections were investigated for 
migrating cells with fluoroscence microscopy Nikon Eclipse90i (all explants) and 
confocal microscopy, Zeiss LSM510 (GDF5 explants).  
 
RESULTS: Small cells showed a higher capability to migrate through the annulus 
fibrosus of the IVD explants compared to large cells. The GDF5+ cells were found in 
the deepest tissue level of the explants at 1300 μm depth (measured from the 
explants surface) and mean calculated speed for GDF5+ migrating cells were 0. 1 
mm/day.  
 
DISCUSSION: The results demonstrate the capability of cells to migrate through IVD 
tissue. The cell population of the small-sized GDF5+ cells most likely represents a 
prechondryctic cell population with good migration capability that participates in 
normal growth and regeneration of the normal IVD. This could be a useful model in 
order to understand cellular activity within the IVD.  
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SP51. PROLIFERATIVE RESPONSE OF HUMAN INTERVERTEBRAL DISC CELLS TO 
EXOGENOUS AND AUTOCRINE GROWTH FACTORS: INVOLVEMENT OF PIVOTAL 
SIGNALING PATHWAYS  
Pratsinis, Harris1; Constantinou, Vasos1; Pavlakis, Kitty2; Sapkas, George3; Kletsas, 
Dimitris1 
1NCSR "Demokritos", Institute of Biology, Athens, Greece; 2University of Athens, 
Department of Pathology, Medical School, Athens, Greece; 3University of Athens, A' 
Department of Orthopaedics, Medical School, Athens, Greece

 

 INTRODUCTION: Intervertebral disc (IVD) degeneration is frequently accompanied 
by increased cell proliferation, probably as a tissue regenerative response. We have 
shown previously that PDGF, bFGF and IGF-I induce proliferation of quiescent bovine 
coccygeal IVD cells through the activation of ERK and PI 3-K/Akt pathways. In the 
present work, we are extending these studies in human primary IVD cell cultures. 
 
METHODS: Primary cultures were developed from human biopsies using standard 
methodology. Cell proliferation was assessed based on tritiated thymidine or 5-
bromo-2'-deoxyuridine incorporation into cellular DNA, and FACS analysis of DNA 
content after propidium iodide staining. Intracellular signaling cascade-activation was 
examined in cultured cells by immunoblotting and in tissue sections by 
immunocytochemistry using special phospho-specific antibodies. 
 
RESULTS AND DISCUSSION: Quiescent human IVD cell cultures - similarly to bovine 
ones - were stimulated to enter the cell cycle by PDGF, bFGF and IGF-I, through the 
activation of MEK/ERK and PI 3-K/Akt signal transduction pathways. These 
observations were reproduced similarly in both nucleus pulposus (NP) and annulus 
fibrosus (AF) cell cultures. Furthermore, medium conditioned by human IVD cells 
induced DNA synthesis in cultures of the same cell type or of the adjacent one, 
indicating the secretion of growth factors capable to act in autocrine and paracrine 
manners. This conditioned medium was also inducing the autocrine activation of 
MEK/ERK and PI 3-K/Akt pathways. Immunohistochemical studies in the biopsies, the 
cell cultures originated from, have shown significant phosphorylation of both ERK and 
Akt, which was most prominent in the clusters of proliferating cells and only rarely 
observed in single cells. Our data provide a clue for the cell proliferation mechanisms 
accompanying the degeneration of the human disc. 
Supported by the European Union (GENODISC project; HEALTH-F2-2008-201626)  
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SP52.  EFFECTS OF CYCLIC STRAIN ON THE ACTIVATION OF SIGNALING PATHWAYS 
AND THE PROLIFERATIVE BEHAVIOUR OF INTERVERTEBRAL DISC CELLS IN VITRO  
Pratsinis, Harris1; Iconomopoulos, Spyros1; Neidlinger-Wilke, Cornelia2; Kletsas, 
Dimitris1 
1NCSR "Demokritos", Institute of Biology, Athens, Greece; 2University of Ulm, Institute 
of Orthopaedic Research and Biomechanics, Ulm, Germany 

 

INTRODUCTION: The intervertebral disc (IVD) has the capacity to cope with various 
stresses, such as osmotic stress or mechanical loads. The latter, though, are also 
considered as a major cause of its degenerative disorders. Hence, many studies have 
examined the role of mechanical stress on disc cell physiology, most of them focusing 
on the expression of extracellular matrix (ECM) molecules or indicators of 
inflammation. There are, however, only limited data regarding the proliferative 
response of IVD cells to this stress. Accordingly, aim of the present work was the in 
vitro study of the proliferative behaviour of annulus fibrosus (AF) cells as a 
consequence of cyclic strain.  
 
METHODS: Primary cultures from outer AF were developed from human and bovine 
intervertebral discs using standard methodology. The cells were plated on specially 
designed fibronectin-coated silicon dishes to facilitate attachment, and they were 
subjected to cyclic strain using a cell-stretching device allowing for the regulation of 
both magnitude and frequency of the strain. Cell proliferation was assessed using 
tritiated thymidine incorporation, FACS analysis of DNA content, as well as, direct cell 
counting by means of a Coulter counter. Intracellular signaling cascade-activation was 
examined by immunoblotting using special phospho-specific antibodies.  
Results and  
DISCUSSION: Cyclic strain was found to induce in a magnitude-dependent manner 
the phosphorylation of both extracellular-signal regulated kinases (ERKs) and Protein 
Kinase B (PKB)/Akt, two pivotal signaling entities involved in the transduction of 
proliferative signals. However, no significant effects on the cell cycle profiles and on 
cell proliferation were detected, regardless of the magnitude, the frequency or the 
duration of the strain, possibly indicating that AF cells possess adaptive mechanisms 
in order to sustain their cell number in response to mechanical stress. 
Supported by the EU (GENODISC project; HEALTH-F2-2008-201626)  
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SP53. IS THE MORPHOLOGY AND SIZE OF SCHMORL'S NODES OF THE LUMBAR 
SPINE RELATED TO SEVERITY OF DISC DEGENERATION?  
Mok, Florence PS1; Samartzis, Dino2; Karppinen, Jaro3; Fong, Daniel4; Luk, Keith2; 
Cheung, Kenneth2 
1The University of Hong Kong, Orthopaedic & Traumatology, Hong Kong, Hong Kong; 
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INTRODUCTION: We have recently confirmed that the presence of Schmorls nodes 
(SN) was highly associated with disc degeneration in a large population-based cohort 
study in Southern Chinese. Based on our previous proposed classification system of 
SN, we attempt to further address the association of SN characteristics and the 
severity of disc degeneration.  
 
METHODS: Two independent observers assessed sagittal T2-weighted MRIs of the 
lumbar spine (N=2,449) for the presence and characteristics of SN, and additional 
radiologic features. The patterns of SN characteristics were assessed by hierarchical 
clustering methods. Generalized linear models were used to assess the associations 
of the shape and size of SN with disc degeneration severity.  
 
RESULTS: Total 401 subjects with SN (16.4%) were included in the analysis. 
Hierarchical clustering showed Typical SN were usually smaller in size with shape 
Type 1 to 3 (i.e. indented endplate, sharp or rounded shape) whereas Atypical SN 
were larger with shape Type 4 to 5 (i.e. rectangular or irregular shape). 8.3% of all 
identified SN (n=960) were Atypical SN. Multivariate ordinal logistic regression 
adjusted for gender, age, body mass index, smoking status, presence of disc 
bulge/extrusion, and high intensity zone showed that atypical SN and typical SN, 
depending on the lumbar levels, were associated with 5 to 13-fold and 2 to 4-fold 
higher risk of increased severity of disc degeneration, respectively (p < 0.05).  
 
CONCLUSIONS: This was the first study to address the relationships of SN 
morphology to the severity of disc degeneration. The associations of SN morphology 
with disc degeneration severity might be clinically relevant.  
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SP54. GENOTOXIC STRESS ACCELERATES INTERVERTEBRAL DISC MATRIX LOSS  
Vo, Nam1; Aurelio Nasto, Luigi1; Wang, Dong2; Robinson, Andria1; Clauson, Cheryl1; 
Dong, Qing1; Choe, So Ra1; Sowa, Gwendolyn1; Lee, Joon1; Roughley, Peter3; 
Niedernhofer, Laura1; Kang, James1 
1UPMC, Pittsburgh, US; 2Beijing Haidian Hospital, Beijing, China; 3McGill University, 
Montreal, Canada 

 

INTRODUCTION: Disc proteoglycan (PG) loss is associated with aging, which 
contributes to intervertebral disc degeneration (IDD). The mechanism behind this is 
unclear. Interestingly, inherited defects in DNA repair mechanisms lead to 
accelerated aging. Thus we hypothesize that DNA damage can promote disc aging 
and matrix loss. To test our hypothesis, we challenged wild-type (wt) and DNA repair 
deficient Ercc1-/d mice with the chemotherapeutic agent mechlorethamine (MEC) to 
induce DNA damage.  
 
METHODS: Ercc1-/d and their wt littermates were chronically exposed to genotoxic 
stress by subcutaneous administration of a subtoxic dose of MEC (8 µg/kg once per 
week) beginning at 8 wk old until 18 wks of age, when the Ercc1-/d mice display 
profound progeroid symptoms. Histologic staining for disc PG (safranin O) and 
collagen (Masson's Trichrome) were done. Disc aggrecan, ADAMTS4, and ADAMTS-
generated G1 aggrecan fragments terminating in NITEGE were analyzed by 
immunohistochemistry. PG synthesis was measured by 35S-sulfate incorporation 
using freshly isolated discs in organ culture  
 
RESULTS: Histologic staining revealed substantial reduction in disc PG, collagen, and 
endplate cellularity in the spines of MEC-exposed animals. Immunodetection showed 
decreased aggrecan and drastically increased levels of ADAMTS4 and NITEGE 
aggrecan proteolytic fragments. Disc PG synthesis was also reduced 2-3x in MEC-
treated mice. The effects were more dramatic in the DNA repair deficient Ercc1-/d 
mice than in wt mice  
 
DISCUSSION: Genotoxic stress decreased disc proteoglycan and collagen in adult 
mice which is attributable both to decreased matrix synthesis and increased 
degradation. Matrix loss was more dramatic in DNA repair deficient mice 
demonstrating that these effects are a direct consequence of damage to nuclear 
DNA. These results implicate DNA damage as a contributor to disc aging and 
degeneration and provide mechanistic insight as to why smoking is a major risk factor 
for IDD  
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SP55. NORMAL VALUES OF THE JAPANESE VERSION OF THE ZURICH CLAUDICATION 
QUESTIONNAIRE (ZCQ)  
Hara, Nobuhiro1; Masuda, Kazuhiro1; Morii, Jiro1; Tohnosu, Juichi1; Takeshita, 
Katsushi1; Nakamura, Kozo1; Matsudaira, Ko2 
1The University of Tokyo, Dept. of Orthop. Surg. and Spinal Surg., Faculty of Medicine, 
Tokyo, Japan; 2Kanto Rosai Hospital, Clinical Research Centre for Occupational 
Musculoskeletal Disorders, Kawasaki, Japan 

 

INTRODUCTION: The Zurich Claudication Questionnaire (ZCQ) is a disease-specific 
outcome measure of lumbar spinal stenosis (LSS) which records disease severity, 
bodily function and satisfaction of LSS. We translated an original edition of ZCQ by a 
standard procedure and published a secured Japanese version last year. We 
measured the normal value of the Japanese version of ZCQ using an internet 
investigation in this study.  
 
METHODS: 1,100 people randomly selected from the monitor who registered with 
the internet research company joined our study in October 2010. One hundred men 
and women in each generation (40s-70s) were selected from 852,354 people 
throughout the country to fill out the Japanese version of ZCQ. We excluded the third 
sub-scale (Satisfaction) in this investigation because it was intended to be filled out 
only after an operation. We investigated height, body weight, smoking, drinking, and 
having exercise custom or not, sleeping time, job, and evaluated these factors as to 
whether the sample was appropriate.  
 
RESULTS: Normal values of the first sub-scale (Symptom), and the second sub-scale 
(Function) were 1.72±0.66, 1.41±0.46 respectively. Average score for women was 
1.74±0.66 (men 1.71±0.66) in Symptom, and rose with age 40s 1.61, 50s 1.67, 60s 
1.77, 70s 1.89. There were no differences between sexes in any age group. In 
Function (men 1.37±0.46, women 1.44±0.47), a rising tendency with age was seen: 
40s 1.36, 50s 1.39, 60s 1.43, 70s 1.49. The smoking rate, drinking rate, sleeping time 
were rather similar to the result of each age group in the 2007 national health survey 
in Japan.  
 
DISCUSSION: We measured the normal values of the Japanese version of ZCQ. 
Although there was a bias because it was internet investigation, it was thought that 
the samples extracted were generally appropriate.  
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SP56. A COMPARISON OF GOAL ACHIEVEMENT AND TRADITIONAL SELF-REPORT 
MEASURES AS CONTRIBUTORS TO OVERALL PATIENT SATISFACTION 1 YEAR 
FOLLOWING FUNCTIONAL RESTORATION FOR PATIENTS WITH CHRONIC DISABLING 
SPINAL DISORDERS  
Hazard, Rowland; Spratt, Kevin; McDonough, Christine; Olson, Christine; Ossen, 
Elizabeth; Hartmann, EM 
Dartmouth Medical School, Orthopaedics, Lebanon, US 

 

INTRODUCTION: Our previous work (Spine 34:29, 2009) showed that personal 
functional goal achievement contributed more toward satisfaction with outcome 
than did self-reported pain and physical function or measured strength, flexibility and 
endurance among functional restoration program (FRP) graduates with chronic 
disabling spinal disorders (CDSD). The primary goal of the current study was to 
compare the association with satisfaction of pain and functional goal achievement 
(GA) versus more traditional self-reports of pain, and physical function.  
 
METHODS: All FRP participants from 6/08-5/09 recorded pre-treatment personal 
goals in four domains: Pain, Work, Recreation, and Activities of Daily Living. One year 
after completing the FRP, all graduates were sent a follow-up survey displaying the 
patient's pretreatment functional goals and eliciting the patient's assessment of 
functional goal achievement; current pain magnitude, SF-36v2 Physical Function (PF), 
and satisfaction "with the overall results for your pain problem." Linear regression 
was used to evaluate the associations between satisfaction and four predictors, 
individually and then together in a full model, as noted in the table below.  
 
RESULTS: Of the 83 patients surveyed, 62 responded completely. Mean age was 44 
years, with 48% female and 35% on worker's compensation. Regression results are 
summarized below. Each variable by itself was significantly related to patient 
satisfaction at p < .001, but the overlap in association was large. The greatest unique 
contributor was GA-Function, and GA-Pain was much less important.  

 
 
DISCUSSION: One year after treatment, the degree to which FRP graduates achieved 
their personal functional goals had the greatest impact on their overall satisfaction. 
Pain goal achievement was less important. This finding has major implications for 
planning treatment of people with CDSD.  
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INTRODUCTION: Studies on LSS have investigated the effectiveness of various types 
of treatments using health-related QOL. However, LSS patients have various 
symptoms, and these symptoms change with posture, typical activities of daily living, 
etc. Thus a LSS specific scale to measure QOL is needed. The aim of this study was to 
develop a reliable and valid instrument to measure quality of life (QOL) specifically 
targeting patients with lumbar spinal stenosis (LSS).  
 
METHODS: We postulated 7 subdomains for LSS-specific QOL and accordingly item 
pool were developed, focus group interviews of LSS patients and qualitative analysis 
were conducted, resulting in preliminary version of QOL scale. Then, 189 patients 
with a diagnosis of LSS completed this preliminary version. Exploratory factor analysis 
was conducted to examine the factorial validity. Cronbach's alpha coefficient and the 
test-retest method were used to assess the reliability. The criterion-based validity 
was determined using walking capacity, recommended treatment level judged by 
orthopedists, and LSS-specific symptom scale scores.  
 
RESULTS: Qualitative study confirmed the 7 domains but showed needs of addition 
and deletion of some items, resulting in 31 items. With factor analysis, after exclusion 
of 3 items, the remaining 28 items demonstrated strong unidimensionality. 

Cronbach•fs alpha was 0.96. The coefficient of test-retest reliability was 0.86. 
Walking capacity, recommended treatment level and LSS-specific symptom scale 
scores were significantly correlated with the QOL scale scores.  
 
DISCUSSION: A 28-item QOL scale specifically targeting LSS patients was developed, 
and its reliability and validity were confirmed.  
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Department of Otrhopaedics, Gothenburg, Sweden; 3Lund University Hospital, 
Department of Orthopaedics, Lund, Sweden; 4Falun Hospital, Department of 
Orthopaedics, Falun, Sweden 

 

INTRODUCTION: The simple one-item question (Global Assessment, GA) has 
previously been evaluated within a RCT . Our aim here was to validate the GA in the 
large Swedish National Spine Registry database.  
 
METHODS: The GA response was compared with score changes of EQ-5D, VAS back 
pain, Oswestry Disability Index(ODI) and PCS(SF-36) on 23 404 patients after 1 
year(FU1), 17 279 after 2 years(FU2) and 6 495 after 5 years(FU5). GA has five 
response alternatives: "After the operation my back pain is: non-existent, much 
better, somewhat better, unchanged, worse".  
 
RESULTS: The mean score change of EQ-5D for GA "non-existent" was at FU1= 0.54, 
FU2= 0.55, FU5= 0.59; "much better" 0.41, 0.41, 0.43; "somewhat better" 0.24, 0.23, 
0.22; "unchanged" 0.06, 0.05, 0.06 and "worse" -0.6, -0.6, -0.6. Mean score change of 
VAS back pain for GA "non-existent" was 43, 44, 43; "much better" 34, 33, 33; 
"somewhat better" 11, 10, 12; "unchanged" -2, -1, 1; "worse" -7, -8, -3. Mean score 
change of ODI for GA "non-existent" was 38, 38, 38; "much better" 26, 26, 27; 
"somewhat better" 11, 11, 9; "unchanged" 2, 2, 2; "worse" -2, -3, -3. Mean score 
change of PCS for GA "non-existent" was 14, 13, 21; "much better" 11, 12, 19; 
"somewhat better" 4, 6, 13; "unchanged" 2, 3, 11; "worse" -1, 1, 9. Kruskal-Wallis 
p<0.0001 in all calculations.  
 
DISCUSSION: Global assessment demonstrated a strong and over time consistent 
relationship with all compared multi-item questionnaires. A patient with GA rating 
"much better" had VAS back pain reduced 43, EQ-5D increased 0.41 and ODI reduced 
26 units. In contrast, a patient with GA rating "unchanged" demonstrated no change 
of VAS back pain, EQ-5D or ODI. Instead of multi-item questionnaires we suggest the 
use of GA for follow up in clinical practice and as main outcome in scientific studies.  
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SP59. PRODUCTION LOSSES DUE TO LOW BACK PAIN WHILE AT WORK AND  
OUT OF IT  
Wieser, Simon; Mannion, Anne1; Eisenring, Claudia2; Elfering, Achim3; Brügger, Urs2; 
Müller, Urs4; Horisberger, Bruno2 
1Spine Center Division, Department of Research and Development, Schulthess Klinik, 
Zurich, Switzerland; 2Winterthur Institute of Health Economics, Zurich University of 
Applied Sciences, Winterthur, Switzerland; 3Department for Work and Organizational 
Psychology, University of Berne, Berne, Switzerland; 4Institute for Evaluative Research 
in Orthopaedic Surgery, University of Berne, Berne, Switzerland 

 

INTRODUCTION: Low back pain (LBP) is a leading cause of production losses due to 
reduced work performance. Recent research has shown that losses due to 
presenteeism (reduction of productivity whilst still at work) are two to three times 
more important than losses due to absenteeism (sick leave). We examined whether 
patients with similar levels of LBP differ in their level of presenteeism and 
absenteeism.  
 
METHODS: 400 individuals reporting LBP in a population-based survey were invited 
to participate in a year-long study. Each week, they completed a one-page diary (0 to 
6 scale for pain intensity, days of sick leave, percentage loss of productivity). 
Additional information (demographics, health, health service use, beliefs on LBP, etc.) 
was collected with a questionnaire at the start and end of the year and in 6 bi-
monthly cost-diaries.  
 
RESULTS: 254 of the 348 individuals that agreed to participate were working; 
between them, they completed 8832 weekly diaries. Presenteeism, which occurred 
to varying extents in 21.5% of weeks, led to a total work time loss of 5.0%. 
Absenteeism occurred in 3.4% of weeks and led to a total time loss of 1.9%. A one-
point increase in pain intensity increased presenteeism by 6.4 percentage points 
(95%CI 6.2-6.6) but total work time losses were greater at lower pain levels due to its 
higher prevalence. Losses due to presenteeism dominated losses due to absenteeism 
at all pain levels. Individuals with high pain levels (5-6) differed substantially from one 
another in their presenteeism (19.9% had no losses whilst 23.5% had losses of 80% 
and more).  
 
DISCUSSION: The results have important implications for the better understanding of 
the mechanisms leading to the hidden costs of LBP that represent an important cost 
to employers.  
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SP60. A NEW OUTCOME MEASURE FOR JAPANESE INDIVIDUALS WITH ADOLESCENT 
IDIOPATHIC SCOLIOSIS; AN INTRODUCTION AND VALIDATION STUDY  
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Masumi1; Akai, Masami5; Iwaya, Tsutomu5; Shida, Tsutomu1 
1Aizu Medical Centre at Fukushima Medical University, Orthopaedic Surgery, Aizu-
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INTRODUCTION: The Scoliosis Research Society (SRS)-22 is most widely accepted 
disease-specific outcome measure for adolescent idiopathic scoliosis (AIS). Although 
Japanese translated-version of the SRS-22 has been recently introduced, some 
studies pointed out there were some differences between the Japanese and 
American population. It may be attributed to the cross-cultural difference. The 
purpose of this study was, therefore, to develop and introduce a new means 
measuring outcomes for Japanese individuals with AIS, and to examine its validity and 
reliability by comparison with the SRS-22. 
 
METHODS: A new outcome measure (SJ-27) was developed by a group of the experts 
consisting of scoliosis surgeons and a child psychiatrist. The SJ-27 is a self-
administered, disease-specific measure, and consists of 27-items being graded with a 
5-point scale from no impairment (0) to severe impairment (4 points). Those are then 
arithmetically added to produce a total score (max. 108). The higher the score, the 
worse the quality of life. Psychometric analyses were conducted for the SJ-27 and the 
SRS-22. Inclusion criteria were as follows: 1) AIS pts. aged 10 to 19 years, 2) Cobb 
angle more than 10 degrees, 3) any treatments with exercise, brace, and surgery.  
 
RESULTS: A total of 142 patients answered the 2 questionnaires(SJ-27 and SRS-22). 
Their mean age was 14.6+0.18 years, and the Cobb angle ranged 10 to 58 degrees 
with a mean of 32.4. A total score of the SJ-27 ranged 2 to 78 points with a median of 
30.5. Cronbach α coefficient was 0.903 and 0.821 for the SJ-27 and SRS-22, 
respectively. Spearman correlation coefficient was 0.728 between two measures 
(p<0.01). Using the Akaike Information Criteria (AIC), construct validity was confirmed 
in the SJ-27 resulting in the 4 domains: pain, appearance, body image consciousness, 
and mental.  
 
DISCUSSION: The SJ-27 was shown to be a valid and reliable questionnaire for 
outcome measure in AIS.  
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GP1. MIGRATING PRECHONDROCYTIC CELLS FROM STEM CELL NICHES SUPPORTS 
GROWTH AND REGENERATION OF THE ADULT MAMMAL INTERVERTEBRAL DISC - A 
DESCRIPTIVE STUDY IN THREE SPECIES  
Barreto Henriksson, Helena1; Svala, Emilia2; Skioldebrand, Eva1; Junevik, Katarina1; 
Lindahl, Anders1; Brisby, Helena3 
1Inst. of Biomedicine, Dept. of Clinical Chemistry and Transfusion Medicine, 
Gothenburg, Sweden; 2Swedish University of agricultural Sciences, Dept. of Biomedical 
Sciences and Veterinary Public Health, Uppsala, Sweden; 3Inst. of Clinical Sciences, 
Dept. of Orthopaedics, Gothenburg, Sweden 

 

INTRODUCTION: Disc degeneration is believed to play a major role in chronic lumbar 
pain patients. Recently, cell migration around stem cells niches in outer parts of the 
intervertebral disc(IVD) in young rabbits was reported. The aim of this study was to 
investigate cell migration routes and examine the presence of prechondrocytic cells 
in the IVD of adult, fully grown mammals.Additionally, to investigate presence of the 
same markers in human degenerated IVDs.  
 
METHODS: 5-bromo-2-deoxyuridine(BrdU) in vivo-labelling was performed in 9 New 
Zealand white rabbits,age 9 months. BrdU incorporation was visualized by 
immunohistochemistry at different time points providing cell division pattern and 
presence of slow-cycling cells in IVDs. Negative controls were non-labelled 
rabbits(n=2).Human(n=16), porcine(n=2), lapine(n=5) IVDs were investigated by IHC 
for: Growth-and-differentiation-factor-5(GDF5), SOX9(chondrogenic lineage markers), 
SNAIL-homolog-1(SNAI1), SNAIL-homolog-2(SLUG)(migration markers) and β1-
INTEGRIN(cellular adhesion marker). Gene expression of the markers was 
investigated by real- time PCR.  
 
RESULTS: BrdU+ cells were observed in early time points in the IVD niches, adjacent 
to the epiphyseal plate, at later time points mainly in outer region of the annulus 
fibrosus of the labelled rabbits, indicating a gradual migration of cells. The presence 
of SLUG, SNAI1, GDF5, SOX9 and β1-INTEGRIN were detected in the same regions on 
protein-and gene expression levels in animal and human IVD regions.  
 
DISCUSSION: The results suggest a cellular migration route from peripheral stem cell 
niches toward inner parts of the IVD in mature animals in a similar pattern as 
observed for young, growing animals. The data supports that a remaining pool excists 
in IVD niches of adult mammals where prechondrocytes are recruited and support 
normal regeneration of the IVD and disc repair. These findings may be of importance 
for future development of biological treatment strategies.  
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GP2. MESENCHYMAL STEM CELL HOMING IS INFLUENCED BY SOLUBLE MEDIATORS 
FROM STRESSED INTERVERTEBRAL DISCS WITH OR WITHOUT END-PLATE  
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Daisuke3; Mochida, Joji3; Alini, Mauro1 
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of Orthopaedics, New York, US; 3Tokai University School of Medicine, Department of 
Orthopaedic Surgery, Isehara, Kanagawa, Japan

 

 INTRODUCTION: Cells from injured tissue release mediators that induce further 
tissue degeneration or could lead to recruitment of cells for tissue repair. Nitric oxide 
(NO) is a mediator that has been previously shown to induce tissue damage. Its 
production may induce the migration of mesenchymal stem cells (MSCs) into a 
damaged disc alongside chemoattractants released by disc cells. The present study 
investigated whether there were differences in NO release and MSC recruitment in a 
whole organ culture system for intervertebral discs (IVD) with or without end-plate 
under "normal" or "degenerative" conditions.  
 
METHODS: Bovine caudal discs with or without end-plates were cultured under 
either low frequency (0.2Hz) - high glucose (4.5g/L) ("normal") or high frequency 
(10Hz) loading - low glucose (2g/L) conditions ("degenerative") for 7 days. Under the 
latter conditions, the discs were stabbed using a 22G needle in the centre of the disc. 
Media was collected under each condition for analysis of NO production. PKH26 
(fluorescent dye) labelled human MSCs were then added to the discs and co-cultured 
for an additional 7 days. After culture, engraftment of MSCs into the disc was 
analysed microscopically.  
 
RESULTS: Discs under "degenerative" conditions resulted in greater MSC migration 
compared with "normal" conditions for disc with or without end-plate. The amount 
of NO produced under degenerating conditions was significantly greater, although no 
differences were observed either with or without the end-plate.  
 
DISCUSSION: The present study has shown that in an ex vivo IVD organ culture 
system, degenerative conditions induce the production of NO that may indicate 
degeneration within the disc. This mediator alongside chemoattractants in the media 
promotes the recruitment of MSCs that may aid in tissue repair. The 
chemoattractants and the fate of the MSCs within the disc need to be established.  
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GP3. CELL VIABILITY AND SHAPE OF NUCLEUS PULPOSUS AND STROMAL CELLS IN 
SYNTHETIC 3D PEG HYDROGEL-MICROSPHERES WITH AND WITHOUT RGD  
Chan, Samantha Chun Wai1; Benneker, Lorin Michael2; Gantenbein-Ritter, Benjamin1 
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INTRODUCTION: Injectable self-hardening and swelling hydrogel covalently linked 
with various peptide is a potential cell carrier for nucleus pulposus tissue engineering. 
Arginine-glycine-aspartic acid (RGD) has been incorporated into various biomaterials 
to promote cell adhesion and improve biological activity of the cell and which cell 
adhesion to the scaffold provides signals for directing cell functions and fate. RGD has 
shown to be involved in the mechano-transduction of intervertebral disc cells. The 
aim of the study is to determine the performance of nucleus pulposus cells (NPC) and 
mesenchymal stem cell (MSC) embedded in poly-ethylene-glycol (PEG) hydrogel with 
and without RGD.  
 
METHODS: Primary bovine coccygeal NPC and human bone marrow MSCs (expanded 
in monolayer up to passage 4, ethically approved) were embedded in a soft, 
degradable PEG-hydrogel covalently linked with and without 50μM RGD (Q-Gel inc., 
Switzerland) and were molded in a 4mm Ø and 3mm height disc-like construct. 
Glycosaminoglycan (GAG), DNA content, cell viability and morphology were evaluated 
by live/dead stain and confocal microscopy. Parameters were measured after 21 days 
of culture in serum free medium and standard culture conditions. Gene expression of 
MSC was evaluated by real-time PCR.  
 
RESULTS: Both NPC and MSC cell viability were maintained at around 70% over the 
culture period. MSC are spread out in PEG-RGD hydrogel showed cell adhesion to the 
hydrogel and forming a cell network in the PEG-RGD gel. MSC maintained their typical 
fibroblast-like shape if cultured with RGD, without RGD the MSC were rounded and 
lacked filopodia. NPC were spread out and arose dendrites-like morphology in the 
RGD-PEG gel and their round morphology was maintained in PEG gel without RGD.  
 
DISCUSSION: The hydrogel lacking RGD preserved the “NP” phenotype whereas 
undifferentiated MSCs preserve their fibroblast-like phenotype in the RGD-gel. These 
synthetic hydrogels are potentially interesting for nucleus pulposus tissue 
engineering use.  
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UNDER THE HYPOXIA CONDITION  
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INTRODUCTION: Human mesenchymal stem cells (hMSCs) from the bone marrow 
represent a potential source of pluripotent cells for musculoskeletal tissue 
engineering. Glucose transporter-1 (GLUT-1) expression is upregulated in a variety of 
cells under hypoxic condition, which is mediated by the transcription factor hypoxia 
induced factor (HIF)-1α. HIF-1α and GLUT-1 proved to be phenotypical signature of 
nucleus pulposus. Therefore, the objective of this study is to evaluate possibility that 
hMSCs induce the IVD in hypoxia condition.  
 
MATERIALS AND METHODS: Human bone marrows were collected during surgery 
from patients (age range 45-67 years) with lumbar spinal stenosis. hMSCs were 
purified by density gradient centrifugation in Ficoll/Hypaque and maintained in the 
condition medium until one passage. The hMSCs were seeded in collagen type I 
sponge at a cell density of 5 x 105 cell per each one for protein and RNA isolation in 
hypoxia condition (1% O2, 5% CO2, 37°C) and normal condition (5% CO2, 37°C) for 
three days. Human disc cells were used as a control. For expression of HIF-1a and 
GLUT-1 at the mRNA and protein level, RT-PCR and western blot were performed 
according to the manufacturing protocol.  
 
RESULTS: The expression of aggrecan mRNA was upregulated in hypoxia condition as 
compared to normoxic condition. In hypoxic condition, the expression of GLUT-1 
mRNA disc cells is higher than that of MSCs. MSCs under hypoxia revealed rendered 
increase in aggrecan and GLUT-1 mRNA expression compared to those of normoxic 
condition. (cont’d) 
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DISCUSSION: Hypoxia provided phenotypical stabilization in disc cells upregulating 
GLUT-1 and aggrecan mRNA expression. MSCs under hypoxic condition exhibited 
GLUT-1 and aggrecan mRNA expression higher than normoxic condition, however the 
intensity of GLUT-1 expression is lower than that of disc cells. In conclusion, hypoxia 
and its intracellular mediator GLUT-1 might induce discogenic phenotypical 
differentiation of MSC.  
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GP5.PREGABALIN AS A NEUROPROTECTOR AFTER SPINAL CORD INJURY IN RATS: 
BIOCHEMICAL ANALYSIS AND EFFECT ON GLIAL CELLS 
 Ha, Kee Yong1; Kim, Young Hoon2 
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INTRODUCTION: As one of trials on neuroprotection after spinal cord injury, we used 
pregabalin. After spinal cord injury in rats using contusion model, we observed the 
effect of pregabalin compared to that of the control and the methylprednisolone 
treated rats. 
  
METHODS: We observed locomotor improvement of paralyzed hindlimb and body 
weight changes for clinical evaluation and caspase-3, bcl-2, and p38MAPK expressions 
using western blotting. On histopathological analysis, we also evaluated reactive 
proliferation of glial cells.  
 
RESULTS: We were able to observe pregabalin's effectiveness as a neuroprotector 
after SCI in terms of the clinical indicators and the laboratory findings. The caspase-3 
and phosphorylated p38 MAPK expressions of the pregabalin group were lower than 
those of the control group (statistically significant with caspase-3). Bcl-2 did not show 
any significant difference between the control group and the treated groups. On the 
histopathological analysis, pregabalin treatment demonstrated less proliferation of 
the microglia and astrocytes. With this animal study, we were able to demonstrate 
reproducible results of pregabalin's neuroprotection effect. Diminished production of 
caspase-3 and phosphorylated p38MAPK and as well as decreased proliferation of 
astrocytes were seen with the administration of pregabalin.  
 
DISCUSSION: The use of pregabalin might be a possible approach for achieving 
neuroprotection following central nervous system trauma including spinal cord injury. 
(cont’d) 

 Group I Group II Group III Group IV 

Motor function score 1.92±0.2 6 2.0±0.3 3.17±0.2 

Inclined plane test(°) 28.7±1.5 46.0±1.0 27.8±1.5 31.2±0.8 

Body weight changes -11.5±5.0 37.2±11.0 -62.3±3.7 3.75±6.5 
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Fig 1. The effect of intraperitoneal 
pregabalin (30mg/kg) on the expression 
of caspase-3 in contusive spinal cord 
injury. 
 

 
 
Fig 2 The effect of intraperitoneal 
pregabalin (30mg/kg) on the expression of 
bcl-2 in contusive spinal cord injury. 
 

 
 
 

 
 
 
 
Fig 3. The effect of intraperitoneal injection 
of pregabalin (30mg/kg) on the expression 
of phosphorylated p38MAPK in contusive 
spinal 
 

 
Fig 4. Immunofluorescence detection of 
the activated astrocyte labeled with 
antibody GFAP 

 
Fig 5. Immunofluorescence detection of 
the activated microglia labeled with 
antibody OX-42. 
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GP6. INHIBITION OF NF-kB IN ANNULUS FIBROSUS CELLS BLOCKS THE CATABOLIC 
EFFECTS OF BOTH MECHANICAL AND INFLAMMATORY STIMULI  
Sowa, Gwendolyn1; Vo, Nam1; Coelho, J. Paulo1; Wang, Dong2; Sherry, Nora1; Dong, 
Qing1; Phillibert, David1; Kang, James1 
1University of Pittsburgh, Pittsburgh, US; 2Beijing Haidian Hospital, Beijing, China 

 

INTRODUCTION: Critical contributors to matrix turnover in the intervertebral disc 
include inflammation and mechanical stress. NF-kB (nuclear factor kappa B) is a key 
transcription factor involved in the response of cells to both stimuli. It was 
hypothesized that NFkB inhibition would prevent the catabolic effects of 
inflammatory and mechanical stimulation. 
 
METHODS: Annulus fibrosus cells isolated from New Zealand White rabbits were 
exposed to either inflammatory stimuli (1 ng/mL IL-1 beta), NF-kB inhibitor(ACHP), or 
tensile loading at 6% 0.1 Hz using the Flexercell® Tension Plus System, or a 
combination of stimuli. After 24 hours, cells were analyzed for gene expression by RT-
PCR, prostaglandin E2 (PGE2) production via ELISA, nuclear translocation of NF-kB by 
immunofluorescence of p65, and total proteoglycan and total collagen synthesis via 
incorporation of 35S-sulfate and 3H-L-proline. 
 
RESULTS: Immunoflourescence staining demonstrated inhibition of NF-kB nuclear 
translocation by ACHP in AF cells under IL-1 induced inflammatory condition. Gene 
expression of iNOS, MMP-3 and COX-2 was decreased 67%, 86%, and 21% 
respectively by treatment with ACHP in cells exposed to IL-1 beta. Minimal effects of 
NF-kB inhibition on gene expression and total proteoglycan and collagen synthesis 
were noted in cells exposed to mechanical stretch alone. However, under conditions 
of combined inflammatory and mechanical stimulation, ACHP treatment nearly 
abolished expression of iNOS and MMP-3, and decreased COX-2 expression by 70%. 
In addition, PGE2, a major pro-inflammatory prostaglandin product of COX-2 
biosynthesis, was decreased.  
 
DISCUSSION: Inhibition of NF-kB activation greatly limits cellular catabolic response 
under conditions of combined inflammatory and mechanical stress in annulus 
fibrosus cells, suggesting synergy between the two pathways. These data identify NF-
kB as a potential therapeutic target against the negative effects of inflammatory and 
mechanical stress.  
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NATURAL 3D SCAFFOLD: AN IN VITRO STUDY  
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 INTRODUCTION: Over years, the annulus fibrosus(AF) weakens and defects created 
in the AF causing disc herniation. An intervention increasing extracellular 
matrix(ECM) production and cell proliferation is needed to rejuvenate the AF tissue. 
Platelet rich plasma(PRP) is a useful delivery system for growth factors, enhancing 
fibroblast proliferation and ECM synthesis.  
 
METHODS: Human blood aspirates were centrifuged producing PRP at 1/10 of the 
initial blood volume. Platelet-released growth factors(PRGF) were produced by 
activation of the platelets in freeze-thaw cycles. Bovine AF cells were harvested from 
fresh tail discs and cultured in Dulbecco's Modified Eagle's Medium(DMEM) with the 
following: 25% PRP, 50% PRP, 10% foetal calf serum, 50% PRGF, platelet poor plasma, 
and only DMEM. All samples were supplemented with ascorbic acid and ITS to 
encourage proliferation and collagen production. After 48 hours, DNA content, 
glycosaminoglycan(GAG) levels and mRNA expression of collagen I(Col-I), Col-II, 
aggrecan, matrix metalloproteinase 3(MMP3) and MMP13 were assessed. Finally, a 
cut was made in the AF of whole bovine discs and PRP was placed in the cut; after 7 
days the discs underwent histological analysis.  
 
RESULTS: DMEM containing 25% and 50% PRP gelled, creating a 3D structure in 
which the AF cells harboured. A significant increase in the DNA content was seen in 
the PRP groups. GAG production was significantly enhanced in the PRP groups. 
GAG/DNA levels were highest in the PRP and PRGF groups. Gene expression of Col-I, 
aggrecan were up-regulated and Col-II was down-regulated in the PRP groups. No 
change was seen in MMP3, MMP13 mRNA. In the whole disk, PRP caused an increase 
in GAG production and induced cell activation.  
 
DISCUSSION: In vitro AF cells proliferate and produce increased ECM in the presence 
of PRP. Ex-vivo PRP promoted GAG production in damaged intervertebral discs. Taken 
together, these results indicate that PRP might support AF regeneration in vivo.  
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GP9. THE EFFECT OF IΚB KINASE (IKKΒ) INHIBITION ON LUMBAR VERTEBRAL DISC 
HERNIATION IN A RAT MODEL  
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Eguchi, Yawara; Kamoda, Hiroto; Arai, Gen; Suzuki, Miyako; Kubota, Gou; Sakuma, 
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 INTRODUCTION: Radicular pain is a common symptom of lumbar disc herniation 
(LDH). Given that it is induced by many inflammatory cytokines, pain cannot be 
controlled by inhibiting an individual cytokine. Recent reports suggest that Nuclear 
Factor-kappa B (NF-κB) and an IκB kinase-beta (IKKβ) protein complex may regulate 
inflammatory cytokines. Thus, this study investigated the effects of IKKβ inhibition on 
pain behavior and calcitonin gene-related peptide (CGRP: painful neuropeptide) 
expression in dorsal root ganglion (DRG) neurons.  
 
METHODS: For the LDH model, the right sciatic nerve was exposed and the nucleus 
pulposus (NP) was harvested from amputated tails. The sciatic nerve was then 
pinched and NP was applied. IKKβ inhibitor was applied to the sciatic nerve in the 
LDH+IKKβ group. Nerve exposure and tail amputation without pinch and NP 
application was performed in the control group. Mechanical allodynia was measured 
for 2 weeks. Seven days post-surgery, DRGs were sectioned and immunostained; 
CGRP-immunoreactive neurons were classified as either small (<30µm in diameter) or 
large (>30µm).  
 
RESULTS: Significantly more mechanical allodynia and more CGRP-immunoreactive 
neurons were observed in the LDH group compared with control. However, 
application of IKKβ inhibitor significantly reduced pain behavior and the number of 
CGRP-immunoreactive neurons. The size-distribution pattern of CGRP-
immunoreactive neurons shifted from small to large cells in the LDH group. However, 
there were fewer small and large CGRP-immunoreactive cells in the LDH+IKKβ 
groups.  
 
DISCUSSION: CGRP is not produced in large neurons under physiologic conditions, 
however, in this study CGRP expression was shifted to large neurons after nerve 
injury. This change in cell-size distribution suggests that the CGRP expression in large 
neurons is related to neuropathic pain in LDH. Our results indicate that IKKβ inhibitor 
might be effective at improving radiculopathy induced by LDH.  
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GP10. RESPONSE OF HUMAN IVD CELLS TO TNF-ALPHA IS DEPENDENT ON THE AGE 
OF THE DONOR AND THE ANATOMICAL LOCATION OF THE CELL  
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 INTRODUCTION: Pain generation in the nervous system is strongly associated with 
TNF-α. Older adults experience less axial LBP, because these IVD tissues may be less 
responsive to TNF-α. It is also believed that IVD degeneration first appears in NP. We 
aimed to determine divergent responses to TNF-α by cells that populate the 
structurally different areas of the IVD, and to establish age-related variations in 
sensitivity of these same cells.  
 
METHODS: IVDs from 28 human lumbar spine segments (15-71years, Pfirrmann 
grades 1 and 2) were dissected. Cells were isolated from the outer-AF, inner-AF, 
transition zone and NP; treated in monolayers with TNF-α (100 pg/ml - 10ng/ml), and 
analyzed for cell signaling (pNF-κB) and mRNA expression (MMP-1, MMP-13). TNF-α 
receptor density on the cells was also determined.  
 
RESULTS: Significant differences were found in responsiveness among the cells of the 
IVD (NP > TZ > iAF >> oAF) 8-20-fold higher signals were observed in the NP than in 
the oAF cells. All cell types showed an age-dependent decline in sensitivity; the most 
in the NP and the least in the oAF. These changes were reflected at both signaling and 
mRNA expression levels. TNF-receptor levels correlated with the age- and location-
related differences observed above.  
 
DISCUSSION: The NP, particularly sensitive to TNF-α, may serve as the initial area for 
degeneration; while the non-responsive oAF may serve as a barrier to tissue 
degeneration. When oAF degenerates, it may be ingrown by vascular tissue and 
nerves that may lead to pain. The reason that older adults experience little pain may 
well be that the IVD cells become desensitized to inflammatory mediators in aging, 
potentially through expressing lower levels of receptors. Based upon these findings, 
translational studies could target specific areas of the disc, and specific 
molecules/receptors that would prevent further disc degeneration and/or the 
development of pain.  
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GP11. CELL CLUSTERS ISOLATED FROM THE DEGENERATE INTERVERTEBRAL DISC: 
AN ANALYSIS OF GROWTH COMPARED TO SINGLE CELLS  
Turner, Sarah1; Balain, Birender2; Morgan-Hough, Claire2; Roberts, Sally1 
1Robert Jones and Agnes Hunt Orthopaedic Hospital, Spinal Studies and ISTM (Keele 
University), Oswestry, UK; 2Robert Jones and Agnes Hunt Orthopaedic Hospital, 
Oswestry, UK 

 

INTRODUCTION: Clusters of cells are frequently seen in degenerate intervertebral 
discs. These clusters have been shown to be the result of increased proliferation, 
possibly as an attempt at repair of the degenerate tissue. We hypothesised that cell 
clusters may contain progenitor or stem cells; if this is so, they could have the 
potential for use in cell therapy to repair or regenerate the intervertebral disc.  
 
METHODS: Seventeen samples of degenerate disc were obtained from 10 patients 
undergoing surgery for disc herniation. Both clustered and single cells were isolated 
by collagenase digestion and sequential filtration through 40µm and 70µm pore cell 
strainers. These cells were then cultured to passage 5 and growth kinetics and degree 
of senescence via SA-β-Gal examined.  
 
RESULTS: Three cell ‘fractions’, of size >70µm, 40-70µm and <40µm, were generated 
from the tissue digests via sequential filtration. Microscopic examination 
demonstrated that the <40µm fraction contained only single cells with an increasing 
proportion of clustered cells in the 40-70 and >70µm fractions. When cultured, the 
single cells proliferated significantly less at each passage than the cells in the 2 
clustered fractions. No significant difference in SA-β-Gal expression was seen 
between sub-populations.  
 
DISCUSSION: The growth kinetics of the clustered cells showed a greater ability for 
proliferation than the single cells but no difference in degree of senescence, at least 
under the culture conditions tested. This supports our hypothesis that there may be a 
progenitor cell population present within the clusters. If further characterisation 
shows that these cells have other stem cell properties, then the intervertebral disc 
will resemble many other musculoskeletal tissues in having its own population of 
progenitor cells, with potential future uses for tissue repair and regeneration.  
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GP12. INJECTABLE HYDROGEL REPAIR OF INTERVERTEBRAL DISC DEGENERATION  
Bae, Won1; Yoshikawa, Tomoaki1; Yamaguchi, Tomonori2; Hemmad, Aseem1; Rana, 
Sumit1; Inoue, Nozomu2; Moehlenbruck, Jefferey3; Betre, Helawe3; Bydder, Graeme1; 
Masuda, Koichi1 
1University of California, San Diego, La Jolla, US; 2Doshisha University, Kyoto, Japan; 
3Zimmer Orthobiologics, Inc, Austin, US

 

INTRODUCTION: Nucleus augmentation using hydrogel provides immediate weight-
bearing and a means for biological treatment. This study evaluated effects of a 
hyaluronic acid-based hydrogel (HAgel) plus/minus supplementation with TGF-β3 
(TGFβ3) growth factor on repair of anulus-punctured rabbit intervertebral discs (IVD) 
using plain radiography, micro CT (µCT), and MRI.  
 
METHODS: Two discs (L2/3, L4/5) in 24 New Zealand White rabbits were punctured. 
At week-4 post-puncture, saline, HAgel (MW~1 MDa, ~80% water, ~30 kPa shear 
modulus), or HAgel+TGFβ3 (10 ng/ml) were injected (20 µl) into punctured discs of 
the animals (n=8), and sacrificed at week 16. Disc Height Index (DHI), % ratio of IVD to 
vertebral body height, was determined on radiographs every 2 weeks. T2 values of 
the nucleus and anulus were deter-mined using 3T MRI spin echo sequence. Three-
dimensional (3D) Disc Height was determined on µCT data as the minimum distance 
between opposing endplates. All measures were normalized to L3/4 values.  
 
RESULTS: DHI decreased to ~75% by week-4 (rmANOVA p<0.05) and then increased 
with time for both treatment groups (p<0.05 vs. saline). In the NP, T2 values (Fig.A) 
were the highest in the HAgel group, but treatment effect was not significant (p=0.3). 
In the AF (Fig.B), HAgel group had significantly higher (p<0.01) T2 values than saline 
group. 3D disc height (Fig.C) was also higher in the HAgel group (p<0.05 vs. saline). T2 
values of the NP correlated with 3D disc height (Pearson R2=0.45, p<0.001). (cont’d) 
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DISCUSSION: These results suggest sensitivity of the imaging measures to our model 
of disc repair using HAgel. HAgel treatment restored DHI, T2 values and 3D disc 
height compared to the saline control, suggesting treatment efficacy. Mechanical 
support and hydrophilic nature of HAgel may have increased disc height and T2 
values. Work remains to understand degradation characteristic of HAgel in vivo, and 
its long-term effectiveness. 
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GP13. NERVE REGENERATION AFTER APPLICATION OF NUCLEUS PULPOSUS ONTO 
THE NERVE ROOT IN RATS  
Yohei, Matsuo; Sekiguchi, Miho; Katsuihiro, Yoshida; Kikuchi, Shin-ichi;  
Konno, Shin-ichi 
Fukushima Medical University School of Medicine, Orthopaedic Surgery, Fukushima, 
Japan

 

 INTRODUCTION: Radiculopathy in lumbar disc herniation is induced by both nerve 
root inflammation and mechanical compression. Glial cell line-derived neurotrophic 
factor (GDNF) is one of the neurotrophins synthesized and expresses in satellite glial 
cells for 28 days after application of nucleus pulposus (NP) in rats. GDNF might act to 
recover neural damage through GDNF family receptor (GFR) alpha-1 and to improve 
neuropathic pain. Growth associated protein (GAP)-43 is a marker of nerve 
regeneration. The aim of this study was to investigate the relationship between pain-
related behavior and nerve regeneration after application of NP.  
 
METHODS: Adult female Sprague-Dawley rats (n=94) were used. Animals were 
divided into two groups. In the NP group. NP harvested from the tail was applies to 
the left L5 dorsal root ganglion (DRG). In the sham group, NP was not applied to the 
DRG. Mechanical withdrawal thresholds were measured using von Frey test for 56 
days. Expression of GAP 43 and GFR alpha-1 in DRG neurons were examined by 
immunohistochemistry. Statistical analysis was performed by Bonferroni test and 
unpaired student t-test (significant level: p<0.05).  
 
RESULTS: The mechanical withdrawal threshold in the NP groups was significantly 
decreased for 35 days compared with the sham group (p<0.05). There was no 
significant difference of the threshold between two groups from day 42 to 56. The 
expression of GFR alpha-1 increased in the NP group at day 14. GAP 43 expression in 
the NP group increased significantly compared with the sham group from day 14 to 
35 (p<0.05).  
 
DISCUSSION: The GAP 43 expression increased after expression of GDNF and GFR 
alpha-1, and lasted from 14 to 35 days. This reaction of regeneration might improve 
the threshold 42 days after application of NP. GDNF and/or GDNF family receptor 
might be the potential target to improve radiculapathy in lumbar disc herniation.  
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GP14. BIOACTIVE MICRO-STRUCTURED SCAFFOLD FOR ANNULUS FIBROSUS REPAIR 
AND REGENERATION  
Vadalà , Gianluca; Rainer, Alberto; Loppini, Mattia; Centola, Matteo; Trombetta, 
Marcella; Denaro, Vincenzo 
Campus Bio-Medico University of Rome, Rome, Italy 

 

INTRODUCTION: Annulus fibrosus (AF) tissue engineering is reaching increasing 
interest in developing strategies to both reduce recurrent disc herniation (DH) rate 
and increase effectiveness of intervertebral disc regeneration techniques. This study 
evaluate the use of a bioactive microfiber scaffold in Poly-L-Lactic Acid (PLLA) 
releasing the growth factor TGF-β1 and investigate both cell toxicity and the 
extracellular matrix produced by bovine AF cells (bAFCs) and human mesenchymal 
stem cells (hMSCs) cultured on these scaffolds in vitro.  
 
METHODS: Scaffolds were fabricated by electrospinning a PLLA solutions loaded with 
TGF-β1 and characterized in terms of morphology and release rate of TGF-β1. Bare 
PLLA scaffolds were use as control. bAFCs and hMSCs were cultured on the scaffolds 
and cell toxicity was evaluated at 4, 6 and 24 hours. bAFCs were seeded at the 
density of 5x105 cell/cm2 on the scaffold and cultured for 3 weeks. bAFCs were 
tested to quantitatively assess glycosaminoglycans (DMMB assay) and total collagen 
production (Sirus Red Assay). Histology was performed and the neo-ECM thickness 
measured.  
 
RESULTS: PLLA and PLLA/TGF-β1 membranes were composed by fibers with diameter 
of 1.5±0.9μm and 0.6±0.2μm respectively. The scaffolds were not toxic for both 
hMSCs and bAFCs at all time points. PLLA/TGF-β1 membranes released TGF-β1. 
bAFCs cultured on PLLA/TGF-β1 deposited a significant greater amount of 
glycosaminoglycans and total collagen than the control with higher neo-ECM 
thickness.  
 
DISCUSSION: PLLA/TGF-β1 scaffold releasing TGF-β1 induces an anabolic stimulus on 
bAFCs mimicking the ECM three-dimensional environment of AF tissue. This bioactive 
scaffold shows encouraging results which could allow to find an application to repair 
the AF after discectomy and prevent recurrent DH. The scaffold could be associated 
with hMSCs for tissue engineering strategy in the treatment of intervertebral disc 
degeneration.  
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GP15. FUNCTIONAL ROLES OF THE WNT SIGNALING PATHWAY IN INTERVERTEBRAL 

DISC CELLS•FBASED ON ANALYSIS OF THE PKC PATHWAY  
Arai, Fumiyuki; Hiyama, Akihiko; Sakai, Daisuke; Mochida, Joji 
Orthopedics, Tokai University School of Medicine, Kanagawa, Japan

 

INTRODUCTION: Wnt signaling is thought to play a significant role in early 
developmental process and morphogenesis. We have been studying the Wnt/ƒÀ-
catenin pathway and reported that it inhibits proliferation of intervertebral disc (IVD) 
cells. Although the non-canonical pathway, PKC signaling, has not been fully 
elucidated, the cross-talk between the two pathways may be crucial for the onset of 
IVD degeneration. Here we report on the functional roles of the PKC signaling 
pathway (non-canonical pathway) in IVD cells.  
 
METHODS: A total of 32 Sprague Dawley (SD) rats (12 weeks old) were used for this 
study. We measured the activity of Tcf reporter plasmid (Topflash) in nucleus 
pulposus (NP) cells after a PKC-activator phorbolmyristate acetate (PMA) treatment. 
In addition, the effect of PKC signaling pathway on ƒÀ-catenin gene and protein 
expression was determined. After analyzing the proliferative potential of the IVD cells 
as well as the transcriptional activity and gene and protein expression of aggrecan, 
we evaluated glycosaminoglycan (GAG) synthesis due to activation of PKC signaling 
pathway.  
 
RESULTS: PMA treatment inhibited the transcriptional activity of Topflash in the NP 
cells. Similar results were obtained from the gene and protein expression analysis. 
When NP cells were treated with PMA, a significant increase in viability was 
observed. Moreover, expression of aggrecan transcript, gene and protein were 
increased to PMA treatment. We also found that GAG synthesis in NP cells with PMA 
treatment was upregulated in a dose and time-dependent manner.  
 
DISCUSSION AND CONCLUSION: Activation of the PKC signaling pathway inhibited 
the Wnt/ƒÀ-catenin pathway and enhanced the proliferation of NP cells. Moreover, 
expression of aggrecan transcript, gene and proten was upregulated due to the 
activation of PKC signaling pathway. These results suggest that activation of the PKC 
signaling pathway can be the target for a new therapeutic approach against IVD 
degeneration.  
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GP16. PROLONGED AGGRECANOLYTIC ACTIVATION OF MATRIX 
METALLOPROTEINASES (MMPS) RELATIVE TO AGGRECANASES IN A RAT TAIL 
COMPRESSION LOADING-INDUCED DISC DEGENERATION MODEL  
Yurube, Takashi; Nishida, Kotaro; Suzuki, Teppei; Kakutani, Kenichiro; Maeno, 
Koichiro; Takada, Toru; Kurosaka, Masahiro; Doita, Minoru 
Kobe University Graduate School of Medicine, Orthopaedic Surgery, Kobe, Japan

 

 INTRODUCTION: Precise cellular pathobiology remains unclear because of few well-
established animal model researches. Furthermore, aggrecanolytic potentials of 
degradative enzymes have not been fully focused. Our objective was, using a rat tail 
static compression loading-induced model we validated, to elucidate catabolism-
related gene alterations and their aggrecanolytic activities throughout the disc 
degeneration cascade.  
 
METHODS: Forty-eight 12-week-old Sprague-Dawley rat tails were attached with an 
Ilizarov-type device and loaded statically at 1.3 MPa for up to 56 days. Loaded and 
distal-unloaded control discs were harvested for real-time RT-PCR gene-
quantification: catabolism [MMP-1a, -2, -3, -7, -9, -13, ADAMTS-4, and -5], anabolism 
[TIMP-1, -2, and -3], extracellular matrix [aggrecan-1, collagen type 1-α1, and type 2-
α1], and pro-inflammatory cytokine [TNF-α IL-1α, -1β, and -6]. Immunohistochemistry 
for MMP-3, ADAMTS-4, -5, TIMP-1, -2, and -3 was performed. The presence of MMP- 
and aggrecanase-cleaved aggrecan products was investigated.  
 
RESULTS: Most catabolic genes, particularly MMP-3, showed significant mRNA up-
regulations from 7 days. TIMP-1 and -2 were unchanged while TIMP-3 was 
significantly down-regulated throughout. Up-regulation of collagen type 1-α1 and 
down-regulations of aggrecan-1 and collagen type 2-α1 were confirmed. Despite TNF-
α elevation, ILs demonstrated no drastic up-regulation. Immunohistochemistry 
exhibited more predominant expressions for MMP-3 than ADAMTS-4/-5 as well as 
TIMP-1/-2 than -3. Aggrecan fragments were detected with a longer duration of 
immunopositivity generated by MMPs than by aggrecanases.  
 
DISCUSSION: Static compression revealed pathological imbalances of increased MMP 
and ADAMTS relative to TIMP enzymes and their different working phases. Earlier 
aggrecanase activation associated with TIMP-3 down-regulation and later MMP 
activation represented by MMP-3 up-regulation might play crucial roles in the disc 
degeneration.  
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GP17. DIFFERENTIATION OF MOUSE INDUCED PLURIPOTENT STEM CELLS (IPSCS) 
INTO NUCLEUS PULPOSUS-LIKE CELLS IN A LAMININ-RICH PSEUDO-3D CULTURE 
SYSTEM  
Jing, Liufang1; Christoforou, Nicolas1; Leong, Kam W1; Setton, Lori A2; Chen, Jun3 
1Duke University, Biomedical Engineering, Durham, US; 2Duke University, Biomedical 
Engineering and Orthopaedic Surgery, Durham, US; 3Duke University, Orthopaedic 
Surgery, Durham, US

 

 INTRODUCTION: Autologous cell delivery to the herniated or degenerated 
intervertebral disc (IVD) may promote tissue regeneration and arrest degeneration. 
However, few sources of "healthy" autologous cells have been identified for IVD. 
Induced pluripotent stem cells (iPSCs) derived from the patient's somatic cells, with 
the potential of differentiating into various cell types represent an attractive cell 
source. To date, no studies have demonstrated that iPSCs can differentiate into 
nucleus pulposus (NP) cells. We have demonstrated that human umbilical cord 
mesenchymal stromal cells could differentiate into NP-like cells in a laminin-rich 
pseudo-3D culture system. The goal of this study is to evaluate if mouse iPSCs 
cultured in this same laminin-rich environment can express a unique NP-like cell 
phenotype.  
 
METHODS: iPSCs were generated from mouse embryonic fibroblasts through 
transient inducible over-expression of transcription factors (OCT4, SOX2, KLF4 and 
MYC). Undifferentiated cells were formed into 3D embryoid bodies (EBs) in iPSC 
medium for 3 days, seeded (106 /well, TranswellTM ) on wells pre-coated with 
Matrigel, then cultured in differentiation media (DMEM/F12+10% FBS) containing 
2.5% Matrigel to provide for a pseudo-3D culture system. Cell surface marker and 
laminin expression were evaluated via flow cytometry, RT-PCR and 
immunohistochemistry in cells at three different stages (undifferentiated, EBs, day 7 
post-NP differentiation).  
 
RESULTS: Undifferentiated iPSCs had positive expression for many integrins (α3, α5, 
α6 and β1 subunit). Interestingly, expression of CD24, a NP cell marker, increased in 
EBs and differentiated cells as compared to undifferentiated cells. The expression of 
other NP markers (cytokeratin 8, type II collagen, aggrecan, laminin10/11 and its 
receptors) was also confirmed in differentiated cells. In conclusion, mouse iPSCs have 
the potential to express NP-like phenotypes in a laminin-rich pseudo-3D culture 
environment.  
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GP18. ATF3 and GAP43 immunoreactive DRG neurons innervate the vertebral body 
in a rat model of osteoporosis  
Suzuki, Miyako; Ohtori, Seiji; Inoue, Gen; Orita, Sumihisa; Ishikawa, Tetsuhiro; Miyagi, 
Masayuki; Kamoda, Hiroto; Eguchi, Yawara; Arai, Gen; Oikawa, Yasuhiro; Kubota, Go; 
Sakuma, Yoshihiro; Takahashi, Kazuhisa 
Department of Orthopaedic Surgery,Graduate School of Medicine,Chiba University, 
Chiba, Japan 

 

INTRODUCTION: Even in patients without fractures, osteoporosis often induces low 
back pain (LBP). Inflammatory mediators secreted by osteoclasts, such as tumor 
necrosis factor-α, increase expression of calcitonin gene-related peptide in dorsal 
root ganglia (DRG) neurons innervating lumbar vertebrae of osteoporotic rats. These 
findings suggest that inflammatory pain is important in osteoporotic LBP without 
fractures. The objective of the present study was to evaluate the characteristics of 
osteoporotic pain without fractures.  
 
METHODS: As a model of osteoporosis, 16-week-old female Sprague Dawley rats that 
had been ovariectomized (OVX) at 5 weeks were prepared (n=10). As a control group, 
sham-operated rats without ovariectomy were used (n=10). The L3 was exposed and 
a neurotracer, Fluoro-Gold (FG), was applied to detect DRG neuronal cells innervating 
L3 vertebrae. A week after FG-application, bone mineral density (BMD) of femur was 
measured using peripheral quantitative computed tomography and bilateral L1 to L6 
DRGs were resected. In FG-labeled neurons, expression of activating transcription 
factor 3 (ATF3) and growth-associated protein 43 (GAP43) was compared 
immunohistochemically between two groups. 
 
RESULTS: The BMD of the OVX group was significantly decreased compared with 
controls (p<0.01). No FG-labeled ATF3- or GAP43-immunoreactive neurons were 
detected in the control group, and the proportions of FG-labeled ATF3 or GAP43 
immunoreactive neurons in the OVX group were significantly elevated (p<0.01; 0.6% 
and 0.5%).  
 
DISCUSSION: The findings suggest that an osteoporotic state increases ATF3 and 
GAP43 expression in DRG neurons innervating L3 vertebrae. However, proportions of 
both were very low compared with total number of innervating cells. These markers 
may therefore indicate that osteoporotic LBP without fractures has both aspects of 
inflammatory and neuropathic pain, but is more strongly associated with 
inflammatory pain than neuropathic pain.  
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GP19. FUNCTIONAL INTEGRIN SUBUNITS REGULATING CELL-MATRIX INTERACTIONS 
IN THE NUCLEUS PULPOSUS OF THE HUMAN INTERVERTEBRAL DISC  
Bridgen, Devin1; Gilchrist, Chris1; Richardson, William2; Francisco, Aubrey1; Setton, 
Lori3 
1Duke University, Biomedical Engineering, Durham, US; 2Duke University, Orthopaedic 
Surgery, Durham, US; 3Duke University, Biomedical Engineering, Orthopaedic Surgery, 
Durham, US 

 

INTRODUCTION:The extracellular matrix (ECM) of the human nucleus pulposus (NP) 
is rich in molecules that interact with cells through integrin-mediated attachments. 
Porcine NP cells have been shown to interact with laminin (LM) isoforms LM-111 and 
LM-511 through integrin-mediated mechanisms. Since human NP cells lose many 
phenotypic characteristics in the adult intervertebral disc, attachment and interaction 
with ECM may be altered. Here we evaluate expression of LM-binding integrins and 
the mechanism of cell attachment to LM 111 and LM-511 for human NP cells. 
 
METHODS:Human NP cells were isolated from surgical tissues (age 26-63). Expression 
of integrin subunits ( α1, α2, α3, α5, α6, β1, and β4) was quantified with flow 
cytometry in passage 1-2 cells. NP cell attachment to LM-111, LM-511, or collagen II, 
was analyzed after 1hr. Functional blocking of specific integrins was also studied 
following pre-incubation with blocking antibodies. 
 
RESULTS & DISCUSSION: Human NP cells express integrins β1, α3, and α5 (MFI 2.1M, 
0.7M, 0.5M respectively), with over 70% of cells positive for each subunit. Human NP 
cells attached to LM and collagen substrates in nearly equal numbers. Blocking the β1 
subunit inhibited a majority of NP cell attachment to LM-111 and LM-511. 
Additionally, integrin subunit α3 appears to partly regulate NP cell attachment to LM-
111 and LM-511. Human cells express integrins α3, α5, and β1 as shown in porcine 
cells, but little of the expression of integrins α1, α6, and β4 seen for porcine NP cells. 
While porcine NP cell attachment to LM-111 was mediated by integrins α6 and β1 
(<50% cell attachment), we found integrins α3 and β1 (82% and 30% cell attachment 
respectively) instead contributed to human NP cell attachment. These findings 
suggest that integrin subunits α3 and β1 may mediate interactions with the ECM for 
human NP cells.  
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GP20. PRELIMINARY INVESTIGATION OF THE FRAGMENTATION OF SMALL LEUCINE-
RICH PROTEOGLYCANS IN PATHOLOGICAL INTERVERTEBRAL DISC  
Owen, Sharon; Eisenstein, Stephen; Roberts, Sally 
RJAH Orthopaedic Hospital, Spinal Studies & ISTM Keele University, Oswestry, UK 

 

INTRODUCTION: The small leucine-rich proteoglycans (SLRPs) are molecules which 
have many functions including tissue organisation and repair, protection of collagens 
from proteolysis, cellular proliferation and matrix adhesion. They are present in the 
intervertebral disc but their role in disc pathology is unclear. In degradative diseases 
such as osteoarthritis the SLRPS become fragmented in the cartilage, possibly altering 
their homeostatic functions resulting in loss of matrix integrity.  
 
METHODS: Human samples of disc were obtained from patients with scoliosis (n=7, 
19-53y), degenerative disc disease (DDD) (n=6, 35-51y) and herniated discs (n=5, 33-
68y). Proteoglycans were extracted in 4M GuHCl and characterised via enzymatic 
digestion and caesium chloride gradient centrifugation followed by Western blotting 
to identify the SLRPs (keratocan, decorin, biglycan, lumican and fibromodulin), as well 
as their degree of fragmentation.  
 
RESULTS: All samples of disc demonstrated the presence of the SLRPs investigated. In 
addition to intact proteoglycans there was evidence of fragmentation of all the SLRPs 
assessed. In the scoliosis samples fragmentation of decorin, keratocan, biglycan and 
fibromodulin was observed in the males (all 19y) and older females (42 & 53y) but 
the two younger females (27 & 34y) showed little fragmentation. In herniated discs, 
biglycan showed much fragmentation whereas keratocan was less so. In DDD discs, 
fragmentation of the SLRPS was variable.  
 
DISCUSSION: Although the numbers of samples investigated so far are low, there 
may be subtle differences in the fragmentation of SLRPs during different disease 
processes of the intervertebral disc, for example scoliosis. There is a suggestion that 
in the scoliosis samples, sex or age may influence the degree of fragmentation. If 
changes within the extracellular matrix prior to collagen destruction can be identified 
then these changes may prove useful as biomarkers of different pathologies.  
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GP21. EFFECTS OF A GLYCOGEN SYNTHASE KINASE 3Β INHIBITORS (LICL) ON WNT 
SIGNALING PATHWAY INDUCED C-MYC PROTEIN IN INTERVERTEBRAL DISC CELLS  
Hiyama, Akihiko; Sakai, Daisuke; Arai, Fumiyuki; Yokoyama, Katsuya; Mochida, Joji 
Tokai University School of Medicine, Isehara, Japan

 

INTRODUCTION: Wnt/β-catenin (hereafter called Wnt) pathways are key inducers 
and regulators of joint development, and are involved in the formation of bone and 
cartilage. We previously reported that the Wnt signaling pathway plays an essential 
role in the control of cellular proliferation and cell senescence in intervertebral disc 
cells (Hiyama et al. Arthritis and Rheum, 2010). In the present study, we provide 
evidence that the expression of c-myc, a key protein required for cell proliferation, is 
regulated by the Wnt signaling pathway in intervertebral disc cells.  
 
METHODS: A total of 32 Sprague Dawley (SD) rats (12 weeks old) were used for this 
study. To ascertain whether the Wnt signaling pathway regulated the expression of c-
myc in nucleus pulposus cells, we measured its transcript, gene and protein 
expression. In addition, to test whether Wnt signaling activation is sufficient to 
promote or inhibit nucleus pulposus cell proliferation, the viability of cells was 
evaluated by the MTT assay.  
 
RESULTS: Following treatment with LiCl, a Wnt signaling activator, there was 
suppression of c-myc at both the mRNA and protein levels. In addition, when nucleus 
pulposus cells were treated with c-myc, a significant increase in viability was 
observed. On the other hand, treatment with a c-myc inhibitor resulted in decreased 
cell viability.  
 
DISCUSSION: These results suggest that c-myc is an important factor that promotes 
the proliferation of nucleus pulposus cells. These findings provide new insight into 
the regulation and maintenance of cell proliferation by the Wnt signaling pathway in 
nucleus pulposus cells.  
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GP22. INFRARED RADIATION ACTIVATED-NANOSTRUCTURED TITANIA DID NOT 
INDUCE INFLAMMATORY RESPONSES IN HUMAN CELLS  
Lin, Boren1; Aboelzahab, Asem1; Azad, Abdul-Majeed1; Goel, Vijay1; Leaman, 
Douglas1; Biyani, Ashok1; Ebraheim, Nabil1; Serhan, Hassan2 
1The University of Toledo, Toledo, US; 2DePuy Spine, Waltham, US

 

INTRODUCTION: Photo-activated titanium dioxide (TiO2) has been shown to catalyze 
the production of reactive oxygen species (ROS) acting against bacteria. Our group 
reported that exposure to infrared radiation (IR) was able to activate nanofibrillar 
TiO2 and induce cell death of Escherichia coli. However, elevated oxidative stress 
might trigger inflammation causing damage in surrounding tissue. It is important to 
investigate the inflammatory responses, since we proposed the therapeutic 
application of IR-activated TiO2 in protection from infection.  
 
METHODS: 1. Inflammatory responses were detected by measuring pro-
inflammatory gene expression. Briefly, human cell line A375 was treated with TiO2 
nanofibers exposed by IR-laser up to 30s. Cells were harvested at 3 and 6 hours, 
mRNA was isolated, and IL-8 gene expression as an indicator of inflammatory 
response was measured by real-time PCR. 2. To detect if oxidative stress was up-
regulated after IR/TiO2 treatment, 2',7'-dichlorofluorescein diacetate (DCFH-DA)-DCF 
method was utilized. DCFH-DA can be transferred to fluorescent DCF, which is 
proportional to the level of hydrogen peroxide in cells. 3. Cell death was visualized by 
microscopy, and live cells were stained using crystal violet.  
 
RESULTS: IL-8 expression level was not induced by IR/TiO2 treatment at both 3 and 6 
hour-time point. Hydrogen oxidative content in cell culture was undetectable. In 
addition, we did not observe cell death after 24 hours of treatment.  
 
DISCUSSION: Our data suggested that IR/TiO2 treatment did not induced acute 
inflammatory responses, oxidative stress, and cell death indicating that the amount 
of ROS generated by this photocatalytic process was not toxic to human cells but 
sufficient to perform antibacterial effect. In addition, ROS might degrade more 
rapidly because of the presence of antioxidant enzymes inside the cells. Further 
investigation using human blood cells and primary mouse cells is in progress.  
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GP23. TRANSFECTION OF RAT CELLS WITH PROOPIOMELANOCORTIN GENE USING 
RADIAL SHOCK WAVES ALLEVIATES NEUROPATHIC PAIN  
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Sakuma, Yoshihiro1; Oikawa, Yasuhiro1; Takahashi, Kazuhisa1 
1Chiba University, Department of Orthopedic Surgery, Graduate school of Medicine, 
Chiba city, Japan; 2Social Insurance Funabashi Central Hospital, Department of 
Orthopedic Surgery, Funabashi city, Japan

 

INTRODUCTION: Neuropathic pain is difficult to control. Morphine produces strong 
analgesic effects, but with several side effects. Endogenous opioids are clinically safe, 
but are not used for treatment due to rapid metabolism. However, in vivo 
transfection of endogenous opioid genes could produce a safe yet powerful analgesic 
effect. Proopiomelanocortin (POMC) is the precursor for β-endorphin, an 
endogenous opioid. This study investigated the analgesic effects of POMC gene 
transfection using radial shock waves (RSWs) in a rat neuropathic pain model.  
 
METHODS: Chronic constriction injury (CCI) was used to induce neuropathic pain. 
Rats were divided into three groups: CCI group (n=15), CCI+POMC group (n=15), and 
control group (n=15). Rats were injected with 100µg POMC gene into their left 
gastrocnemius muscle before exposure to RSWs. Mechanical allodynia was measured 
over four weeks. The left gastrocnemius was resected and immunostained for β-
endorphin. Blood was sampled from the heart, and blood β-endorphin 
concentrations were assayed using ELISA. In some rats, L4/L5 dorsal root ganglia 
(DRG) were harvested, sectioned, and immunostained for calcitonin gene-related 
peptide (CGRP, a pain-related neuropeptide) 4, 7, and 14 days post-surgery. We also 
evaluated side effects, including body weight and changes in food and water intake.  
 
RESULTS: β-endorphin blood levels and number of β-endorphin-immunoreactive (-IR) 
muscle fibers increased significantly in the CCI+POMC group (p<0.01). Compared to 
the control group, allodynia developed in the CCI group (p<0.05) and CGRP-IR 
neurons were increased (p<0.01). However, POMC gene transfection significantly 
reduced both allodynia and CGRP expression (p<0.05). There were no significant 
differences in side effects among the groups.  
 
DISCUSSION: POMC gene transfection alleviated allodynia and reduced CGRP 
expression. These results suggest that POMC gene transfection using RSW is a safe 
and effective treatment for neuropathic pain.  
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GP24. LONG-TERM ADAPTION OF NP CELLS TO UNPHYSIOLOGICAL OXYGEN 
ENVIRONMENT ALTERS RESPONSIVITY TO HYPOXIA IN 3D CULTURE  
Mietsch, Antje1; Ignatius, Anita1; Wilke, Hans-Joachim1; Carstens, Claus2; Neidlinger-
Wilke, Cornelia1 
1Ulm University, Institute of Orthopaedic Research and Biomechanics, Ulm, Germany; 
2Galenus Clinic, Stuttgart, Germany

 

 INTRODUCTION: In the avascular disc, cells are adapted to reduced oxygen supply. 
With ongoing disc degeneration, oxygen concentration can decrease to insufficient 
1%. In contrast, unphysiological 21% oxygen might also harm nucleus pulposus (NP) 
cells. Aim of our study was to investigate the influence of variations in the oxygen 
concentration on gene expression of matrix proteins, catabolic enzymes and 
angiogenic factors.  
 
METHODS: NP cells isolated from bovine (n=8) or human discs (n=8) were transferred 
to pellet culture for 4 weeks in chondrogenic medium at either 21% (group A) or 6% 
oxygen (group B). After 4 weeks, oxygen was reduced to 1% to investigate the 
influence of oxygen deprivation on gene expression of aggrecan, collagen I, II, Sox9, 
HIF1α, VEGF, FGF, PTN, MMP3, MMP13, and aggrecanase. Significant results were 
verified by immunohistology. Statistics: Wilcoxon, p<0.05.  
 
RESULTS: A 4-week adaption to 6% or 21% oxygen deminished gene expression of NP 
cells at 6% with stronger effects in bovine than human NP cells. In bovine cells a 
further reduction to 1% oxygen changed the expression of all target genes, with more 
pronounced effects in group A that was adapted to 21% oxygen: most genes were 
significantly reduced, but VEGF was significantly up-regulated (2.4-fold). In human NP 
cells angiogenic genes were significantly reduced. Immunohistology confirmed gene 
expression results.  
 
DISCUSSION: In NP long-term cultures the oxygen environment influenced NP cell 
sensitivity towards further oxygen reduction, whereas for most target genes 
expression was higher at atmospheric oxygen. NP cells adapted to low oxygen supply 
were less sensitive to further oxygen reduction. As hypoxia diminished matrix protein 
expression and up-regulated VEGF expression, the balance in matrix turnover might 
shift towards a faster degradation thus facilitating ingrowth of blood vessels possibly 
regulated by VEGF (GENODISC: HEALTH-F2-2008-201626).  
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GP25. MICROSTRUCTURED Ti6Al4V SURFACES INCREASE OSTEOBLAST 
MATURATION AND REGULATE BMP SIGNALING PATHWAY  
Olivares-Navarrete, Rene1; Hyzy, Sharon1; Schneider, Jennifer2; Haithcock, David1; 
Gittens, Rolando1; Ullrich, Peter2; Schwartz, Zvi1; Boyan, Barbara1 
1Georgia Institute of Technology, Biomedical Engineering, Atlanta, US; 2Titan Spine, 
Mequon, US 

 

INTRODUCTION: In vitro and in vivo studies show that titanium implants with 
physical-chemical modifications like micron/sub-micron scale topographies increase 
osteoblast differentiation, local factor production, bone formation around the 
implant, and decrease healing time. Polyetheretherketone (PEEK) is used as a 
cage/spacer for vertebral interbody fusion to maintain spinal alignment and 
segmental stability while facilitating bony fusion. The aim of the present study was to 
elucidate whether common intervertebral materials such as PEEK and titanium 
induce osteoblast maturation and generate an osteogenic environment.  
 
METHODS: MG63 cells were cultured on tissue culture polystyrene (TCPS), PEEK, 
smooth [sTiAlV, Sa<90nm], or rough [rTiAlV, Sa=1.81µm] TiAlV surfaces. Gene 
expression was measured by qPCR. Cell number, alkaline phosphatase activity (ALP), 
and secreted OCN, OPG, TGF-β1, BMP2, BMP4, and BMP7 were analyzed. Data are 
mean±SEM (n=6/condition), analyzed by ANOVA with Bonferroni's Student's t-test.  
 
RESULTS: Expression of ITGA1, ITGA2, ITGAV, and ITGB1 mRNA was higher on sTiAlV 
and rTiAlV than on TCPS or PEEK. BMP2, BMP4, and NOG mRNA were downregulated 
on PEEK and upregulated on sTiAlV in comparison to TCPS; highest expression was on 
rTiAlV. GREM1 was upregulated on PEEK, but similar on TiAlV compared to TCPS. Cell 
number decreased and ALP, OCN, BMP2, BMP4, BMP7, and TGF-β1 increased on 
sTiAlV and rTiAlV, but cell response to PEEK was not different from TCPS. OPG was 
higher on PEEK and sTiAlV than TCPS, but highest on rTiAlV. 
 
DISCUSSION: These results indicate that osteoblasts on TiAlV surfaces present a more 
mature phenotype than osteoblasts grown on PEEK. Cells on TiAlV, but not PEEK, 
produce an osteogenic environment. Osteoblasts cultured on TiAlV produce and 
regulate BMP pathway molecules, increasing BMP2, BMP4, BMP7, and BMP 
inhibitors. The results demonstrate that TiAlV surfaces modulate osteoblast 
maturation and regulate BMP production.  
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GP26. THE ANGIOGENIC CAPACITY FROM LIGAMENT FLAVUM SUBSEQUENT TO 
INFLAMMATION: A CRITICAL COMPONENT OF THE PATHOMECHANISM OF 
HYPERTROPHY  
Hong Joo, Moon; Joo Han, Kim; Youn-Kwan, Park 
Korea University Guro Hospital, Neurosurgery, Seoul, Republic of Korea

 

 INTRODUCTION: Inflammatory reactions following mechanical stress produce 
fibrosis and scarring of the ligament flavum(LF) that result in hypertrophy, a major 
pathological feature of spinal stenosis. To prove our hypothesis that activated LF, 
which was exposed to inflammation, induce angiogenesis, thus resulting in 
hypertrophy, we use coculture of human lumbar LF cells and activated macropage 
like THP-1 cells.  
 
METHODS: To determine their response to the inflammatory reaction, human LF cells 
were co-cultured with phorbol myristate acetate-stimulated macrophage-like THP-1 
cells. The conditioned media were assayed for tumor necrosis factor (TNF)-α, 
interleukin (IL)-1β, IL-6, IL-8, vascular endothelial growth factor (VEGF), and 
transforming growth factor (TGF)-β1. Naïve and macrophage-exposed LF cells that 
responded to TNF-α/IL-1β were compared using the same outcome measures. 
Normal and hypertrophied LF tissues were compared using immunohistochemical 
staining with an endothelial cell marker (CD34) and TGF-β1.  
 
RESULTS: Larger quantities of IL-6, IL-8, and VEGF were secreted by co-cultured cells 
than by macrophages or LF cells. Prior macrophage exposure increased the secretion 
of IL-6, IL-8, and VEGF in response to TNF-α/IL-1β stimulation, except for IL-6 
production in response to IL-1β. More CD34-positive stained endothelial cells were 
present in hypertrophied LF tissue than in normal tissue. TGF-β1 expression was 
observed in endothelial cells, but not in LF cells.  
 
DISCUSSION: LF cells interact with macrophage-like cells to produce angiogenesis-
related factors. Hypertrophied LF showed many microvessels with CD34-positive 
endothelial cells, which express TGF-β1, suggesting that angiogenesis plays a major 
role in the pathomechanism of LF hypertrophy in lumbar spinal stenosis. Endothelial 
cells or blood-borne factors from proliferated capillaries thus produce fibrosis and 
scarring as part of the hypertrophy mechanism.  
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GP27. MORPHOLOGICAL CHARACTERSITICS OF TRABECULAR BONE IN LUMBAR 
SPINE OF OSTEOPOROTIC SHEEP  
Zarrinkalam, Mohammad Reza; Mulaibrahimovic, Adnan; Moore, Robert 
The Adelaide Centre for Spinal Research, Institute of Medical and Veterinary Science, 
Tissue Pathology, Adelaide, Australia 

 

INTRODUCTION: The purpose of this study was to investigate morphological changes 
of trabecular bone in the lumbar vertebral bone of experimentally-induced 
osteoporotic sheep using backscattered scanning electron microscopy (BS-SEM).  
 
METHODS: Osteoporosis was induced in five mature ewes using a combination of 
bilateral ovariectomy, dexamethasone injection and low calcium diet for six months. 
Four sheep were used as controls. All animals were humanely killed after 6 months 
and trabecular bone samples from the L2 vertebrae were collected and analysed 
using BS-SEM. The degree / pattern of mineralisation and the density, size, aspect 
ratio and area of osteocyte lacunae were examined. Differences between control and 
osteoporotic sheep were tested using Student’s t-test with p < 0.05 considered 
significant.  
 
RESULTS: Relative to the control animals trabeculae from osteoporotic sheep 
vertebrae were 50 % thinner (p < 0.05) with 5.8 fold more erosion cavities on the 
surface (p < 0.05). The intensity of electron transmission was less in the osteoporotic 
group. Osteocyte lacuna density in the osteoporotic sheep was 25 % less than in the 
control sheep (p < 0.05). Neither the size nor the shape of the lacunae changed with 
induction of osteoporosis. Trabecular bone in the osteoporotic sheep was mainly 
woven compared with the more usual lamellar arrangement in the controls.  
 
CONCLUSION: The observed increase in the number of eroded cavities on the surface 
of bone in osteoporotic sheep is likely due to delayed coupling of bone resorption 
and bone formation. The thinning of trabeculae may be associated with a reduction 
of bone mineral density. Alterations in the number, but not the size or shape, of 
osteocyte lacunae in lumbar vertebral trabeculae could be an important contributor 
to bone loss and bone quality in this experimental ovine model of osteoporosis.  
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GP28. MICRO-COMPUTED TOMOGRAPHY OF VERTEBRAL ENDPLATES TO ANALYZE 
VASCULAR CHANNELS FOR DISC NUTRITION - A COMPARISON BETWEEN 
SUBCHONDRAL BONE OF PORCINE AND BOVINE ENDPLATES  
Omlor, Georg1; Huettner, Felix1; Lorenz, Sarah1; Holschbach, Jeannine1; Richter, 
Wiltrud1; Guehring, Thorsten2 
1University of Heidelberg, Department of Orthopaedic Surgery, Heidelberg, Germany; 
2BG-Hospital Ludwigshafen, Department of Trauma Surgery, Germany 

 

INTRODUCTION: Endplate disturbances are known to be related with disc 
degeneration. Whereas changes of vertebral cancellous bone are well described, only 
few reports focus on the subchondral bone of the vertebral endplate, which, 
however, is most important for disc nutrition. Subchondral bone permeability is 
reduced in experimental and human disc degeneration with a consequent reduction 
of disc nutrition. Disc nutrition over the endplate may also influence the cellular 
composition of the disc. Therefore we wanted to analyze differences between 
endplates from animals with and without notochordal cells in the nucleus.  
 
MATERIALS: We analyzed lumbar endplates from skeletally mature porcine and 
bovine spines with micro-computed tomography. Samples included the disc together 
with cranial and caudal vertebral endplates. Disc height and endplate architecture 
were determined. For quantitative analysis, a standardized volume of interest was 
designed for the subchondral bone area of the vertebral endplate, to analyze total 
bone volume (BV), tissue volume (TV), and bone volume fractions (BV/TV) as a 
measure for the relation between calcified bone and open vascular channels.  
 
RESULTS: Bovine discs were 2-3-times higher than porcine discs. Endplate 
architecture showed equal layers: cartilage endplate, subchondral bone, cartilage 
growth plate. Bovine endplates were larger in total, vascular channels had greater 
diameters, and BV/TV was significantly different for subchondral bone caudal to the 
disc (70%) and cranial to the disc (92%). Porcine samples showed a mean BV/TV of 
83% with no significant difference caudal to cranial.  
 
DISCUSSION: Skeletally mature pigs and cows are quadrupeds with similar 
biomechanical loading of the spine caused by axial muscle forces. Though, cellular 
composition of their discs is different, which might be related to differences in 
subchondral bone channels in their endplates and disc height influencing disc 
nutrition by diffusion.  
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GP29. ANTI-INFLAMMATORY ACTIONS OF LOW DOSE CHONDROITIN SULFATE IN 
ANNULUS FIBROSUS CELLS  
Sowa, Gwendolyn1; Liggon, Michael1; Moore, Carolyn1; Coelho, J. Paulo1; Vo, Nam1; 
Balk, Judith1; Preuss, Harry2; Kang, James1 
1University of Pittsburgh, Pittsburgh, US; 2Georgetown University, Washington D.C., 
US 

 

INTRODUCTION: Commonly used as an oral supplement, chondroitin has 
demonstrated significant anti-inflammatory effects in animal models and has been 
shown to inhibit inflammatory and catabolic mediators in cartilage. However, the 
effects of chondroitin on intervertebral disc cell signaling have not been explored.  
 
METHODS: Annulus fibrosus cells were isolated from New Zealand White rabbits and 
were exposed to chondroitin-6-sulfate (CS) at 1 or 100 ug/mL thirty minutes prior to 
inflammatory (1ng/mL IL-1 beta) or mechanical stimulation using the FX-4000™ 
Tension system (6% stress at 0.1 Hz) for 24 hours. Relative gene expression of 
inflammatory markers was analyzed through RT-PCR of inducible nitric oxide synthase 
(iNOS) and cyclooxygenase 2 (COX-2). The concentration of Prostaglandin E2 (PGE2) 
was measured in the media by commercially available ELISA kit (R&D Systems).  
 
RESULTS: Under conditions of inflammatory stimulation, CS at low concentration 
resulted in decreased expression of iNOS and COX-2, but increased expression at high 
concentration. However, PGE2 concentrations were decreased after exposure to 
either concentration. Similar to inflammatory stimuli alone, under conditions of 
combined mechanical and inflammatory stimuli, low dose CS significantly decreased 
iNOS and COX-2 gene expression, while high dose CS increased expression. Again, 
PGE2 concentrations were decreased after exposure to either concentration after 
stimulation with both inflammatory and mechanical stimuli.  
 
DISCUSSION: Data indicated that Chondroitin-6-Sulfate supplementation was more 
beneficial at lower concentrations than higher concentrations under inflammatory 
conditions, and this effect was more significant under conditions of mechanical 
stimulation. These data suggest that chondroitin-6-sulfate may blunt the catabolic 
effects of both inflammatory and mechanical stimuli in the intervertebral disc, and 
suggest a biologic plausibility for a potential mechanism of action.  
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GP30. GOOD COLLAGEN! BAD COLLAGEN! IT’S ALL ABOUT THE OXYGEN  
Al-Abbasi, Maan1; Tarlton, John2 
1University of Bristol, Anatomy, Bristol, UK; 2University of Bristol, Bristol, UK 

 
 
INTRODUCTION: The study evaluates the effect of hypoxia on the synthesis (i.e. 
quantity and quality) of collagen. Collagen is the most abundant protein present in 
animals, representing more than a quarter by weight of body protein tissue. Oxygen 
is involved in the synthesis and stabilisation (via cross-linking) of this protein. We 
hypothesise that oxygen deprivation, as may be present in hypoxic tissues under 
repair, leads to the synthesis of inferior collagen that is unstable in nature.  
 
METHODS: Monolayer cell culture medium was used to culture normal human 
dermal fibroblasts for 72 hours in two culture conditions. Hypoxic culture was 
incubated in a humidified chamber filled with special gas mixture (≈0% O2). Normoxic 
culture was incubated at atmospheric O2 levels. The production of the newly 
synthesized procollagen was measured by spectrophotomeric determination of 
hydroxyproline and molecular stability (enthalpy) of collagen was measured using 
differential scanning calorimetry.  
 

 
RESULTS: Collagen production was significantly higher in normoxic culture (72.74 ± 
45.26 µg/ml), when compared to the hypoxic (58.40 ± 34.16 µg/ml), P<0.001. In 
addition, molecular stability of the collagen produced under low oxygen tension 
(11.35 ± 1.56 J/g) was less than that produced with normal oxygenation (12.35 ± 1.58 
J/g), P<0.01. (cont’d) 
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DISCUSSION: We have demonstrated that collagen biosynthesis is significantly 
depending on the oxygen tension, with lack of it leading to reduced production and 
unstable collagen, probably due to poor hydroxylation and abnormal cross-linking. 
Most vertebrate cells respond to hypoxia by the stabilisation of hypoxia inducible 
factors (HIF) 1α and 2α, which both perform multiple and crucial roles in cell survival 
and function at low oxygen pressure. Our study is the first to provide clear evidence 
of the critical role of oxygen on collagen stability, and the potential this may have on 
degenerative processes in tissues such as cartilage and intervertebral disc.  
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GP31. CORRELATION OF THROMBOPHILIA AND HYPOFIBRINOLYSIS WITH 
PULMONARY EMBOLISM FOLLOWING SPINAL SURGERY  
Kotwal, Suhel; Pumberger, Matthias; Lebl, Darren; Girardi, Fredrico; Zhiang, Kai; 
Salvati, Eduardo; Taveras, Nicole; James, Michelle; Cammisa, Frank 
Hospital for Special Surgery, 10021 New York, US

 

 INTRODUCTION: Numerous articles have reported pulmonary embolism(PE) as a 
complication of spine surgery, but to our knowledge no publication has investigated 
the genetic factors associated with PE after spine surgery. This study is to assess the 
prevalence of genetic abnormalities for thrombophilia and hypofibrinolysis in 
patients in whom PE developed after spinal surgery,in comparison to a matched 
control group of patients who did not develop PE.  
 
METHODS: Spinal surgery patients with post-operative PE and matched control 
patients who had spinal surgery without any clinical indication of thromboemblism 
were evaluated for risks of thrombophilia and hypofibrinolysis. There are total 25 
spinal surgery patients in which 13 patients had pulmonary embolism and 12 patients 
had no indication for PE. The patients PE were evaluated by spiral CT. Both groups 
patients were evaluated for thrombophilic and hypofibrinolytic risk factors with tests 
included:homocysteine, Antithrombin III, Protein C, ACT protein, Plasminogen 
activator inhibitor-1 4G/4G, and Prothrombin 3UT gene mutation  
 
RESULTS: The number of genetic thrombophilic abnormalities identified was higher in 
the pulmonary embolism group(13 abnormalities) than in the control group(7 
abnormalities). Only patient with PE were found to have heterozygosity for the 
plasminogen activator inhibitor-1(2 of 13 patients;p=0.05 compared with the control 
group). Patients with PE were much more likely than control group patients to have 
at least 1 thrombophilic abnormality(9 of 13) compared with control group(6 of 12). 
Genetic thrombophilia and hypofibrinolysis were more frequent in patients who had 
PE after spinal surgery than in those who had not. The presence of prothrombin 3' UT 
gene mutation appears to be risk factor for PE in patients undergoing spinal surgery. 
Currently these tests are rarely available and costly. Their use will help in the 
preoperative identification of patients with predisposition for PE after spinal surgery.  
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GP32. UPREGULATION OF AGGRECAN AND GLUT-1 EXPRESSION IN HUMAN 
INTERVERTEBRAL DISC CELLS UNDER HYPOXIC CONDITION  
Ji, HyeWon; Kang, YoungMi; Lee, HwanMo; Lee, ByoungHo; Kim, HoJung; Park, JinO; 
Moon, EunSu; Kim, SeoungHwan; Moon, SeoungHwan 
Yonsei University, Medical Research Center, College of Medicine, Yonsei University, 
Seoul, Republic of Korea 

 

INTRODUCTION: The nucleus pulposus (NP) is an aggrecan-rich, avascular tissue. 
Aggrecan is major extracellular matrix which permits the intervertebral disc(IVD) to 
withstand compressive loads. Hypoxia-inducible factor (HIF-1¥á) and glucose 
transporter-1 (GLUT-1) appear to be excellent marker for avascular tissue such as 
cartilage and IVD. GLUT-1 expression is also stimulated in a variety of cells under 
hypoxic condition, a response that is mediated by the transcription factor HIF-1¥á. 
Therefore, the goal of the study is to examine the importance of stabilization of HIF-
1¥á in human IVD under hypoxic condition.  
 
METHODS: IVD from lumbar spine with disc degeneration were harvested and 
cultured. To induce hypoxic environment, IVD cells were treated with various dose of 
deferoxamine mesylate(DFO) and cultured for 1, 3days. Proliferation was assessed by 
alamarblue assay. Reverse transcription-polymerase chain reaction (RT-PCR) for the 
expression of HIF-1¥á, aggrecan and GLUT-1 was performed. Newly synthesized 
proteoglycan was measured by incorporation of [35S] sulfate.  
 
RESULTS: The expressions of HIF-1¥á and GLUT-1 are confined only to NP and 
transitional zone not annulus fibrosus and endplate, which support that HIF-1¥á and 
GLUT-1 are a phenotypical signature of NP. The results demonstrated increase 
expression of aggrecan and GLUT-1 mRNA in response to DFO dose-dependently. NP 
cell cultures with DFO showed increase in newly proteoglycan synthesis compared to 
control.  
 
DISCUSSION: Chemically induced hypoxic condition by DFO rendered increase in 
aggrecan and GLUT-1 mRNA expression which also provided phenotypical 
stabilization under the hypoxic condition. With given dose of DFO there was increase 
in newly synthesized proteoglycan content, which signifies the role of hypoxia in 
matrix metabolism of avascular IVD tissue. In conclusion, controlled hypoxic condition 
provided suitable environment for IVD cell metabolism in terms of matrix synthesis 
and phenotypical stability.  
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GP33. IS THE CELL RATIO OF NOTOCHORDAL TO NUCLEUS PULPOSUS CELLS 
EQUILIBRATED TO AN EVOLUTIONARY OPTIMUM?  
Gantenbein-Ritter, Benjamin; Chan, Samantha Chun Wai 
ARTORG Center, Spine Research Center, Bern, Switzerland

 

 INTRODUCTION: Notochordal cells (NC) are remnant cells in the center of the 
intervertebral disc (IVD) originating from the notochord and present in all chordates 
in early embryogenesis. Strikingly, these cells co-exist with nucleus pulposus cells 
(NPCs) at different ratios among different vertebrate species and the ratios change 
with aging. Here, we hypothesized whether there is a ratio of NC relative to NPC, 
which is most favorable for both cell populations in terms of cell activity and 
extracellular matrix (ECM) production.  
 
METHODS: We co-cultured porcine coccygeal NCs and bovine coccygeal NPCs at 
different ratios, i.e. 0%, 25%, 50%, 75% and 100%, respectively. The cells were 
encapsulated at a density of 4M/ml into 1.2% alginate and cultured in serum-free 
medium. All co-cultures were conducted in duplicates with culture inserts (BD). DNA 
content, cell activity, glycosaminoglycan content (GAG), and relative gene expression 
(ACAN, Col1, Col2 and r18S) were monitored for both, NCs and NPCs. The co-cultures 
were tracked on day0, day7 and day14.  
 
RESULTS: In both, NCs and NPCs, DNA content of beads was stable over culture time 
or even increased slightly relative to day 0 control. As for the cell metabolism the 
bNPCs were more strongly activated by the presence of pNCs (p = 0.035) than vice 
versa. We found a significant increase in GAG/DNA ratio for the 50% pNC group after 
14 days of co-culture but no effect for pNC co-cultures. Remarkably, for pNCs, Col 2 
was found to be up-regulated by a factor of ~100 for all of the three co-culture ratios 
containing bNPCs, indicating progenitor-like cell status of pNCs.  
 
DISCUSSION: The current debate is on the origin and interaction of NCs and NPCs. 
Our data confirm stimulating interaction between these two populations in vitro.  
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GP34. PORCINE NOTOCHORDAL CELLS EXPRESS CYTOKERATIN-8 AND CARBONIC-
ANHYDRASE III AND MAINTAIN EXPRESSION IN 3D CELL CULTURES DESPITE 
MORPHOLOGICAL CHANGES  
Omlor, Georg1; Nerlich, Andreas2; Lorenz, Sarah1; Huettner, Felix1; Richter, Wiltrud1; 
Guehring, Thorsten3 
1University of Heidelberg, Department of Orthopaedic Surgery, Heidelberg, Germany; 
2Academic Hospital München-Bogenhausen, Institute of Pathology, Munich, Germany; 
3BG-Hospital Ludwigshafen, Department of Trauma Surgery, Ludwigshafen, Germany 

 

INTRODUCTION: Notochordal cells (NCs) get lost in the disc nucleus by aging and 
degeneration. Two hypotheses exist: they might be subsequently replaced by 
chondrocytes from the endplate or annulus, or they might differentiate into mature 
disc cells resembling chondrocyte-like cells. To gain further insight in the possible de-
differentiation of NCs into chondrocyte-like cells, we analyzed expression of potential 
NC markers in immature pig tail discs, rich of NCs.  
 
METHODS: For analysis, we chose cytokeratin-8 (Cytk-8), which is an accepted 
marker for NCs, and carbonic-anhydrase III (CAIII) as a potential NC marker, as we 
could selectively determine CAIII in notochordal tissue by mass spectrometry. Using 
young pig tails, heterogenous notochordal shaped cells were isolated from the 
nucleus whereas uniform chondrogenic shaped small cells were isolated from the 
inner annulus, which was verified by fluorescence-activated-cell-sorting-analysis. For 
Cytk-8 protein-expression, we performed Western Blot of freshly isolated cells and 
Immunohistochemistry of pig-tail slides. We performed Cytk-8 and CAIII semi-
quantitative RT-PCR; first, freshly isolated cells were analyzed, then cells after 3D 
alginate bead culture for 3, 7 and 14d. 
 
RESULTS: Cytk-8 protein was only detectable in the nucleus by both Western Blot and 
Immunohistochemistry (95% Cytk-8 positive cells). Gene expression was detectable in 
both nucleus and annulus but was expressed much higher in the nucleus (Cytk-8: 5X 
(p=0.0006); CAIII: 3X (p=0.04)). After cell culture, gene-expression was maintained, 
though reduced compared with freshly isolated nucleus cells. Morphologically, 
nucleus cells lost their large inclusions and obtained a more chondrocyte phenotype. 
 
DISCUSSION: The unique molecular pattern of NCs was maintained in cell culture, 
though significant morphological changes occurred. Hence, these markers may be 
attractive to detect notochordal origin in discs that lost notochordal morphology.  
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GP35. ROLE OF DEATH RECEPTOR, MITOCHONDRIAL AND ENDOPLASMIC 
RETICULUM PATHWAY IN DIFFERENT STAGES OF DEGENERATED HUMAN LUMBAR 
DISC  
Zheng, ZhaoMin; Wang, Hua; Liu, Hui; Zhang, KuiBo; Wang, TaiPing 
Department of Spine Surgery£¬The First Affiliated Hospital, Sun Yat-san University, 
GuangZhou, China 

 

INTRODUCTION: NP cell apoptosis has been suggested to play an important role in 
disc degeneration. It has been proved Intervertebral disc cell apoptosis occurs 
through either death receptor, mitochondrial pathway or endoplasmic reticulum (ER) 
pathway. However, the relationship between the three apoptosis pathways and the 
grade of disc degeneration is unknown. The purpose of the current study is to 
evaluate the role of different apoptosis pathways in different stage of IVDD. 
 
METHODS: 73 samples were collected from patients with intervertebral disc 
degeneration or trauma patients as control. IVDD was graded by MRI using the 
Pfirrmann Grading System. The histology of IVD was detected by H&E staining, NP cell 
apoptosis by TUNEL staining. Gene expression of the three apoptosis pathways was 
determined by RT-PCR for FasL/Fas, P53, Bcl-2, Bax and GRP78. IHC was used to 
detect the expression site of Cyt-C. 
 
RESULTS: Cell density of NP cells decreased with the promoting of degeneration 
process. More apoptotic cells with the promotion of degeneration. Fas expression 
was high in normal disc and higher in degenerative intervertebral disc, but little 
difference with the levels of degeneration. Almost no expression of FasL, Bax and 
p53mRNA in normal disc, whereas Higher grades of IVDD were accompanied by 
higher expression of FasL , Bax and p53. Almost no expression of GRP78 in normal 
disc, whereas GRP78 expression was detectable in IVDD but showed no significant 
change during the degeneration progressed. Bcl-2 was detected with high expression 
in normal disc, but downregulated with the degeneration progressed. 
 
CONCLUSION: Our preliminary results imply that IVDD may be promoted by the 
intrinsic mitochondria /ER and extrinsic Death receptor apoptosis signaling pathways. 
Death receptor pathway plays an important role in each stage of IVDD, ER pathway is 
involved in both stages especially early stage, mitochondria pathway plays an 
important role in the late stage.  
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GP36. THE EFFECT OF NEUROTROPIN® ON PROTEOGLYCAN AND COLLAGEN 
SYNTHESIS BY INTERVERTEBRAL DISC CELLS  
Yoshikawa, Tomoaki1; Hemmad, Aseem1; Naiki, Mitsuru2; Uchida, Atsumasa3; 
Masuda, Koichi1 
1University of California, San Diego, Orthopaedic Surgery, La Jolla, US; 2Nippon Zoki 
Pharmaceutical Company, Institute of Bio-Active Science, Katoh-shi, Hyogo, Japan; 
3Mie University Graduate school of Medicine, Tsu, Mie, Japan 

 

INTRODUCTION: Neurotropin® (NTP) is a nonprotein extract from the inflamed skin of 
rabbits following inoculation with vaccinia virus and has been widely used to treat 
neuropathic pain, including post-herpetic neuralgia and low back pain in Japan [1]. 
Animal models have shown that the anti-nociceptive effect of NTP was derived from 
the activation of the descending monoaminergic pain inhibitory system. The purpose 
of this study was to assess the effects of NTP on proteoglycan (PG) and collagen 
synthesis using bovine nucleus pulposus (NP) and anulus fibrosus (AF) cells cultured 
under normoxic and hypoxic conditions.  
 
METHODS: Bovine NP and AF cells in alginate beads were treated with three different 
concentrations (0.001-0.1 NU/mL) of NTP for three days under normoxic (21%O2) or 
hypoxic (5%O2) conditions; PG and collagen synthesis and cell proliferation were 
assessed. (cont’d) 
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RESULTS: PG synthesis was significantly increased with NTP treatment in NP cells 
under culture at 5% O2 (at 0.1 NU/ml, +66%, p<0.05, Figure ). Collagen synthesis in AF 
cells under 21%O2 was increased by treatment with NTP in a dose-dependent 
manner (at 0.1 NU/ml: +47%, p<0.05, Figure).  
 
DISCUSSION: NTP stimulated extracellular matrix synthesis of intervertebral disc cells 
to different degrees in normoxia and hypoxia; NP cells responded better under 
hypoxic conditions while AF cells responded better under normoxic conditions. 
Because oxygen tension is different in the AF and the NP, these differential responses 
by two different cell types may reflect optimal culture conditions. The mechanism of 
increased extracellular matrix production by NTP is not clear at this point; further 
studies on the mechanism are warranted. Our results suggest that NTP may have 
beneficial effects, not only on pain relief, but also on maintaining intervertebral disc 
homeostasis. An in vivo study on this aspect of treatment with NTP is of clinical 
interest.  
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GP37. THE EFFECTS OF PUNCTURED NUCLEUS PULPOSUS ON LUMBAR RADICULAR 
PAIN IN RATS: A BEHAVIORAL AND IMMUNOHISTOCHEMICAL STUDY  
Zhang, KuiBo1; Zheng, ZhaoMin1; Liu, Hui1; Liu, XianGuo2 
1Department of Spine Surgery, The First Affiliated Hospital, Sun Yat-sen University, 
GuangZhou, China; 2Pain Research Center, Sun Yat-sen University, GuangZhou, China

 

 INTRODUCTION: Application of the nucleus pulposus (NP) to the nerve root has been 
developed as a model of lumbar radicular pain. The relationship between disc 
degeneration and the induction of radicular pain, however, has not yet been fully 
explored. The authors of this study investigated pain-related behaviors and 
expression of tumor necrosis factor-α (TNF-α) in the dorsal root ganglion (DRG) to 
evaluate the effects of punctured NP on lumbar radiculopathy. 
 
METHODS: An anular needle puncture model of intervertebral disc degeneration in a 
rat tail was established. Normal and previously punctured NP tissues were obtained 
and placed on the L-5 nerve root following a hemilaminectomy. Behavioral tests 
including assessment of motor function, mechanical threshold, and thermal 
withdrawal latency were performed before and after surgery. The TNF-α 
immunoreactivity in L-5 DRG specimens was examined through 
immunohistochemical study. 
 
RESULTS: The punctured discs showed significant degeneration 2 weeks after 
intervention. Application of both normal and punctured NP induced mechanical 
hyperalgesia in the ipsilateral paw for 10 days after surgery, but hyperalgesia was 
more severe in the punctured NP group. No statistically significant within-group 
changes in thermal withdrawal latency over time were found. A significant increase in 
the expression of TNF-α-positive neurons in DRG specimens was observed in both NP 
graft groups. 
 
CONCLUSIONS: Needle puncture led to degenerative changes in the rat tail disc, and 
the degenerated NP enhanced mechanical hyperalgesia induced by application of the 
NP to the lumbar nerve root. This model of disc degeneration and lumbar radicular 
pain is appropriate for evaluating the efficacy of biological treatments for 
degenerative disc diseases.  
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GP38. INCREASED PRO-INFLAMMATORY GENE EXPRESSION IN ANNULUS FIBROSUS 
CELLS EXPOSED TO OMEGA-3 FATTY ACIDS  
Gwendolyn, Sowa1; Moore, Carolyn1; Liggon, Michael1; Coelho, J. Paulo1; Vo, Nam1; 
Balk, Judith1; Preuss, Harry2; Kang, James1 
1University of Pittsburgh, Pittsburgh, US; 2Georgetown University, Washinton D.C., US 

 

INTRODUCTION: Omega-3 fatty acids, common nutritional supplements found in fish 
oils, have demonstrated effects on cartilage matrix homeostasis through decreased 
inflammatory mediators. Similarly, decreased systemic inflammatory mediators were 
noted in a clinical study of patients with high dietary omega-3 fatty acids. In addition, 
case report level data suggest improvement in patients with disc degeneration and 
low back pain, raising the question of their effects on intervertebral disc cell 
inflammation.  
 
METHODS: Annulus fibrosus (AF) cells were isolated from skeletally mature female 
New Zealand White rabbits and exposed to various concentrations of DHA or EPA 
(1uM, 10uM, 100uM) in the presence or in the absence of IL-1beta (1 ng/ml). After 24 
hours, gene expression of inflammatory markers was analyzed through RT-PCR of 
inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2).  
 
RESULTS: Cells exposed to 100 uM EPA or DHA resulted in increased cell death. 
Exposure to EPA at 1uM or 10uM resulted in increased expression of iNOS and COX-2. 
Exposure to DHA at 1uM resulted in a small decrease in iNOS expression and increase 
in COX-2 expression, whereas exposure to 10uM DHA resulted in increased 
expression of both iNOS and COX-2. In cells not stimulated with IL-1 beta, exposure to 
either EPA or DHA demonstrated increased COX-2 gene expression, but not iNOS 
expression.  
 
DISCUSSION: The observation of increased catabolic gene expression in response to 
DHA or EPA is intriguing in light of the literature demonstrating an anti-inflammatory 
effect in other tissues. However, additional studies will be needed to establish the 
effects on overall inflammation and potential effects on disc matrix homeostasis.  
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GP39. LRP1 FUNCTIONS AS A NEUROTROPHIC RECEPTOR IN DORSAL ROOT 
GANGLION SENSORY NEURONS  
Yamauchi, Kazuyo1; Mantuano, Elisabetta2; Yamauchi, Tomonori3; Takahashi, 
Kazuhisa4; Gonias, Steven L.5; Campana, W. Marie2 
1UCSD and Chiba University, Anesthesiology and Orthopaedic Surgery, La Jolla, US; 
2UCSD, Anesthesiology, La Jolla, US; 3UCSD and Chiba University, Anesthesiology and 
Pathology and Orthopaedic surgery, La Jolla, US; 4Chiba University, Orthopaedic 
Surgery, Chiba, Japan; 5UCSD, Pathology, La Jolla, CA, US

 

 INTRODUCTION: The pathological mechanism of discogenic low back pain is 
supposed to be sensory nerve ingrowth into the inner layers of the discs. The effect 
of neurotrophic receptor is considered to be important for mediating nerve growth. 
LRP1 also is expressed by many neuronal populations and has been implicated in 
nerve growth by a pathway that may involve Src family kinases (SFK). The goal of this 
study was to determine whether LRP1 functions as a neurotrophic receptor in 
sensory neurons.  
 
METHODS: Primary cultures of DRG were prepared from rat embryos (day 15). The 
LRP1-binding domain of α2-macroglobulin (RBD) or GST as negative control or NGF as 
positive control was treated immediately after plating DRG. And, it was performed 
whether RBD was related to sensory neuron extension via Src-mediated pathway 
using PP2 as Src family kinase inhibiter. DRG were pretreated with or without PP2 for 
30min before treatment with RBD or GST or NGF. The ability of each group to 
promote nerve growth was confirmed by measuring GAP43 mRNA. Furthermore, it 
was performed immunocytochemistry to investigate for DRG survivability using anti 
cleaved-caspase3.  
 
RESULTS: qPCR of GAP43 mRNA after treatment with RBD or NGF were significantly 
more than one with GST, *p < 0.05. In a word, we considered that RBD induced in 
nerve growth comparable to NGF. qPCR of GAP43 mRNA after treatment with RBD or 
NGF or NGF+PP2 were significantly more than one with GST, *p < 0.05. RBD+PP2 was 
not significantly compared with GST. Therefore, PP2 blocked nerve growth in 
response to the RBD but not NGF. As the result of immunocytochemistry, cleaved-
caspase3 positive cells which were treated with RBD or NGF less than treated one 
with GST. It suggested that RBD enhanced cell survivability.  
 
DISCUSSION: These results suggest that LRP1 ligands in sensory neurons activate the 
SFK dependent pathway. The ability of LRP1 in sensory neurons to promote survival, 
nerve growth qualifies LRP1 as a true neurotrophic receptor.  
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GP40. THE LOADED DISC CULTURE SYSTEM; EX VIVO ORGAN CULTURE AND 
LOADING OF LARGE SPECIES INTERVERTEBRAL DISCS  
Paul, CP1; Zuiderbaan, B2; Zandieh Doulabi, B2; Van der Veen, AJ1; Smit, TH1; Helder, 
MN1; Mullender, MG1; Van Royen, BJ1 
1VU University Medical Center, Orthopaedic surgery, Amsterdam, Netherlands; 2VU 
University Medical Center, Oral Cell Biology, Amsterdam, Netherlands 

 

INTRODUCTION: Low-back pain is a common disorder and has been significantly 
associated with degenerative disc disease (DDD). Mechanical loading is considered a 
major extrinsic component in the onset and progression of DDD. We have developed 
the Loaded Disc Culture System (LDCS), an ex-vivo bioreactor for culture of entire 
intervertebral discs (IVDs) allowing for close control of loading conditions and 
monitoring of biomechanical properties. In recent publications we show that lumbar 
goat IVDs resemble human IVDs with respect to mechanical properties and cellular 
composition. The purpose of the current study is to investigate the feasibility of 
culturing caprine IVDs with maintenance cellular and extracellular properties in the 
LDCS over a 21day culture period.  
 
METHODS: Lumbar IVDs with end plates (L1-6; n=200) were harvested from goats 
(n=40) under sterile conditions. IVDs were cultured in the LDCS without loading, with 
a constant low dynamic load, or with a simulated physiological load. Cell viability was 
assessed in the nucleus (NP) and inner and outer annulus (iAF,oAF). Also, water, 
glycosaminoglycan (GAG) and total collagen content of the extracellular matrix (ECM) 
were measured.  
 
RESULTS: Fresh discs (day_0) displayed a mean cell viability of 80.2%_(NP); 
75.9%_(iAF) and 70.9% (oAF). Cell viability dropped within 7 days in the unloaded 
group in all regions. Constant low dynamic load showed a gradual decrease, while 
simulated physiological loading maintained cell viability in all regions (fig1). Water, 
GAG and collagen content in the extracellular matrix did not change significantly up 
to 21 days in any group, when compared to day 0 (fig 2). 

DISCUSSION: We are able to maintain the native properties of goat discs in the LDCS 
over a 21day culture period by applying simulated physiological load. The LDCS may 
serve as a valuable platform to study the processes involved in degenerative disc 
disease (DDD). (cont’d) 
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GP41. APPLICABILITY OF STRUCTURAL VIBRATION TESTING FOR ASSESSMENT OF 
THE MECHANICAL PROPERTIES OF GOAT VERTEBRAL MOTION SEGMENTS  
Van Engelen, Susanne J.P.M.1; Van der Veen, Albert J.2; De Boer, Andre3; Ellenbroek, 
Marcel H.M.3; Smit, Theo H.4; Van Royen, Barend J.5; Van Dieen, Jaap H.1 
1VU University Amsterdam, Research Institute MOVE, Faculty of Human Movement 
Sciences, Amsterdam, Netherlands; 2VU University Medical Centre Amsterdam, 
Department of Physics and Medical Technology, Amsterdam, Netherlands; 3University 
of Twente, Department of Applied Mechanics, Enschede, Netherlands; 4VU University 
Medical Centre Amsterdam, Skeletal Tissue Engineering Group Amsterdam, 
Amsterdam, Netherlands; 5VU University Medical Centre Amsterdam, Department of 
Orthopaedic Surgery, Amsterdam, Netherlands 

 

INTRODUCTION: In vivo intervertebral stiffness cannot be determined directly 
because MRI and X-ray images can only provide an estimate of stiffness based on 
degeneration, and spinal manipulation techniques and intraoperative measurement 
devices can only obtain the mechanical properties of the entire system. An 
alternative method to measure intervertebral stiffness might be structural vibration 
testing, which measures the response of a system to an applied vibration as a 
function of frequency, and allows determination of modal parameters such as 
resonance frequencies (ratio between stiffness and mass), vibration modes (pattern 
of motion) and damping. The objective of this study was to determine if structural 
vibration testing can reveal the resonance frequencies of flexion-extension, 
lateroflexion and axial rotation of lumbar motion segments, and to examine whether 
resonance frequencies are sensitive to alterations in intervertebral stiffness.  
 
METHODS: A shaker was used to vibrate the upper vertebra of 16 motion segments, 
while the response was obtained in anteroposterior and mediolateral direction from 
accelerometers on the transverse processes, the spinous process and the ventral side 
of the upper vertebra. Measurements were performed in three conditions: intact, 
after dissection of the ligaments, and after puncturing the annulus fibrosus.  
 
RESULTS: All segments showed clear resonance peaks for flexion-extension, 
lateroflexion, and axial rotation. Dissection of the ligaments did not affect the 
resonance frequencies, but puncturing the annulus significantly reduced the 
resonance frequency of axial rotation.  
 
DISCUSSION: These results indicate that structural vibration testing can be utilized to 
assess the modal parameters of lumbar motion segments. Based on these results, 
vibration testing might be a promising method to study the mechanical properties of 
larger spinal sections and ultimately patients suffering from low back disorders.  
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GP42. A BIOMECHANICAL STUDY OF TWO DIFFERENT PEDICLE SCREW METHODS 
FOR FIXATION IN OSTEOPOROTIC AND NON-OSTEOPOROTIC VERTEBRAE  
Higashino, Kosaku1; Kim, Jin Hwan2; Horton, William2; Hutton, William2 
1Tokushima University, Orthopedics, Tokushima, Japan; 2Emory University School of 
Medicine, Orthopedics, Atlanta, US 

 

INTRODUCTION: In reconstruction of the osteoporotic spine patients often show 
poor outcome due to pedicle screw failure. We carried out a study, using 
osteoporotic and non-osteoporotic vertebrae, to determine the difference in fixation 
strength between pedicle screws inserted straight forward and pedicle screws 
inserted in an upwards trajectory so that the tip lay below the superior endplate (i.e. 
endplate screw). There is some evidence to suggest that endplate screws have a 
strength advantage. Our particular focus was on osteoporotic vertebrae.  
 
METHODS: Thirty three vertebrae (T10- L2) were harvested. The BMD was measured: 
15 vertebrae were greater than 0.8 g/cm2 and designated as non-osteoporotic 
(average BMD 1.146 ± 0.186 g/cm2) and 18 vertebrae were designated as 
osteoporotic (average BMD 0.643 ±0.088 g/cm2). On one pedicle the screw was 
inserted straight forward and on the other pedicle the screw was inserted as an 
endplate screw. Then, using a an MTS Mini Bionix two types of mechanical testing 
were carried out on each pedicle screw: 1) Cephalocaudad toggling was first carried 
out to simulate some physiological-type loading: 500 cycles at 0.3 Hz, at±50 N; 2) The 
screw was then pulled out (along its long axis) at a displacement rate of 12.5 
cm/minute. 
 
RESULTS: 1) There was no difference in pullout force between the pedicle screws 
inserted straight forward and the pedicle screws inserted as endplate screws. This 
result applies whether the vertebrae were osteoporotic or non-osteoporotic (p = 
0.7969); 2) There was a big difference in pullout strength between the osteoporotic 
and the non-osteoporotic vertebrae (c.f. 620 N with 435 N; p = 0.0013).  
 
DISCUSSION: Pedicle screws inserted as endplate screws do not provide a strength 
advantage over pedicle screws inserted straight forward, whether the vertebrae are 
osteoporotic or not.  
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GP43. EFFECTS OF CHANGE OF BALL RADIUS ON CREATION OF WEAR DEBRIS IN 
BALL-AND-SOCKET TOTAL DISC ARTHROPLASTY  
Moghadas, Parshia M.; Hukins, David W. L.; Shepherd, Duncan E. T.; Mahomed, Aziza 
The University of Birmingham, Mechanical Engineering, Birmingham, UK

 

 INTRODUCTION: Total Disc Arthroplasty (TDA) can be used to replace a damaged 
intervertebral disc in the spine. There are different designs of prosthetic discs, but 
one of the most common is a ball-and-socket combination. In such designs, ball-and-
socket surfaces are in direct contact at all times, hence friction is created. Friction 
results in wear debris creation. The aim of this work was to look at the effects of 
change in dimensions on the friction and wear of a ball-and-socket disc arthroplasty.  
 
METHODS: A generic ball-and-socket model was designed and manufactured based 
on the dimensions and geometry of a metal-on-metal Maverick (Medtronic, 
Minneapolis, USA) device. Keeping the radial clearance similar to the Maverick (i.e. 
0.015 mm), the ball dimensions varied between 10 to 16 mm, in order to enable the 
comparison between different dimensions. The implants were made out of Cobalt 
Chrome Molybdenum alloy, with a surface roughness of 0.05 μm. A Bose spine 
simulator (Bose Corporation, ElectroForce Systems Group, Minnesota, USA) was used 
to apply an axial compressive force to the TDA. Flexion of +6° and extension of -3° 
was then applied at various frequencies and the resulting frictional torque measured. 
The tests were performed under an axial load of 50, 600, 1200 and 2000 N and 
frequencies of 0.5, 1.0, 1.5 and 2.0 Hz, with Newborn Calf Serum as lubricant.  
 
RESULTS AND DISCUSSION: The results showed variation of frictional torque in 
different frequencies for all four samples under constant axial load. It was observed 
that the frictional torque had the lowest value for the implant with ball radius of 
16mm. It could be concluded that the implant with larger ball radius may create less 
friction and therefore less wear debris.  
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GP44.  HOW DOES VERTEBROPLASTY AFFECT ADJACENT VERTEBRAE?  
Luo, Jin1; Annesley-Williams, Deborah2; Adams, Michael3; Dolan, Patricia3 
1Roehampton University, Department of Life Sciences, London, UK; 2Queen's Medical 
Centre, Department of Neuroradiology, Nottingham, UK; 3University of Bristol, Centre 
for Comparative and Clinical Anatomy, Bristol, UK 

 

INTRODUCTION: Osteoporotic fracture reduces vertebral stiffness and alters spinal 
load-sharing. Vertebroplasty partially reverses these changes at the fractured level, 
but may act to increase deformations and stress at adjacent levels. We examined this 
possibility.  
 
METHODS: Fourteen pairs of three-vertebra cadaver spine specimens (67-92 yr) were 
loaded to induce fracture. One of each pair underwent vertebroplasty with PMMA, 
the other with a resin (Cortoss). Specimens were then creep loaded at 1.0kN for 1hr. 
In 17 specimens where the upper or lower vertebra fractured, compressive stress 
distributions were measured in the disc between adjacent non-fractured vertebrae 
by pulling a pressure transducer through the disc whilst under 1.0kN load. These 
"stress profiles" were obtained at each stage of the experiment (in flexion and 
extension) in order to quantify intradiscal pressure (IDP) and compressive load-
bearing by anterior (FA) and posterior (FP) halves of the vertebral body and by the 
neural arch (FN). Elastic deformations in adjacent vertebrae were measured using an 
optical MacReflex system.  
 
RESULTS: No differences were found between Cortoss and PMMA so all data were 
pooled. Following fracture, IDP fell by 26% in extension (P=0.004). FA decreased from 
55% to 36% of the applied load in flexion (P=0.002) and from 36% to 27% in extension 
(P=0.002). FN increased from 17% to 31% in flexion (P=0.006) and from 22% to 37% in 
extension (P=0.008). Vertebroplasty significantly reversed these mechanical changes 
but had no significant effect on elastic deformations of adjacent vertebrae.  
 
DISCUSSION: Vertebral fracture transferred compressive load from the anterior 
vertebral body to the posterior vertebral body and neural arch of adjacent (non-
fractured) vertebrae. Vertebroplasty largely restored normal load-sharing without 
increasing deformations of adjacent vertebrae. Beneficial effects of vertebroplasty 
are not at the expense of increasing adjacent level fracture risk.  
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GP45. ESTABLISHMENT OF A HERNIATION MODEL AND EXPERIMENTS WITH AN 
ANNULUS RECONSTRUCTION IMPLANT  
Wilke, Hans-Joachim; Widmann, Lena; Graf, Nicolas; Heuer, Frank 
Institute of Orthopaedic Research and Biomechanics, University of Ulm, Ulm, 
Germany 

 

INTRODUCTION: A common method to treat herniated discs is to remove the 
sequester followed by partial or complete removal of the nucleus to avoid a 
reherniation. Therefore it would be desirable to close the annulus defect in order to 
preserve as much nucleus material as possible. The aim of this study was to establish 
an in vitro herniation model and to test a new annulus reconstruction implant.  
 
METHODS: Human lumbar specimens had to prove during intradiscal pressure 
measurement that the nucleus still features hydrostatic behavior until we found 
three L2-3 and three L4-5 segments (median: 58 years). A rectangular defect (6 x 10 
mm) was created at the posterior annulus. Complex cyclic loading was applied until a 
visible nucleus extrusion occurred. The extruded material was then pushed back into 
the disc and the annulus defect was treated with the Barricaid (Intrinsic Therapeutics 
Inc.). The Barricaid consists of a metal anchor that was inserted below the superior 
endplate of the inferior vertebra connected to a mesh that was placed inside the disc 
to seal the annulus internally. Disc height and 3D-flexibility of the intact, defect and 
implanted specimens were measured in a spine tester. Afterwards re-herniation was 
provoked by cyclic loading.  
 
RESULTS: Compared to the intact state, the provoked herniation caused a median 
reduction of the disc height of 0.6 mm which could be restored up to 0.2 mm with 
the implant. The increase of the range of motion (ROM), however, could only be 
improved slightly. In contrast, the fundamental result was that in no case was a re-
herniation visible in the macroscopic inspection after 100.000 cycles following 
Barricaid implantation.  
 
DISCUSSION: We were able to establish a herniation model that guaranteed reliable 
nucleus extrusion during cyclic loading. The Barricaid seems to prevent the nucleus 
from re-herniating.  
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GP46. SPINAL SAGITTAL ALIGNMENT AND BALANCE IN NORMAL NIGERIAN 
SUBJECTS  
Kawu, Ahidjo Abdulkadiri1; Olawepo, Ayokunle2; Salami, Olayinka OA3; Kuranga, 
Sulaiman A4 
1University Of Abuja Teaching Hospital, Gwagwalada, Gwagwalada, Nigeria; 
2University of Ilorin, Ilorin, Nigeria; 3National Orthopaedic Hospital, Lagos, Lagos, 
Nigeria; 4University of Ilorin Teaching Hospital, Ilorin, Ilorin, Nigeria 

 

BACKGROUND: The clinical significance of sagittal plane alignment has been 
established. The aim of this study is to determine the radiographic parameters of the 
sagittal profile of the spine in Nigeria subjects and compare it to parameter in 
established studies to ascertain if there would be geographic and racial differences in 
the parameter observed.  
 
METHODS: A digitized standing sagittal radiographs of the spine and pelvis of 100 
asymptomatic subjects were evaluated using SurgimapSpine (DePuy Spine, USA) 
software. Lumbar lordosis, thoracic kyphosis, T9 sagittal offset, sacral slope, pelvic 
incidence, pelvic tilt, intervertebral angulation, and vertebral wedging angle from T9 
to S1 were measured. The relationship between these parameters was explored 
using a descriptive and a multivariate analysis, and unpaired t-test was used to 
establish the racial and geographic difference from findings of previous studies.  
 
RESULTS: The mean values of maximum lumbar lordosis, sacral slope, pelvic tilt, 
pelvic incidence and T9 sagittal offset were 56° ± 8.2°, 38° ± 6.2°, 16° ± 7.4°, 51° ± 9.6° 
and 9.4° ± 2.7° respectively. These mean values of the parameter studied were lower 
without statistical significance, but with similar relationship between these 
parameters as noted in that of the Europeans.  
 
CONCLUSION: With respect to the difference in mean values noted in the parameters 
studied, there is a need to establish an acceptable normal range of mean values of 
the radiographic parameters of the sagittal profile of the spine even when our study 
did not show statistical difference with that of the Europeans. This may be useful in 
the management of patient with spinal sagittal imbalance from different racial and 
geographic background.  
 
Key-words: Nigeria, sagittal balance, digitized radiograph, multivariate analysis  
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GP47. THE BIOMECHANICAL INFLUENCE OF SUPERIOR FACET JOINT VIOLATION BY 
PEDICLE SCREWS ON THE CORRESPONDING SEGMENT IN LUMBAR FUSION 
SURGERY  
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Chun3; Kyoung-Tak, Kang4; Ju-Woong, Jang4; Joon-Hee, Park5 
1Yonse Sarang Hospital, Seoul, Republic of Korea; 2Yonsei University College of 
Medicine, Department of Orthopaedic Surgery, Seoul, Republic of Korea; 3Yonsei 
University, Department of Mechanical Engineering, Seoul, Republic of Korea; 4The 
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5Kang-dong Sacred Heart Hospital, Hallym University, Seoul, Republic of Korea 

 

INTRODUCTION: Even though superior facet joint violation could have implications 
for enhancing the facet degeneration and adjacent segment degeneration after 
lumbar fusion, the biomechanical influence still remain uncertain. Therefore, the 
purpose of this study is to investigate the association between the position of 
inserted pedicle screw and corresponding facet contact force or intra-discal pressure 
and the effect of removal of screws, using finite element model. 
 
METHODS: In the validated intact lumbar FE model (L2-5), four scenarios of L4-5 
posterolateral fusion were simulated, which consisted of the model with the violated 
both L3/4 facet joints by pedicle screws (FV), the model with L3/4 facet joint 
preservation (FP), and models with removal of pedicle screws in former two models 
(rFV, rFP). Under extension and torsion moment, the intradiscal pressure and facet 
contact force at L3/4 segment were analyzed in each scenario, and compared with 
intact model. 
 
RESULTS: The FV model led to a 14.3% increase of intradiscal pressure and 100% 
increase of facet contact force at L3/4 segment under extension, while the change of 
intradiscal pressure and facet contact force amounted to a 5.2 % and 7.7% increase 
under extension in the FP model. In each rFV and rFP model, the amount of an 
increase of intradiscal pressure reduced to 6.5% and 0% increase, and the amount of 
an increase of facet contact force reduced to 34.7% and 3.9% increase under 
extension. Under torsion, the change of intradiscal pressure and facet contact force 
had similar trends to extension moment. 
 
DISCUSSION: This biomechanical study elicited that pedicle screws which violated 
corresponding facet joints could lead to the increase of stress at superior adjacent 
segments, compared to in-violated pedicle screws. Even after bony fusion was 
accomplished, removal of violated pedicle screws had a beneficial effect on decrease 
of overstress at adjacent disc and facet joint.  
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GP48. EFFECT OF COMMON LUMBOSACRAL MOTIONS ON SACRAL SCREW BENDING 
MOMENTS IN LONG POSTERIOR FUSION CONSTRUCTS  
Fleischer, Gary1; Freeman, Andrew2; Ferrera, Lisa3 
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INTRODUCTION: Sacral screws in long posterior fusion constructs have been 
implicated in pseudarthrosis related to screw strains and motion. Pedicle screw 
strains have been quantified previously in longitudinal orientation but these studies 
have not differentiated the magnitude of these based on the direction of force 
applied to the spine, nor have they captured resultant strain vectors in all screw 
bending moments. The objective of this study was to compare the resulting bending 
moments on the S1 screws during simulated physiologic loading in sagittal and lateral 
bending and spinal torsion.  
 
METHODS: Six L2-pelvis specimens were dissected and potted. Four instrumentation 
states were tested: 1)posterior fixation with pedicle screws from L2-S1 (PS), 2)iliac 
screws +PS, 3)AxiaLIF +PS and 4)ALIF +PS. Pure moments were applied at ±7.5 Nm in 
each anatomic plane and torsion with no compressive preload. The S1 screws were 
instrumented to directly measure biplanar screw bending with strain gages in two 
independent half bridge configurations, individually calibrated in Nm. Vector addition 
of the strain channels was used to calculate the resultant magnitudes of the bending 
moments during peak applied moments.  
 
RESULTS: The S1 screw bending moment magnitudes were consistently greatest in 
torsion for all constructs, followed by flexion and extension, and least in lateral 
bending. AxiaLIF and iliac screws significantly reduced the strains in all motion 
directions and were statistically equivalent. ALIF was less effective to reduce the S1 
bending moments. (cont’d) 
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DISCUSSION: Long posterior fixation is oriented parallel to the long axis of the spine, 
which may lead to the incorrect assumption that the most strain is applied in this 
direction. Typical spine loads are significantly more complex during daily activities. 
These data suggest that the most strain on the S1 screws occurs during torsion and 
that iliac bolts and AxiaLIF are similar in reducing S1 bending moments.  
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GP49. ANALYSIS OF ABDOMINAL MUSCULAR ACTIVITY USING WIRE 
ELECTROMYOGRAPHY DURING STANDING JUMP  
Okubo, Yu1; Kaneoka, Koji2; Shiina, Itsuo3; Tatsumura, Masaki3; Miyakawa, Shumpei3 
1Health Science University, Department of Physical Therapy, Fujikawaguchiko, Japan; 
2Waseda University, Faculty of Sport Sciences, Tokorozawa, Japan; 3University of 
Tsukuba, Graduate School of Comprehensive Human Sciences, Tsukuba, Japan 

 

INTRODUCTION: It has been reported that the transversus abdominis (TrA) activity 
precedes the agonistic muscle during movements of the limbs. The nature of the TrA 
activity during sports, however, has yet to be examined. The purpose of the present 
study was to clarify the activity pattern of the abdominal muscles during standing 
jump using wire electromyography.  
 
METHODS: Thirteen healthy males participated in this study. Wire electrodes were 
inserted into the left TrA with the guidance of ultrasound imaging, surface electrodes 
were attached to the left rectus abdominis (RA) and external oblique (EO). The 
electromyographic activities and video images were recorded while each subject was 
performing standing jump at a distance equivalent to his own height. The 
experimental task was divided into the following 3 phases: from 200 ms prior to heel-
off to heel-off (preparation phase); from heel-off to toe-off (push-off phase); from 
toe-off to 200 ms after toe-off (jumping phase). For each muscle, reaction time 
relative to the toe-off (0 s) and muscle activity level (%MVC) in each phase were 
determined, and evaluated using analysis of variance (ANOVA, p<.05).  
 

RESULTS: The reaction times of the TrA, EO and RA were -349•}64 ms, -279•}61 ms 

and -207•}70 ms, respectively. The onset of the TrA activation was earlier than that 
of the RA and EO activities. The activity level in all the muscles was significantly 
greater during the push-off phase than the other phases.  
 
DISCUSSION: These results imply that the TrA was activated first to enhance trunk 
stability, and the RA and EO were subsequently activated to generate the torque for a 
jumping movement. They also suggest that the abdominal muscles involving standing 
jump increase their activity levels during the push-off phase.  
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GP50. A BIOMECHANICAL EVALUATION OF PEDICLE FIXATION AND FACET FIXATION 
USING THE BOUCHER TECHNIQUE FOR PRIMARY AND CIRCUMFERENTIAL FUSIONS  
Agarwala, Amit1; Bucklen, Brandon2; Muzumdar, Aditya2; Moldavsky, Mark2; Khalil, 
Saif2 
1Panorama Orthopedics & Spine, Golden, US; 2Globus Medical, Audubon, US 

 

INTRODUCTION: Spinal fusion is used to treat disabling back pain arising from a failed 
motion segment. Recently, transfacet pedicle screws (TFPS) of the facet joint have 
been investigated as an alternative to bilateral pedicle screw (BPS) and rod fixation 
systems in the lumbar spine; 1) as an adjunctive posterior surgery following interbody 
fusion; and 2) as a stand-alone form of fixation to traditional posterior techniques.  
 
METHODS: Two groups of seven fresh frozen human cadaver lumbar spines (L3-S1) 
were tested by applying pure moments of ± 6 Nm. Each specimen in both groups was 
tested in a primary and circumferential fusion (ALIF spacer, spacer+plate) 

environment. Both TFPS and BPS 
were used as posterior fixation (Fig. 
1). Motion (ROM) was obtained at 
L4-L5 for single-level constructs in 
flexion-extension, lateral bending 
and axial rotation modes.  
 
RESULTS: In primary fixation, TFPS 
and BPS statistically reduced motion 

below intact levels. Fixation with BPS restricted motion more than TFPS in all modes, 
except for flexion-extension, but often with minimal differences. In circumferential 
fixation, incorporating an anterior spacer and plate with posterior instrumentation 
proved to be more beneficial for pedicle screw fixation than facet fixation. The 
interpretation is explained by the location of fixation with respect to the center-of-
rotation of the vertebral bodies. In lateral bending and axial rotation, BPS constructs 
were stiffer, though not statistically. (cont’d) 
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DISCUSSION: In flexion-extension, TFPS 
screws provided similar fixation to 
bilateral pedicle screws in primary and 
circumferential fixation (Fig. 2). Results 
suggest that TFPS may be an equivalent 
alternative in either primary fusion or 
circumferential fusion which incorporates 
an anterior plate, as the differences in 
ROM and ultimate stability between facet 
and pedicle screws are minimized. 
Biomechanically, facet screws represent a 
stable alternative to pedicle screw systems.  
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GP51. AXIAL ROTATION MOTION INDUCES HIGHEST LOADS IN MULTIFIDUS  
Robie, Bruce1; Dendorfer, Sebastian2; Rasmussen, John3; Torholm, Soren2 
1ARO Medical, North Andover, US; 2AnyBody Technology, Aalborg, Denmark; 3Aalborg 
University, Mechanical Engineering, Aalborg, Denmark 

 

INTRODUCTION: The multifidus muscle is a key 
stabilizer of the spine. Multifidus atrophy occurs in 
patients with low back pain and those with 
symptomatic herniated discs. Study of muscle 
behavior has generally been limited to EMG studies. 
Recently, validated musculoskeletal simulation 
software has been developed that permits analysis 
of muscle forces under a variety of activities. The 
AnyBody Modeling System™ contains more than 
1000 individual muscle branches and is shown in 
Figure 1. This study examines the force required by 
the different branches of the multifidus for each of the principal motions.  
 
METHODS: Lumbar flexion-extension (80° flexion to 10° extension), lateral bending 
(10° in both directions) and axial rotation (12° in both directions) was analyzed using 
a model of a standing human (1.75 m height, 75 kg) under influence of gravity. The 
stiffness of each lumbar spinal segment in each direction was based on published 
cadaver stiffness measurements for normal segments. The analyzed parameters were 
the forces in all branches of the multifidus muscles of the model on the right side of 
the spine.  
 
RESULTS: The peak force in a multifidus branch 
occurred during axial rotation (53N),  with lesser 
forces in flexion/extension (20N) and lateral 
bending (17N). The multifidus force varied during 
the range of motion, and was maximal at the limit 
of axial rotation (12° of lumbar spine rotation) 
only in one direction (Fig 2), while a maximum 
force was seen at full flexion with a lesser peak at 
extension and reduced forces at neutral position 
(not shown).  
 
DISCUSSION: Axial rotation motion induced the largest force in the multifidus. This 
result is consistent with previous work showing that axial rotation motion induces the 
greatest load on the facets and excessive axial rotation motion in patients with both 
low back pain and early disc degeneration.  
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GP52. CONSTRUCT STIFFNESS IN LUMBOSACRAL FIXATION VARIES WITH NUMBER 
OF FIXATION SCREWS  
McLain, Robert1; Inceoglu, Serkan1; Mekhail, Anis2 
1Cleveland Clinic, Center for Spine Health, Cleveland, US; 2University of Chicago, 
Chicago, US 

 

INTRODUCTION: Fusion is often required when the spine is found to be or is 
rendered unstable, but the number of screws needed for a given construct has not 
been quantified. With each pedicle screw placed there is added operative time, 
surgical risk, and cost. This study evaluated the mechanical stiffness of a long 
lumbosacral construct, varyinging the number of pedicle screws. Our hypothesis was 
that the number of screws could be reduced from maximum without losing fixation 
strength.  
 
METHODS: Six human cadaver spines were tested. Nondestructive testing was 
performed in extension, flexion, lateral bending and torsion. Specimens were 
instrumented with a titanium pedicle screw fixation system from L2 through S1. 
Construct A tested 5.5 mm rods fixed from L2 through S1 bilaterally. The left L3 and 
right L5 screws were then removed (Construct B). Next, both L3 and L5 screws were 
removed (Construct C). L4 pedicle screws were then removed, leaving L2 and S1 
screws alone (Construct D). Finally, all screws were reinserted (Construct E) for test-
re-test validation.  
 
RESULTS: Omission of screws affected torsion and extension most significantly. 
Removing two screws (construct B) decreased stiffness in torsion by 20%, while 
construct C decreased it by 40%, and construct D by 60%. The results for extension 
were comparable: Construct B showed a 10% decrease, construct C a 35% decrease, 
and construct D a 60% decrease on stiffness. In flexion, non-segmental fixation 
(construct D) decreased the stiffness by only 25%. Test -retest confirmed consruct 
integrity.  
 
DISCUSSION: The most rigid construct includes bilateral screws, at every level. Our 
data suggest that omission of two intercalary screws had no adverse effect on 
construct stiffness in extension and torsion, and that omission of four screws did not 
effect flexion stiffness. The surgeon may reasonably reduce operative time, risk, and 
cost by omitting selected screws from a long lumbar PS construct.  
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GP53. EFFECTS OF COMPRESSION AND DEGENERATION ON CELL VIABILITY IN 
INTERVERTEBRAL DISC: FINITE ELEMENT ANALYSIS  
Gu, Weiyong1; Jackson, Alicia1; Huang, Chun-Yuh1; Brown, Mark2 
1University of Miami, Department of Biomedical Engineering, Coral Gables, FL, US; 
2University of Miami, Department of Orthopaedics, Miami, FL, US 

 

INTRODUCTION: Lack of adequate nutrition is believed to contribute to degeneration 
of the intervertebral discs (IVD). Disc cells require nutrients to survive and function; 
glucose is considered the critical nutrient for cell survival. We developed a 3D finite 
element model of the IVD with cell viability criteria, and investigated the effects of 
disc degenerative changes and mechanical compression on nutrient profiles and cell 
viability in the IVD.  
 
METHODS: Our model, based on mechano-electrochemical mixture theory, includes 
anatomical geometry, nutrient concentrations coupled to cell metabolism, and strain-
dependent tissue properties. We also included cell viability criteria based on 
minimum glucose concentrations needed for cell survival, determined in-vitro.  
Effects of degeneration were investigated by altering tissue properties to reflect 
those of degenerated tissue, including decreased water content, fixed charge density, 
height, and endplate permeability, as well as variations in mechanical properties 
based on the literature. Effects of compression were examined by applying a 10% 
static deformation to the disc.  
 
RESULTS: Degeneration led to a 70% decrease in the minimum glucose concentration 
and a 25% decrease in averaged cell density, concentrated in the NP region. No cell 
death occurred in the normal disc. The 10% compressive deformation led to 19% and 
5% decreases in minimum glucose concentrations in normal and degenerated IVD, 
respectively. While no cell death occurred in the normal disc, cell density in the 
degenerated disc decreased 8% following compression.  
 
DISCUSSION: Our results indicate that both disc degeneration and mechanical strain 
can lead to decreased nutrient levels in IVD, and subsequent loss of cell viability. This 
model can predict cell viability in IVD under various conditions, and may therefore 
serve as a useful tool in developing new treatment strategies. This study provides 
important insight into mechanisms of disc degeneration.  
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GP54. QUANTIFYING LOW BACK INJURY RISK ASSOCIATED WITH MANUAL LIFTING 
JOBS IN DISTRIBUTION CENTERS  
Lavender, Steven A.1; Marras, William S.2; Ferguson, Sue A.2; Splittstoesser, Riley E.2; 
Yang, Gang2 
1The Ohio State University, Integrated Systems Eng. & Orthopaedics, Columbus, OH, 
US; 2The Ohio State University, Biodynamics Laboratory, Columbus, OH, US

 

INTRODUCTION: Quantifying low back disorder (LBD) risk associated with manual 
lifting tasks in distribution centers has been difficult in large part due the varying 
weights of the lifted items, the varying locations relative to the body, and the variable 
work rates. The objective of the current study was to develop LBD risk models 
applicable to distribution centers based upon biomechanically relevant exposure 
metrics.  
 
METHODS: Biomechanical exposures were measured 
on 195 workers working 50 jobs in 21 distribution 
centers using a wearable, sonic-based, load moment 
and movement data capture system. In most of the 
jobs, 4 to 5 people were sampled for approximately 
four hours. These data were pooled to create a sam-
ple for each job which was the unit of analysis. Low 
back injury rates from each job were collected retro-
spectively from the company's OSHA 300 records 
over the prior 3-year period. Jobs with no LBD inci-
dence over the prior three years were considered 
"low" risk (n=15). Jobs with a LBD incidence rate greater than 12 per 200,000 hours 
were considered "high" risk (n=15). Jobs with I200k values between these low and 
high risk criteria were removed.  
 
RESULTS AND DISCUSSION: The multivariate logistic regression identified an injury 
risk model that included: (1) The average of the job's peak dynamic forward load 
(box) moments; (2) the average of the maximum dynamic slide forces; and (3) the 
average duration of the non-load exposure period (seconds) during work periods 
(does not include breaks). This model had sensitivity and specificity values of 87 and 
73 percent, respectively. It should be recognized that many variables were 
significantly related to injury risk and that different models could be developed using 
other biomechanical exposure variables. We selected this particular model based on 
its sensitivity, specificity and explanatory power. 
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GP55. RECOMMENDED LOADS FOR THE SIMULATION OF AXIAL ROTATION IN THE 
LUMBAR SPINE  
Dreischarf, Marcel; Rohlmann, Antonius; Bergmann, Georg; Zander, Thomas 
Charité - Universitätsmedizin Berlin, Julius Wolff Institut, Berlin, Germany 

 

INTRODUCTION: The spine is stabilized by muscles. Their exact force magnitudes are 
unknown even for standard motions in the main anatomical planes. Thus, simplified 
loads are usually applied in spine studies. Moreover, the applied forces and moments 
vary strongly among different studies. Therefore, the measured or calculated values 
of different studies are hardly comparable and the most realistic load assumption is 
still unknown. The aim of the study was to determine a simplified load combination 
(force and moment) for the simulation of axial rotation which delivers results that fit 
best with those measured in vivo. 
 
METHODS: A validated finite element model of the lumbar spine was used in a 
sensitivity study to estimate the ranges of the output parameters, such as 
intervertebral rotations (IVRs), intradiscal pressures (IDP), and facet joint forces (FJF). 
The input parameters, like torsional moment, follower load, and boundary condition 
were within the ranges of published data. The input parameters which mostly affect 
spinal loads and kinematics during axial rotation were also determined. In a 
subsequent optimisation study, the load combination was calculated which delivered 
results that fit best with those of available in vivo measurements. 
 
RESULTS: The calculated ranges of IVR, IDP and FJF varied widely due to different 
load assumptions. The IVR and FJF are mainly affected by the magnitude of the 
torsional moment while the follower load influences mainly the IDP. The best 
agreement with published results measured in vivo was found for a follower load of 
720 N and a pure moment of 5.5 Nm that were applied to the unconstrained vertebra 
L1. 
 
DISCUSSION: The results clearly show that in many studies the assumed loads do not 
realistically simulate axial rotation. The optimised load combination determined in 
the present study mimic best the in vivo situation. Their consequent application leads 
to a better comparability of different investigations. 
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GP56. PATTERNS OF INTRADISCAL PRESSURE GENERATION ARE SIMILAR BETWEEN 
RAT AND HUMAN DEGENERATE DISCS  
Hwang, David1; Yu, Miao2; Hsieh, Adam H3 
1University of Maryland, College Park, Bioengineering, College Park, Maryland, US; 
2University of Maryland, College Park, Mechanical Engineering, College Park, 
Maryland, US; 3University of Maryland, Bioengineering & Orthopaedics, College Park 
& Baltimore, Maryland, US 

 

INTRODUCTION: Intradiscal pressure (IDP) generation contributes to compressive 
mechanics of the disc. Disc degeneration leads to altered tissue hydration and 
biomechanical function. The impact of these changes on IDP generation has 
previously been investigated in human discs. This study sought to determine whether 
trends in IDP changes are similar in a rat animal model of degeneration. 
 
METHODS: Sprague-Dawley rats were anesthetized and caudal discs punctured with 
an 18g needle to induce degenerative changes. After 8 weeks, rats were euthanized, 
and healthy and degenerate motion segments were harvested. Specimens were 
mounted on a materials testing system, and a custom Fabry-Perot fiber optic 
pressure sensor was guided into the nucleus pulposus (NP). Step loads of 0.05, 0.25 
and 0.45 MPa were applied for 30s with 30s of rest between, ending with an 
additional 300s hold at 0.5 MPa. Independent t-tests were used to compare IDPs 
generated between healthy and degenerate groups. 
 

 
 
RESULTS: Comparisons of IDP at each loading step revealed significantly higher 
pressure in healthy versus degenerate groups at 0.25 and 0.45MPa (p<0.05). (cont’d) 
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Linear fits also showed significantly better pressurization in healthy discs (p<0.05). 
Importantly, the trends in IDP changes in this animal model closely resembled that 
observed in human degenerate discs. 
 
DISCUSSION: This study confirms that the ability for the NP to pressurize is 
compromised following degeneration, likely due to breakdown of the extracellular 
matrix in both the NP and annulus fibrosus (AF) as well as decreased tissue hydration. 
To compare with past studies, the ratio of healthy: degenerate IDPs in our study was 
1.71 while Adams and colleagues measured a healthy: degenerate (Grade I:IV) ratio 
of 1.45 in human discs. Our results suggest that there may be important parallels in 
the biochemical and structural changes in the NP and AF between age-related human 
disc degeneration and injury-induced degeneration in rats. 

  



GENERAL POSTERS 

 

 
GP57. WOULD BI-CORTICAL SCREWS PLATING SYSTEM IMPROVE THE STABILITY OF 
LATERAL LUMBAR INTER BODY CAGE  
Kodigudla, Manoj1; Palepu, Vivek1; Goel, Vijay1; Serhan, Hassan2; Mhatre, Devdatt2; 
Cheng, Wayne3; Allen, Todd4; Garfin, Steve4; Chen, Jack5 
1Engineering Center for Orthopaedic Research Excellence (E-CORE), Toledo,OH, US; 
2DePuy Spine, Inc., Raynham, MA, US; 3Loma Linda University, Loma Linda, CA, US; 
4University of California, San Diego, CA, US; 5Orthopaedic Specialty Institute, Orange 
County, CA, US 

 

INTRODUCTION: Low back pain is one of the main reasons for disability, and 
treatment options range from conservative to instrumented fusion. Lateral approach 
has advantages like less muscle retraction, decreased injury to the nerve roots while 
preserving the anterior annulus fibrosis and ALL for enhanced stability. The purpose 
of this study is to evaluate the stability provided by the Aegis "four screw plate 
system" with uni-cortcal and bi-cortical screws in conjunction with lateral cages as 
compared to pedicle screw system. 
 
MATERIAL AND METHODS: Seven fresh-frozen ligamentous spines (L1-S1) were used, 
the cranial (L1) and caudal (S1) ends were potted using bondo. Pure moments (up to 
8 Nm) were applied at the cranial end while the caudal end was fixed. Motion (ROM) 
of all vertebrae with respect to the fixed vertebra was tracked using the Optotrak 
motion system. All of the spines were tested sequentially under five conditions; 

intact, L2-L3 and L4-L5 
levels received lateral stand 
alone cage, thereafter were 
randomized to Aegis plate 
with uni-cortical fixation 
(APSWC), Aegis plate with 
bicortical fixation, followed 
by the removal of the Ageis 
plate and fixation using 
Expedium pedicle screw and 
rod system (EPSSWC) 
(Figure 1). 
 
 

RESULTS: APSWC using unicortical and bicortical screws provided comparable 
stabilization in all loading modes as compared to posterior fixation EPSSWC, Figure 2. 
Stabilization was signficant in all cases compared to intact. Statistically, there was no 
significant difference in motion between unicortical and bicortical screws in lateral 
fixation. (cont’d) 
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DISCUSSION: The biomechanical stability provided by the lateral lumbar interbody 
fusion with a four screws lateral plating system might be adequate for arthrodesis 
and should be further clinically investigated as an alternative to supplemental pedicle 
screw fixation while attaining the benefits of same incision approach with shorter OR 
time and faster recovery.  
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GP58. THE BIOMECHANICAL INFLUENCE OF THE FACET JOINT ORIENTATION AND 
THE FACET TROPISM ON THE CORRESPONDING DISC IN THE LUMBAR SPINE  
Kim, Ho-Joong1; Heoung-Jae, Chun2; Jin-Oh, Park3; Hak-Sun, Kim3; Joon-Hee, Park4; 
Seong-Hwan, Moon3; Kyoung-Tak, Kang5; Ju-Woong, Jang5 
1Yonse Sarang Hospital, Seoul, Republic of Korea; 2Yonsei University, Department of 
Mechanical Engineering, Seoul, Republic of Korea; 3Yonsei University Medical College, 
Seoul, Republic of Korea; 4Kangdong Sacred Heart Hospital, Hallym University, Seoul, 
Republic of Korea; 5The Institute of Biomater & Medical Eng, Korea Bone Bank, Seoul, 
Republic of Korea 

 

INTRODUCTION: Even though there have been many clinical studies regarding the 
facet orientation/facet tropism and disc degeneration, no biomechanical study has 
been reported about this aspect. Therefore, the purpose of this study was to 
investigate the association between the facet orientation/facet tropism and the 
corresponding/adjacent disc pressure, using the finite element (FE) model. 
 
METHODS: Four validated lumbar FE models (L2-5) were simulated, in which each 
model had a different facet joint angle at L2/3 segment such as 50°, 55°, 60°, and 
tropism (50°/60°), based on the data of L2/3 facet angle from previous study. Under 
flexion, extension moment, and anterior shear force, the intradiscal pressure and 
range of motion at all segments were analyzed, and compared among four models. 
 
RESULTS: Under flexion moment, there was no difference in the intradiscal pressure 
at all levels among 50°, 55° and 60° models. Only tropism model yielded the 10% 
increase of intradiscal stress at L2/3 level, compared with other models. Under 
extension moment, most sagittally oriented, 60° model led to 2.0%, 1.7%, and 7.4% 
increase of intradiscal pressure at L2/3, L3/4, and L4/5, compared with the 50° 
model, and the tropism model have 5.7%, 1.7%, and 10.4% increase of intradiscal 
pressure at the L2/3, L3/4, and L4/5, respectively, compared with the 50° model. 
Under anterior shear force, the change of intradiscal pressure amounted to 11.1%, 
22.2%, 27.7% increase at L2/3 segment in the 55°, 60°, and tropism model, 
respectively, compared with 50° model. The change of range of motion had similar 
trends to the change of intradiscal pressure. 
 
DISCUSSION: Facet tropism leads to an increase of corresponding disc pressure, while 
facet sagittal angle have a little effect on the increase of corresponding disc pressure 
under pure moments. However, both sagittally oriented facet and tropism can make 
corresponding disc be vulnerable to anterior shear force.  
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GP59.  VERTEBROPLASTY REDUCES GRADUAL ‘CREEP’ DEFORMITY OF FRACTURED 
VERTEBRAE  
Luo, Jin1; Annesley-Williams, Deborah2; Adams, Michael3; Dolan, Patricia3 
1Roehampton University, Department of Life Sciences, London, UK; 2Queen's Medical 
Centre, Department of Neuroradiology, Nottingham, UK; 3University of Bristol, Centre 
for Comparative and Clinical Anatomy, Bristol, UK

 

 INTRODUCTION: Vertebral osteoporotic fracture increases both elastic and time-
dependent (‘creep’) deformations of the fractured vertebral body during subsequent 
loading. The accelerated rate of creep deformation is especially marked in central and 
anterior regions of the vertebral body, and may contribute to the development of 
kyphotic deformity in life. We hypothesise that vertebroplasty can reduce these 
gradual creep deformations of damaged vertebrae.  
 
METHODS: Fourteen pairs of spine specimens, each comprising three vertebrae and 
the intervening soft tissue, were obtained from cadavers aged 67-92 yr. Specimens 
were loaded in increased compression until one of the vertebral bodies was 
damaged. Damaged vertebrae were then augmented: one of each pair underwent 
vertebroplasty with polymethylmethacrylate cement, the other with a resin (Cortoss). 
A 1kN compressive force was applied for 1 hr before fracture, after fracture, and after 
vertebroplasty, while creep deformation was measured in anterior, middle and 
posterior regions of each vertebral body, using a MacReflex optical tracking system.  
 
RESULTS: Cement type had little influence on creep deformation, so data from all 28 
specimens were pooled. After fracture, creep in the anterior vertebral body increased 
from 4,513 (STD 4766) to 54,107 (STD 54,845) microstrains (P<0.001), and creep in 
the central vertebral body increased from 885 (STD 5,169) to 34,378 (STD 40,762) 
microstrain (P<0.001). (10,000 microstrains = 1% deformation.) Following 
vertebroplasty, creep deformations were reduced by 61% (P=0.002) and 66% 
(P=0.006) in anterior and central regions respectively.  
 
DISCUSSION: Creep deformations of the anterior and central regions of damaged 
vertebral bodies were substantially reduced by vertebroplasty. In life, vertebroplasty 
could help to slow or prevent the gradual development of kyphotic deformity 
following vertebral osteoporotic fracture, as well as increase vertebral stiffness and 
strength.  
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GP60. AN INJECTABLE NUCLEUS PULPOSUS IMPLANT TO RESTORE SPINAL RANGE 
OF MOTION IN COMPRESSION  
Malhotra, Neil1; Han, Woojin2; Beckstein, Jesse2; Cloyd, Jordan2; Chen, Weiliem3; 
Elliott, Dawn2 
1University of Pennsylvania, Neurosurgery, Philadelphia, US; 2University of 
Pennsylvania, Orthopaedic Surgery, Philadelphia, US; 3State University of New York, 
Biomedical Engineering, Stony Brook, US 

 

INTRODUCTION: Surgical treatment for lumbar degenerative disc disease includes 
discectomy, decompression, and spinal fusion. One potential treatment as an adjunct 
or alternative to surgery for includes the percutaneous delivery of agents to support 
nucleus pulposus (NP) functional mechanics. In this study, the effect of a recently 
developed injectable NP implant on disc mechanics was investigated.  
 
METHODS: In vitro mechanical testing on mature ovine discs was performed in three 
stages: intact, discectomy, and after treatment via NP implant or sham control 
without implant (n=10/group). At each stage (intact/discectomy/treatment) 
mechanical testing consisted of a cyclic tension-compression to 300 N (1.5X body 
weight). The discectomy removed 35% of NP via standard clinical procedures. The 
implant treatment injected a novel hydrogel consisting of oxidized hyalronic acid and 
gelatin, which we have shown has material properties similar to the native NP. The 
sham control had all same procedures without material implantation. Range of 
motion (ROM), compressive stiffness, and tensile stiffness were evaluated. In 
addition, tested discs were cut axially for structural observations. (cont’d) 
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RESULTS: Hydrogel implantation reduced ROM 17% (p < 0.05) and returned ROM of 
the treatment group to normal levels (pre-discectomy 0.71mm, post-implantation 
0.72mm). The discs randomized to the sham control group had a 36.7% increase in 
ROM between intact and final mechanical analysis (p < 0.05). The compressive and 
tensile stiffness with repeated testing after discectomy, for both implant and sham 
control groups, remained unchanged from the initial loading after discectomy as the 
AF was not repaired. Gross morphology images confirmed no ejection of NP implant 
upon injection and testing.  
 
DISCUSSION: An injectable implant that mimics non-degenerate NP has the potential 
to return disc axial range of motion (ROM) to normal.  
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GP61. RELEVANCE OF DISC TISSUE COMPOSITION, MORPHOLOGY AND ANNULAR 
LESIONS WITH RESPECT TO LUMBAR DISC DEGENERATION  
Natarajan, Raghu; An, Howard; Andersson, Gunnar 
Rush University Medical Center, Chicago, IL, US 

 

INTRODUCTION: Degeneration of lumbar discs is related to progressive changes in 
disc morphology such as disc height and annular volume, changes in disc tissue 
composition such as water content, porosity and drained modulus and finally 
increased annular lesions. The current study is related to the effect of such 
progressive changes on disc biomechanics.  
 
METHODS: A poroelastic non-linear finite element model of L4-5 that includes 
biological parameters was used in the current study. Models of healthy, mildly 
degenerated and moderately degenerated lumbar discs with and without annular 
tears were developed and validated with in-vitro results. Biomechanical responses of 
these models were analyzed for a moment load of 6.6 Nm in all the three principal 
directions.  
 
RESULTS: Presence of tears in healthy, mild and moderately degenerated discs 
produced less than 5% increase in motions in all loading modes. As disc degeneration 
progressed the principal motions increased with mild degeneration (85% in 
flexion/extension;105% in torsion and 75% in lateral bending) and further 
progression of disc degeneration decreased the motions (55% in 
flexion/extension;50% in torsion and 30% in lateral bending). The principal motions in 
a moderately degenerated disc were still higher than those in a healthy disc. As the 
disc degenerated, maximum pressure in the nucleus increased from 0.2 MPa to 0.5 
MPa, maximum shear stress in the annulus increased from 0.2 MPa to 0.7 MPa and 
maximum principal stress in the endplate increased from 3 MPa to 5 MPa.  
 
DISCUSSION: The results show that change in motion due to degeneration is mainly 
due to tissue composition and morphology. Mildly degenerated disc showed an 
increase in motion which may cause spinal instability. Stresses in all components of 
the degenerated discs were greater than those in a healthy disc indicating higher 
possibilities of further failure in the disc components.  
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GP62. A NEW METHOD FOR FACET FUSION PROVIDES SIMILAR STABILITY TO THE 
TREATMENT WITH AN INTERNAL FIXATOR  
Wilke, Hans-Joachim1; Midderhoff, Stefan1; Graf, Nicolas1; Berlemann, Ulrich2 
1University of Ulm, Institute of Orthopaedic Research and Biomechanics, Ulm, 
Germany; 2Spine Center, Thun, Switzerland 

 

INTRODUCTION: To improve bony fusion with cages, additional stabilization is 
recommended. For a minimal invasive approach a new biodegradable facet fusion 
implant has been developed that can be inserted directly into the facet joint space 
and then melted and anchored in this position using an ultrasonic welding process 
(BoneWelding® technology). The implant inhibits segmental movement directly at the 
joint and should make an additional internal fixator dispensable. The aim of this in 
vitro study was to determine the biomechanical behavior of the new method during 
flexibility testing in comparison to posterior fixation. 
 
METHODS: A biodegradable polymer (PLDAL 70/30) is inserted percutaneously into 
the facet joint space. The material melts at the contact area between bone and 
implant using ultrasonic energy and yields into the trabecular structures of the facet 
joints. The new method by SpineWelding AG (Schlieren, CH) was compared to an 
internal fixator using three L2-3 and three L4-5 segments (median: 75 years). After 
implanting an anterior cage (Syncage, Synthes CH) the segments were additionally 
stabilized with an internal fixator (CD Horizon® Legacy, Medtronic), which was later 
replaced by the new facet fusion implant. Flexibility of both methods was measured 
in all three motion planes at ±7.5 Nm in a spine tester. 
 
RESULTS: Both, the fixator and the new facet fusion showed a significant reduction of 
the range of motion (median ROM after facet fusion: 23% flexion/extension, 25% 
lateral bending, 60% axial rotation). The differences between fixator and facet fusion, 
however, were not significant. 
 
DISCUSSION: BoneWelding® technology provides an interesting alternative for 
minimal invasive stabilization of spinal motion segments and seems to achieve similar 
primary stability compared to an internal fixator. Exemplary histological 
investigations showed that the melted polymer anchored into the trabecular 
structures of the bone and achieve a bonding of the facet joints.  
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GP63. THE ROLE OF THE INTER- / SUPRASPINOUS LIGAMENT COMPLEX IN STAND 
ALONE INTERSPINOUS PROCESS DEVICES. A BIOMECHANICAL AND ANATOMICAL 
STUDY  
Sobottke, Rolf1; Kaulhausen, Thomas1; Eysel, Peer1; Knifka, Jutta2; Notermans, Hans2; 
Koebke, Juergen2 
1University of Cologne, Orthopaedic and Trauma Surgery, Cologne, Germany; 
2University of Cologne, Center Anatomy, Institute II for Anatomy, Cologne, Germany

 

INTRODUCTION: To examine the destruction and changes to the interspinous and 
supraspinous ligament complex after interspinous process device (IPD) implantation.  
 
METHODS: Biomechanical and anatomic assessments were performed on fresh 
human cadavers. The biomechanical examination assayed the force necessary to 
disrupt the interspinous-supraspinous ligament complex without and after 
implantation of an IPD. For the anatomic examination, the lumbar spine was 
plastinated. Serial 4mm thick sections were cut in sagittal and horizontal planes. The 
macro anatomical positioning of the implants was then analysed.  
 
RESULTS: Biomechanical: The average age of the cadavers was 80.6±10.2 years. The 
minimum average disrupting forces measured 313.74±113.44 N without and 
239.47±63.64 N after IPD implantation, a significant (p<0.018) decrease of an average 
23.7%. Anatomical: After posterolateral percutaneous IPD implantation, the posterior 
third of the interspinous ligament, the supraspinous ligament, the thoracolumbar 
fascia and paraspinous muscles bordering the inter-/supraspinous ligament complex 
remained undamaged.  
 
DISCUSSION: The spinous ligament complex has an important stabilising function, 
supported extensively by the trunk and back musculature. Thus, the interaction 
between spinous ligaments and musculature, occurring through intricate collagenous 
cross-linking and neurogenic innervation that has not yet been completely clarified, 
should be kept as intact as possible. The implantation of an interspinous “stand 
alone” spacer significantly minimises the force necessary to disrupt the ISL/SSL 
complex. Because the dorsal portion of the ISL and the entire SSL are preserved, on 
average 23.7% less force is necessary to sever the ISL/SSL complex. After 
posterolateral percutaneous implantation, the thoracolumbar fascia and associated 
musculature, which act in synergy with the ISL/SSL complex to stabilise the vertebral 
column, remain intact.  
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GP64. SUBSIDENCE EVALUATION OF 4-WEB, A NOVEL CROSS STRUT BASED, 
INTERBODY CAGE DESIGN  
Kiapour, Ali1; Goel, Vijay1; Ferrara, Lisa2; Jessee, Hunt3 
1The University of Toledo, Departments of Bioengineering and Orthopaedic Surgery, 
Toledo, US; 2Orthokinetics Technologies, Southport, US; 34-Web Spine Inc, Plano, US

 

 INTRODUCTION: Interbody fusion cages are designed to restore the biomechanical 
integrity of the spinal column and provide anterior column support for better load 
sharing at the interface of bone-implant. A novel interbody cage with a,web and truss 
based structure has been compared to other conventional cage designs. A finite 
element analysis was done to evaluate the effect of implant size and geometrical 
features on subsidence (bone settlement) for the 4-WEB Spine Interbody Fusion 
Cage.  
 
METHODS: The study was designed to simulate the cadaveric experiment of 
Kanayama et al. Aocordingly, the FE model of 4-WEB structure was developed in 
different sizes and geometries (different strut thickness and footprint size) and each 
implant was sandwiched between the two bone blocks as per Kanayama et al. The 
load-displacement behavior and stresses in Compression (500N), Flexion (5Nm), Left 
Bending (3Nm) and Left Rotation (50N+3Nm) were computed. The data was 
compared to two titanium (BAK and TITAN) and one PEEK interbody cages, which 
were also simulated in the FE models.  
 
RESULTS: The predicted intra-cage pressure of the BAK cage was within one SD of the 
in vitro data. The maximum pressure on the bone graft was 123.5, 304.5, 58.6 and 
145.8 KPa in the WEB cage with smaller foot print (comparable to other cages) 
compared to 113.7, 144.1, 64.1 and 121 KPa in PEEK , 146.4, 132.6, 57.5 and 160 KPa 
in TITAN and 30.7, 82.7, 17.7 and 36 KPa in the BAK device. The 4-WEB implanted 
segment had also lesser peak stress at the interface with bony endplates.  
 
DISCUSSION: The more uniform stress distribution at bone-implant interface of 4-
WEB cage, compared to the other designs, is a good predictor of lesser failure risk at 
the bone-implant interface. The higher stresses in bone graft inside the WEB cage is 
also representative of proper load sharing on the graft which helps the fusion over 
the time.  
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GP65. THE EFFECT OF APPLIED SPINAL MANIPULATION FORCE VECTOR ON 
RESULTANT VERTEBRAL ACCELERATIONS: AN IN VIVO ANIMAL MODEL  
Colloca, Christopher1; Kosmopoulos, Victor2; Gunzburg, Robert3; Moore, Robert4 
1Arizona State University, Department of Kinesiology, Chandler, Arizona, US; 
2University of North Texas Health Science Center, 2Bone and Joint Research Center, 
Department of Orthopaedic Surgery, Fort Worth, TX, US; 3Eeuwfeestkliniek Hospital, 
Department of Orthopaedic Surgery, Antwerp, Belgium; 4The Adelaide Centre for 
Spinal Research, Institute of Medical and Veterinary Science, Adelaide, Australia 

 

INTRODUCTION: The purpose of the current study was to determine the effect of 
varying spinal manipulative therapy (SMT) vector on vertebral accelerations in an in 
vivo ovine model.  
 
METHODS: Twelve healthy, young Merino sheep (mean 24 kg, s.d. 3 kg) were 
examined. Ten-g piezoelectric, tri-axial accelerometers were attached to intraosseous 
pins rigidly fixed to the L2 and L4 spinous processes under fluoroscopic guidance 
following general anesthesia. SMT was applied to the L3 spinous process using a 
hand-held Impulse Adjusting Instrument. In each of three trials, thirteen SMTs (~200 
N peak force) were randomly applied over 2.5 seconds (~6 Hz) at input force vectors 
of 90 degrees (z-axis), 60 degrees (cephalad), and 120 degrees (caudal). During the 
SMTs, vertebral accelerations at L2 and L4 were recorded at a sampling frequency of 
5000 Hz using a 16-bit data acquisition system. Peak-peak acceleration responses at 
L2, L4, and L2-L4 were computed for each trial. A one-way ANOVA compared the 
mean acceleration responses between the three applied force vectors.  
 
RESULTS: A significant increase in mean L2, L4, and L2-L4 vertebral accelerations 
were observed for all SMTs directed caudal (p<.01). For SMTs directed cephalad, 
mean L2 vertebral accelerations were significantly greater than L4 vertebral 
accelerations (p<.01), and conversely, for caudal thrusts L4 vertebral accelerations 
were significantly greater than accelerations observed at L2 (p<.01). SMTs applied 
perpendicularly to the spine caused larger vertebral accelerations at L2 compared to 
SMTs directed cephalad, however L4 accelerations were significantly greater for 
cephalad SMTs compared to those delivered at 90 degrees (p<.01).  
 
DISCUSSION: The vector that SMT is delivered has a significant effect upon vertebral 
accelerations. Enhancing vertebral motions by modulating applied vector is an 
important biomechanical consideration for clinicians whom are attempting to 
improve inter-segmental mobility during SMT.  
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GP66. EFFECT OF THREAD PITCH ON PULL-OUT STRENGTH OF LATERAL MASS 
SCREWS  
McLain, Robert; St Clair, Selvon; Inceoglu, Serkan; Montgomery, William 
Cleveland Clinic, Center for Spine Health, Cleveland, US 

 

INTRODUCTION: Lateral mass screw fixation is used in numerous pathologic 
conditions of the cervical spine. We tested the hypothesis that differences in thread 
pitch would affect fixation strength of lateral mass screws placed using bicortical 
fixation. Specifically we hypothesized that the failure characteristics of fine-threaded 
screws (smaller pitch, reduced thread area) would be reduced compared to a 
cancellous threaded screw (larger pitch, increased thread area).  
 
METHODS: Two screw designs were compared. The fine thread screw (FTS) (Oasys 
(Stryker)) and the cancellous thread screw (CTS) (Axon (Synthes)) were each designed 
for lateral mass fixation. The FTS has a thread pitch of 1.1 mm, while the CTS has a 
pitch of 1.75 mm. Five fresh human cervical spines were used. The subaxial cervical 
levels C3, C4, C5, and C6 were instrumented bilaterally using standard technique with 
one each of the screws (FTS or CTS). Each screw was subjected to axial pull-out 
testing at a rate of 1 mm/min. Load-displacement, peak load to failure, and stiffness 
were recorded/calculated and analyzed (p>0.05).  
 
RESULTS: Forty lateral mass screw placements were tested (20 FTS and 20 CTS). The 
FTS screws and the CTS screws demonstrated comparable peak loads at pullout 
(mean: 663N vs. 634N, respectively). Similarly the FTS screws and the CTS screws had 
comparable pullout stiffness (1563N/mm vs. 1268N/mm, respectively). The 
difference between the screws in pullout stiffness and peak loads was not significant. 
No association was found between peak load and either cervical level or side of 
placement.  
 
DISCUSSION: The difference in thread pitch typical of fine-thread cortical bone 
screws and coarse-thread cancellous screws did not affect the pull out strength and 
failure characteristics of lateral mass fixation when bicortical fixation technique was 
employed. Placement technique and patient characteristics are probably more 
influential when it comes to ultimate fixation strength.  
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GP67. MULTICENTER MINIMALLY INVASIVE AXIALIF L5-S1 INTERBODY FUSION FOR 
ANTERIOR COLUMN SUPPORT AT THE END OF A LONG SEGMENT CONSTRUCT: 
FEASIBILITY, SAFETY, COMPLICATIONS, EARLY AND LATE 3 YEAR OUTCOMES  
Anand, Neel1; Kahwaty, Sheila1; Daroudi, Shideh1; Baron, Eli1; Boachie-Adjei, 
Ohenaba2 
1Cedars Sinai Medical Center, Spine Center, Los Angeles, US; 2Hospital for Special 
Surgery, Scoliosis Service, New York, US 

 

INTRODUCTION: Anterior column support at L5-S1 to lower the pseudarthrosis rate 
in long segment fusions has traditionally been performed through open ALIF, TLIF or 
PLIF  
 
METHODS: We report on 97 consecutive patients post AxiaLIF L5-S1 fusion at the end 
of a long segment construct performed over the last 4 years at 2 major spine centers. 
21 had 2-level AxiaLIF at L5-S1 and L4-5. All had 3 or more levels fused above the 
AxiaLIF level. 63 had fusions extending above the TL junction with 20 of these 
patients fused into the proximal thoracic spine. Fusion was augmented with local 
bone, RhBMP2 (Infuse) and DBM. VAS, TIS, SF-36, ODI and X-rays were recorded.  
 
RESULTS: Mean follow up was 24 months (range:1 to 44). 71 pts have > 1 year FU 
with 37 > 2 years and 21 > 3 years FU. Mean patient age was 62 (range:22 to 81). 
Preop diagnoses included scoliosis (68 pts) and multilevel degenerative disc disease 
(29 pts). Clinical and Functional outcomes are charted below. At 1 yr solid fusion, was 
noted in 67/71 pts, with CT confirmation in 56. There were no intraoperative 
complications. Only 14 pts had iliac bolt fixation. One Iliac bolt was revised due to a 
broken screw. There have been no bowel injuries, sacral fractures or pedicle screw 
failures. There were two pseudarthroses at L5-S1. There was one late infection with 
non-union and one other had sacral pedicle screw loosening. There were 4 pts with 
superficial wound dehiscence. One patient had a malpositioned AxiaLIF screw causing 
radiculopathy. (cont’d) 
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DISCUSSION: AxialLIF may be a viable alternative for providing anterior column 
support for long segment fusions to the sacrum. Majority were not instrumented to 
the ilium and have shown solid fusion with maintenance of correction up to three 
years. The absence of distal implant failure may attest to the biomechanical strength 
of the L5-S1 construct. More importantly the clinical outcomes suggest that with the 
AxiaLIF bolt, iliac screw fixation may not be necessary in long constructs. 
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GP68. ASYMMETRIC DEGENERATION OF MULTIFUDUS AND LONGISSIMUS MUSCLES 
IN THE PATIENT WITH DEGENERATIVE LUMBAR SCOLIOSIS  
Suzuki, Akinobu1; Shafaq, Najibullah2; Matsumura, Akira3; Terai, Hidetomi2; Toyoda, 
Hiromitsu2; Yasuda, Hiroyuki2; Nakamura, Hiroaki2 
1Osaka City University Graduate School of Medicine, Department of Orthopaedic 
Surgery, Osaka, Japan; 2Osaka City University Graduate School of Medicine, 
Orthopaedic Surgery, Osaka, Japan; 3Osaka City Jyuso Hospital, Orthopaedic Surgery, 
Osaka, Japan

 

 INTRODUCTION: Degenerative lumbar scoliosis (DLS) is a three-dimensional 
deformity including asymmetric collapse and lateral rotator olisthesis, and caused the 
radiculopathy and low back pain due to spinal stenosis. Asymmetric degeneration of 
intervertebral disc, the facet joints and vertebral body wedging are thought to be the 
factor, however, the role of the paravertebral muscles (PVM) in the pathogenesis 
remains unclear. The purpose of this study was to investigate the muscle 
degeneration in patients with DLS and lumbar canal stenosis (LCS) without scoliosis, 
and to find out features of muscle degeneration in DLS.  
 
METHODS: Fifty-seven patients with DLS (DLS group) and 50 age and sex matched 
patients with LCS without scoliosis (LCS group) were retrospectively reviewed. Cross 
sectional area (CSA) of bilateral multifidus and longissimus muscles at each level was 
measured on the axial view of a magnetic resonance image by using computer 
software. The percentage of fat infiltrated area (%FIA) was measured using threshold 
technique. Muscle biopsy and histological evaluation were also performed in some 
patients.  
 
RESULTS: In DLS group, the CSA of multifidus muscle was significantly smaller and 
%FIA of both muscles were significantly higher in concave side than in convex side. 
Histological evaluation showed reduction of the muscle fibers size and the number of 
nuclei in concave side. In LCS group, there was no significant difference in total CSA or 
%FIA area between left side and right side. However, in the patients with unilateral 
radiculopathy of LCS group, CSA of multifidus muscle was significantly smaller and 
%FIA of both muscles were significantly higher in the symptomatic side especially at 
one level below.  
 
DISCUSSION: MR Image analysis of the paravertebral muscles in patients with DLS 
showed that muscle degeneration was more often seen in the concave side. 
Radiculopathy and weak lever-arm may cause degeneration of paravertebral muscles.  
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GP69. HISTOMORPHOMETRIC ANALYSIS FOR GROWTH MODULATION IN 
PINEALECTOMIZED CHICKENS  
Aota, Yoichi1; Terayama, Hayato2; Ito, Masahiro2; Kawai, Takuya1; Tanabe, 
Hironobu1; Nakamura, Yushi1; Yamaguchi, Yasuteru1; Nakamura, Naoyuki1; Saito, 
Tomoyuki1 
1Yokohama City University, Orthopaedic Surgery, Yokohama, Japan; 2Tokyo Medical 
School, Anatomy, Tokyo, Japan 

 

INTRODUCTION: In order to know the mechanisms underlying the growth 
modulation in pinealectomy model, we performed bone histomorphometric analysis 
with calcein labeling in T7 vertebral bodies before onset of marked scoliosis.  
 
METHODS: The female broiler chickens were divided randomly into 
nonpinealectomized control group (n=8) and pinealectomy group (n=9). In the 
pinealectomy group, the operation was performed 3 days after hatching using the 
method reported by Machida et al in 1993. All chickens were double labeled with 
calcein at 5 and 7 days and killed 9 days after hatch. Growth modulations were 
measured under a fluorescent microscope in uncalcified mid-sagittal sections of T7 
vertebral bodies.  
 
 RESULTS: Under a fluorescent microscope, the calcein-labeled area in T7 vertebral 
body was signifiantly greater in the pinealectomy group than in the control group 
(3.4% vs. 0.8%, p<0.05). In the calcein-labeled area, chondrocytes remained in 
abnormal primary spongiosa occurring following pinealectomy. Average longitudinal 
growth width (L.G.W.) measured from the thickness of the unstained hypertrophic 
zone at both upper and lower growth plates was significantly reduced in the 
pinealectomy group than in the control group (72 microm/day vs. 106 microm/day, 
p<0.03). Average calcification rate in membranous ossification in ventral and dorsal 
surfaces, calculated as the interlabel width divided by the time (2) were signifiantly 
reduced in the pinealectomy group than in the control group (10 microm/day vs. 37 
microm/day, p<0.0001). Typical histologies of upper and lower T7 endplates are 
shown in figure. (cont’d) 
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DISCUSSION: This study clearly demonstrated that pinealectomy disturbed 
endochondral and membrabous ossification. Remaining chondrocytes in abnormal 
primary spongiosa, which is considered to be mechanically fragile, may had crucial 
role in the pathogenesis of the spinal deformity after pinealectomy.  
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GP70. PROXIMAL JUNCTIONAL FAILURE FOLLOWING SURGICAL TREATMENT OF 
GLOBAL SAGITTAL IMBALANCE: PREDICTIVE ANALYSIS USING A 2D BIOMECHANICAL 
MODEL  
Murray, Heather1; Street, John2; Oxland, Thomas R.3 
1University of British Columbia, Department of Mechanical Engineering, Vancouver, 
Canada; 2University of British Columbia, Combined Neurosurgical and Orthopedic 
Spine, Department of Orthopaedics, Vancouver, Canada; 3University of British 
Columbia, Orthopaedic & Injury Biomechanics Group, Departments of Mechanical 
Engineering and Orthopaedics, Vancouver, Canada 

 

INTRODUCTION: While sagittal realignment using long posterior spinal fixation is the 
treatment of choice for global sagittal imbalance, patients often develop proximal 
junctional kyphosis (PJK) through failure of the uppermost instrumented or adjacent 
vertebra. The effects of surgical and patient variables on PJK have not been studied 
biomechanically.  
 
OBJECTIVES: To develop a 2D equilibrium model of sagittally imbalanced adult spines 
to predict intervertebral loading pre- and post-op and to predict the effect of 
osteotomy location and extensor muscle function on the occurrence of PJK.  
 
METHODS: Vertebral positions from T1 to S1 were digitized from lateral radiographs 
of seven patients with sagittal imbalance. Using static equilibrium, extensor muscle 
and vertebral body loads were calculated for each pre- and post-op spine curvature. 
From pre-op curves, the changes in loading behaviour due to simulated osteotomies 
at L2, L3, or L4, and decreasing levels of extensor muscle function were assessed.  
 
RESULTS: Compared to normal spines,1 those with sagittal imbalance developed pre-
op vertebral compressive loads nearly double in magnitude but with similar loading 
patterns from T1 to S1 (see one patient's data in Fig.). These loads were decreased 
after surgical correction but then increased by up to 20% after the development of 
PJK when compared to pre-op loads. The chosen level of the osteotomy did not have 
a notable effect on predicted loads. Our data suggests that the inherent loss of 
extensor muscle function following surgery results in substantially increased 
compressive loads to the spine. 
 
DISCUSSION: Spines with global sagittal malalignment experience abnormally high 
compressive loads, predisposing them to unanticipated failure. After surgical 
correction to a neutral alignment, compensatory mechanisms to maintain sagittal 
balance through the vertebral column may increase vertebral body loads and lead to 
the development of PJK.  
1Harrison DE et al. ESJ 14: 234-42, 2005. (cont’d) 



GENERAL POSTERS 

 

 

  



GENERAL POSTERS 

 

 
GP71. EFFECT OF DIFFERENT SUPPLEMENTAL SUPPORTS ON S1 PEDICLE SCREW 
LOADS IN LONG FUSION CONSTRUCTS  
Loughran, Galyna1; Wessman, Brad1; Freeman, Andrew2 
1TranS1, Inc., Wilmington, NC, US; 2Excelen, Minneapolis, MN, US 

 

INTRODUCTION: Long posterior fixations have shown significant screw loosening and 
fracture at the lumbosacral junction. S1 screws are often protected from loosening 
with supplemental distal or anterior fixation. The objective of this study was to 
compare the effect of various surgical strategies on L5-S1 ROM and S1 screw bending 
moment utilizing a finite element (FE) model.  
 
METHODS: A validated nonlinear FE model was used to simulate four surgical 
techniques: L2-S1 posterior fixation (pedicle screws); pedicle screws with distal 
fixation; pedicle screws with ALIF at L4-L5 and L5-S1; pedicle screws with AxiaLIF 2L+ 
at L4-S1. The disc space was not distracted and for ALIF the anterior annulus was 
compromised simulating surgical procedures. Strain gages were modeled on four 
orthogonal surfaces of the screw to measure bending moments. An unconstrained 
moment of 7.5Nm without preload was applied in all directions.  
 
RESULTS: Compared to pedicle screws, distal fixation and AxiaLIF 2L+ reduced ROM in 
flexion-extension and torsion by 45-91%, while ALIF decreased ROM by 77% in flexion 
but increased ROM by 97% in extension and 11% in torsion. AxiaLIF 2L+ and distal 
fixation showed a reduction in S1 screw bending moments compared to pedicle 
screws of 93% and 86%, respectively, in flexion/extension; 45% and 31% in torsion. 
ALIF reduced the bending moment by 54% in flexion, increased it by 53% in 
extension, and had no effect in torsion. ROM and the S1 screw bending moments 
were smallest in lateral bending for all constructs.  
 
DISCUSSION: Compared to iliac screws and ALIF, the presacral access of AxiaLIF 
minimizes the surgical exposure, requires less operative time and does not require 
patient repositioning. The results of this FE model indicate that AxiaLIF 2L+ may be 
beneficial as supplementary support in long posterior fixations to protect the S1 
screws due to greater strain reductions versus common surgical techniques.  
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GP73. GLOBAL SPINAL BALANCE AFTER LONG CORRECTIVE FUSION VERSUS SHORT-
SEGMENT FUSION FOR DEGENERATIVE LUMBAR SCOLIOSIS  
Kanayama, Masahiro; Togawa, Daisuke; Tomoyuki, Hashimoto; Shigenobu, Keiichi; 
Oha, Fumihiro; Yamada, Katsuhisa 
Hakodate Central General Hospital, Spine Center, Hakodate, Japan

 

INTRODUCTION: This study aimed to compare clinical and radiographic outcomes 
between long corrective fusion and short-segment fusion for degenerative lumbar 
scoliosis with global spinal imbalance.  
 
METHODS: Of 81 patients with degenerative lumbar scoliosis who underwent 
surgeries, 28 patients (35%) had global spinal imbalance defined by SRS Adult 
Deformity Classification: C7 plumb line (C7PL) >5cm anterior to sacral promontory, or 
>3cm lateral to central sacral vertical line). They were divided into two groups: fusion 
within the main curve (short fusion, n=13) and corrective fusion encompassing the 
main curve (long fusion, n=15). Operation time was 221 minutes in short fusion 
versus 284 minutes in long fusion; estimated blood loss was 533 mL and 737 mL, 
respectively. Follow-up period was 18 months on average. Clinical outcomes and 
radiographic parameters were compared between the two groups.  
 
RESULTS: At the final follow-up, visual analog scales of back pain and leg pain were 
averaged to 44/100 and 40/100 in short fusion, and 30/100 and 25/100 in long 
fusion, respectively. Deterioration of global spinal imbalance (>1cm increase in 
coronal C7PL deviation or >3cm increase in sagittal C7PL deviation) was observed in 9 
patients (69%) in short fusion and 5 patients (33%) in long fusion. In short fusion 
group, residual scoliosis was 8.2 degrees immediately after surgery, and progressed 
to 18.0 degrees at the final follow-up; revision surgery was required in three patients 
(23%) in short fusion due to curve progression. Two patients (13%) in long fusion 
required extension of fusion due to VCF or failure of fixation.  
 
DISCUSSION: In the surgical management of degenerative lumbar scoliosis with 
global spinal imbalance, long corrective fusion had advantages to reduce risks of 
deterioration of global spinal imbalance and residual curve progression. Revision 
surgery was related to curve progression in short-segment fusion, and VCF or failure 
of fixation in long fusion.  
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GP74. SEVERE HIP CONTRACTURE AFFECTS THE CONTRALATERAL SIDE SCOLIOSIS IN 
LUMBAR SPINE  
Okuda, Tetsuhito; Kawahara, Norio; Fujita, Takuya; Kaneuji, Ayumi; Hatano, Eiju; 
Ichiseki, Toru; Yasuda, Yoshihito; Fukui, Kiyokazu; Matsumoto, Tadami 
Kanazawa Medical University, Department of Orthopaedic Surgery, Kahoku, Japan

 

INTRODUCTION: Degenerative lumbar scoliosis (DLS) are sometimes diagnosed in 
patients with hip osteoarthritis (hip OA). In this study, we determined associated 
factors for DLS in patients with hip OA.  
 
METHODS: The subjects were 213 patients with both DLS and hip OA (192 females, 
21 males), who underwent surgery at our department during April 2000 and May 
2009 ( total 1101 cases). The frontal roentgenogram of the lumbar spine in the supine 
position to exclude non-structural scoliosis was assessed for DLS. We investigated the 
direction of scoliosis, Cobb angle, ROM of hip joint and lower leg discrepancy (LLD).  
 
RESULTS: We divided the 213 patients into two groups; 85 bilateral and 128 
unilateral cases. In bil cases, there were 62 cases that had different stages between 
bil hips. In these, 30 cases had contralateral and 32 cases had ipsilateral side scoliosis 
of severe hip OA. The mean Cobb angle was 19.5°and 14.0°, the mean discrepancy of 
bil flexion/extension ROM was 25.2°and 17.8°(P<0.01), the mean discrepancy of bil 
rotation ROM was 12.5°and 7.8° (P=0.0116), the mean LLD was 1.0 and 1.1cm 
respectively. In unilateral cases, 42 cases had contralateral and 86 cases had 
ipsilateral side scoliosis of hip OA side. The mean Cobb angle was 11.0°and 11.2°, the 
mean discrepancy of bil flexion/extension ROM was 64.7°and 48.0°(P<0.01), the 
mean discrepancy of bil rotation ROM was 42.5°and 31.0°(P=0.0116), the mean LLD 
was 1.8 and 2.0cm respectively .  
 
DISCUSSION: In the cases with LLD, pelvis incline to the shorter leg side as the 
compensation and DLS have the curve of the same side. But there are cases that have 
the opposite side scoliosis. These results showed that severe hip contracture affects 
the contralateral side scoliosis in lumbar spine.  
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GP75. ROLE OF INTERBODY FUSION IN RATE OF ROD FRACTURES AFTER PEDICLE 
SUBTRACTION OSTEOTOMY  
Sassan, Keshavarzi; Deviren, Vedat; Ames, Christopher 
University of California San Francisco, San Francisco, US 

 

INTRODUCTION: Pedicle subtraction osteotomy (PSO) is being utilized with increasing 
frequency for correction of sagittal balance especially in patients who suffer from a 
flat back deformity secondary to prior surgery with interbody fusion. The goal of this 
report is to comment on the influence of interbody fusion on the rate of rod fracture 
after a PSO.  
 
METHODS: A review of 40 patients who underwent pedicle subtraction osteotomy 
between 2006 and 2010 at our institution was conducted.  
 
RESULTS: 16 patients had no prior interbody fusion and 24 had a prior interbody 
fusion: 18 below, 3 above and 3 both above and below the level the PSO. A total of 9 
patients suffered rod fractures with the most significant difference in fracture rate 
between the group who never had interbody fusion (6 patients with no rod fractures) 
and those with a prior interbody fusion below the level of the PSO without 
subsequent interbody fusion above the level of the PSO (8 patients and 4 had a rod 
fracture). Chi square analyses demonstrated statistical significance to a P-value<0.05. 
Total of 18 patients had prior interbody fusion below the level of the PSO. Of these 10 
patients had subsequent interbody fusion above the level of the PSO at the time of 
the PSO (1 patient had rod a fracture) and 8 never had interbody fusion above the 
PSO (4 patients had rod fractures). A chi square analyses demonstrated a 0.05<P-
VALUE<0.1  
 
DISCUSSION: In our series patients with prior interbody fusion below the PSO had a 
statistically significant higher rate of early fatigue rod fracture. We speculate that 
prior fusion increases the construct stiffness below the PSO placing more stress on 
the rod and the unfused disk above the PSO. In patients who have previously had 
interbody fusion below the level of the PSO, although not statistically significant, our 
data points to interbody fusion above the level of the osteotomy reducing the rate of 
early fatigue rod fractures.  
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GP77. CORRECTION LOSS AFTER POSTERIOR SPINAL SHORTENING FOR KYPHOSIS 
DUE TO OSTEOPOROTIC VERTEBRAL COLLAPSE  
Nakamura, Naoyuki; Aota, Yoichi; Kawai, Takuya; Tanabe, Hironori; Nakamura, 
Yushi; Yamaguchi, Yasuteru; Saito, Tomoyuki 
Yokohama City University, Orthopedic Surgery, Yokohama city, Japan 

 

INTRODUCTION: Severe local kyphosis due to osteoporotic vertebral collapse causes 
delayed myelopathy, and many patients are unable to stand at their first visit. This 
study aimed to investigate correction loss after posterior spinal shortening and 
lumbar sagittal alignment using decubitus radiographs.  
 
METHODS: Ten patients (6 female and 4 male) who underwent posterior spinal  
shortening for kyphosis due to osteoporotic vertebral collapse were included in this 
study. The mean age at surgery was 72.7 years, and the mean follow-up period was 
35.8 months. Seven cases had a fractured Th12 or L1 vertebra. Thoracolumbar 
sagittal alignment was assessed on plain radiographs pre- and post-operatively, and  

 

 

 

at final follow-up. Two angles were measured: one, the local kyphosis angle, the 
angle between the inferior endplate of the vertebra above and the superior endplate 
of the vertebra below the fractured vertebral body (FVB); and the other the caudal 
(cont’d) 
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curve below the FVB (the angle between the superior endplate of the three caudal  
vertebrae and the superior endplate of the vertebra below the FVB). Although all 
cranial curves above the FVB were kyphotic preoperatively, the caudal curves below 
the FBV were lordotic (S curves) in 6 cases, and kyphotic (C curves) in 4 cases.  
 
RESULTS: The mean local kyphosis angles measured pre- and post-operatively, and at 
final follow-up were 15.6, -6.2, and 0.7 degrees, respectively. In S curve patients, the 
local kyphosis angles pre- and post-operatively, and at final follow-up were 17.1, -6.0, 
and -3.3 degrees (correction loss 12%), and in C curve patients 13.2, -6.5, and 6.7 
degrees (correction loss 67%), respectively.  
 
DISCUSSION: Loss of correction with short-segment posterior spinal shortening due 
to osteoporotic vertebral collapse can be predicted from presurgical thoracolumbar 
sagittal alignment. Although good results were achieved with S curve patients, other 
surgical options are necessary for C curve patients.  
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GP78. SPINAL OSTEOTOMIES IN MANAGEMENT OF ADULT SPINAL DEFORMITIES A 
RETROSPECTIVE COMPARATIVE STUDY OF DIFFERENT TYPES OF OSTEOTOMIES AS 
REGARD SURGICAL COMPLICATIONS  
Mossaad, Mohamed; Mohamed, Ahmed 
Zagazig University, Orthoapedic Surgery, Zagazig-Sharkia, Egypt 

 

INTRODUCTION: Osteotomy procedure is an effective tool for the correction of fixed 
sagittal plane deformity. However, there is potentially significant perioperative 
morbidity associated with this technique in adults and was known to have some 
complications including but not limited to increased blood loss and surgical time .  
 
METHODS: Retrospective study with a minimum of 2 years follow-up between 2002 
and 2006. 15 patients were included in the study.9 patients underwent PSO were 
included in the first group, and 6 patients underwent SPO were included in the 
second group.The mean age PSO group was 48 years and 42 in SPO group.Eight of the 
patients had undergone at least one previous spine surgery in the region of the PSO, 
and nine of them had comorbidities that increased their surgical risk. We identified all 
causes of perioperative morbidity. Radiological results including standing long-film of 
the spine were obtained and measurements were made preoperative, postoperative, 
and at most recent follow-up.  
 
RESULTS: The mean follow-up was 28 months. The mean operation time in PSO 
group was 260 min. and 185 min. for SPO group. The mean blood loss in PSO group 
850 mL. and 400 mL. for SPO group. In PSO group, we had 3 patients, 33%, who 
developed spinal infection at the site of surgical osteotomy and 1 patient developed 
temporary weakness of his Right TBA, this completely resolved after 9 months. In the 
SPO group,2 patients had complications, 1 deep infection not resolved with all 
measures and the other died on the second postoperative day.  
 
DISCUSSION: Spinal Osteotomy procedures had a significant risk for infections and 
we found no statistical significance between these two types of osteotomies as 
regards infection, implant failure, blood loss and surgical time. Obese patients and 
bad general conditions as cardiac, hepatitis and diabetic patients had a significant 
increase of risk for major spinal complications.  
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GP79. CLINICAL INCIDENCE OF SACROILIAC JOINT ARTHRITIS AND PAIN AFTER 
SACROILIAC FIXATION FOR SPINAL DEFORMITY  
Sainoh, Takeshi; Ohtori, Seiji; Inoue, Gen; Orita, Sumihisa; Eguchi, Yawara; Ishikawa, 
Tetsuhiro; Miyagi, Masayuki; Arai, Gen; Kamoda, Hiroto; Suzuki, Miyako; Takahashi, 
Kazuhisa  
Chiba University, Orthopaedic Surgery, Graduate School of Medicine, Chiba, Japan 

 

INTRODUCTION: Sacroiliac fixation using iliac screws for highly unstable lumbar spine 
with an improved fusion rate and clinical results have been reported. On the other 
hand, there is a possibility of clinical problems related to iliac fixation, including late 
sacroiliac joint arthritis and pain.  
 
METHODS: Twelve patients were evaluated. Diagnosis was degenerative scoliosis in 5 
patients, failed back syndrome in 4 patients, destructive spondyloarthropathy in 2 
patients, and Charcot spine in 1 patient. All patients underwent posterolateral fusion 
surgery using lumbar, S1 and iliac screws. We evaluated the pain scores, bone union, 
and degeneration of sacroiliac joints by X-ray imaging and computed tomography 
before and 3 years after surgery. For evaluation of low back and buttock pain from 
sacroiliac joints 3 years after surgery, pain relief after lidocaine administration was 
examined.  
 
RESULTS: Pain scores significantly improved after surgery. All patients showed bone 
union at final follow up. Degeneration of sacroiliac joints was not seen in the 12 
patients 3 years after surgery. Patients showed slight low back and buttock pain 3 
years after surgery. However, not all patients showed pain relief from the low back 
and buttock pain after injection of lidocaine into the sacroiliac joint, indicating that 
their pain did not originate from sacroiliac joints.  
Conclusions: Fusion rate and clinical results were excellent, and degeneration and 
pain from sacroiliac joints were not seen within 3 years after surgery. We recommend 
sacroiliac fixation using iliac screws for highly unstable lumbar spine.  
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GP80. CHANGES OF SPINOPELVIC BALANCE FOLLOWING LONG SPINAL FUSION 
WITH AND WITHOUT ILIAC FIXATION FOR DEGENERATIVE LUMBAR SCOLIOSIS  
Ha, Kee-Yong1; Park, Soo-An1; Change, Dong-Gune2 
1The Catholic University of Korea Seoul Saint Mary's Hospital, Spine Center, Seoul, 
Republic of Korea; 2The Catholic University of Korea Seoul Saint Mary's Hospital, 
Seoul, Republic of Korea 

 

INTRODUCTION: The pelvic incidence is the key anatomical factor to regulate sagittal 
spinopelvic balance. The objective of this study was to evaluate changes of 
spinopelvic balance following long spinal fusion with and without iliac fixation for 
degenerative lumbar scoliosis (DLS).  
 
METHODS: Twenty-seven (65.9±7.2 yrs) and thirty-three (68.5±6.9 yrs) patients of 
DLS who underwent long fusion including sacrum with and without iliac fixation were 
retrospectively selected for groups of iliac fixation (ILF) and non-iliac fixation (Non-
ILF), respectively. Whole-spine radiographs were taken at pre-operative and 3, 12 and 
24-month post-operative time-points. Pelvic incidence (PI), sacral slope (SS), pelvic tilt 
(PT), lumbar lordosis (LL), T9 offset (T9O) and thoracic kyphosis (THK) were measured 
on sagittal X-Ray at each time-point. Each dependent variable was compared with 4 
time-points in each group (ILF, Non-ILF).  
 
RESULTS: In the pelvic parameters, the PI of both groups and the SS of ILF 
significantly increased post-operatively and did not change at the later time-points. 
The PT of both groups and the SS of Non-ILF did not change over times. The PI of 
Non-ILF (48.2±7.5°) and ILF (52.5±13°) increased to 50.5±8.8° (P=0.015) and 
55.0±12.4° (P=0.012), respectively. In the spinal parameters, the LL and T9O of both 
groups and the THK of ILF significantly increased post-operatively and did not change 
at the later time-points.  
 
DISCUSSION: Long spinal fusion increased PI with restoring LL and T9O and without 
changing PT in patients with DLS when performing spinal fusion with or without iliac 
fixation. The use of iliac fixation may have better controls of sacral orientation when 
comparing with spinal fusion without iliac fixation. This study suggests that the pelvic 
incidence is not the constant but the variable that is changed by the long spinal 
fusion. The clinical effect on changes in pelvic incidence is not yet known and will 
require further study.  
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GP81. DECANCELLATION OSTEOTOMY FOR FIXED SAGITTAL DEFORMITY – THE 
INCIDENCE OF ACUTE NEUROLOGICAL COMPLICATIONS & EARLY OUTCOMES  
Lebl, Darren; Chaudhari, Rahul; Kotwal, Suhel; Pumberger, Matthias; Cammisa, Frank; 
Girardi, Federico 
The Hospital for Special Surgery, New York, US 

 

INTRODUCTION: Transpedicular decancellation osteotomy provides correction for 
fixed sagittal plane deformity. There is a paucity of literature regarding the acute 
neurological complications and early outcomes related to these complex procedures.  
 
METHODS: A retrospective review of patients with kyphotic deformity and associated 
sagittal imbalance from a single surgeon. Inclusion criteria were patients undergoing 
corrective decancellation osteotomy with segmental spinal instrumentation. Medical 
records, clinic notes, and radiographs pre- and post-operatively were reviewed.  
 
RESULTS: A consecutive series of 30 patients (F: 16, M: 14) at a mean age of 64.3 ± 
2.7 years was identified and followed for a mean of 27.1 ± 3.5 months. 29 out of 30 
patients (97%) had previous spinal surgery, and the remaining 1 patient had a 
kyphotic deformity related to TB. The operative level was L1 (n=2), L2 (n=5), L3 
(n=16), L4 (n=1), and multiple spinal segments at the T-L junction (n=3). Supplemental 
interbody fusion was performed by anterior or transpoas approach in 57% (n=17). 
The mean sagittal vertical axis was 15.4cm preoperatively, 5.3cm postoperatively, 
and 6.1cm at most recent follow-up. All patients were neurologically at baseline 
immediately postoperatively. 1 patient (3%) had a delayed lower extremity 
neurological deficit after mobilizing in the postoperative period without hardware 
complication. Nonunion was seen at most recent follow-up in 10% (n=3), proximal 
breakdown in 17% (n=5), and failure of fixation in 17% (n=5).  
 
DISCUSSION: Decancellation osteotomy for the treatment of fixed sagittal deformity 
is a relatively safe yet complex revision spine procedure. Acute neurological sequelae 
remain a risk of these complex procedures in patients with kyphotic deformities. The 
relatively high complication rate requires careful patient selection and informed 
decision making prior to undertaking major corrective spinal surgery.  
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GP82. THE PREVALENCE OF DIFFUSE IDIOPATHIC SKELETAL HYPEROSTOSIS (DISH) IN 
THE PATIENTS WITH SPINAL DISORDERS  
Toyoda, Hiromitsu; Terai, Hidetomi; Yamada, Kentaro; Suzuki, Akinobu; Dozono, Sho; 
Matsumoto, Tomiya; Yasuda, Hiroyuki; Takahashi, Shinji; Tsukiyama, Kuniaki; 
Nakamura, Hiroaki 
Osaka City University Graduate School of Medicine, Department of Orthopaedic 
Surgery, Osaka, Japan 

 

INTRODUCTION: The purpose of this study is to evaluate the prevalence of DISH in 
the patients with spinal disorders determined by roentgen images of the whole spine  
 
METHODS: 345 patients who underwent surgical procedure in our hospital were 
recruited consecutively (March 2008 - December 2009). Standing roentgen images of 
the whole spine were routinely performed. Patients with age below 18 years, 
congenital spinal disease, metastatic spinal tumor and inflamed spinal disease were 
excluded. 281 patients were accessed for eligibility. Assessment for the presence of 
DISH was using modified Resnick's criteria. In this study we investigated the 
prevalence, location, and the numbers of spinal DISH. The association between DISH 
and the patients' demographic dates was also investigated.  
 
RESULTS: DISH was present in 25.6% (72/281). The average numbers of bridged 
vertebral bodies were 8.5. More than 80% of DISH was located from T7 to T11 and 
more than 95% of DISH was located at the level of T9/10. The prevalence of DISH for 
the 41-49, 50-59, 60-69, 70-79, and the over 80 year age group were 8.3% (2/24), 
9.8% (5/51) , 16% (12/75), 49.5% (48/97), 33.3% (4/12) respectively. The prevalence 
of DISH increased with age. The patients with DISH were significantly older (71.1 vs 
60.9, p < 0.05) and men were more likely to have DISH than women (p < 0.05). Body 
weight and BMI is significantly higher in the patients with DISH compared to the 
patients without DISH (p < 0.05). The incidence of hyper tension was significantly 
higher in the patients with DISH than the patient without DISH (p < 0.05), but the 
incidence of diabetes mellitus was not significantly higher.  
 
CONCLUSION: In the patients with DISH, spinal DISH was found most frequently in 
the lower level of thoracic spine and its prevalence was increases with age.  
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GP83. A NOVEL PORTABLE NAVIGATION SYSTEM FOR THE PLACEMENT OF PEDICLE 
SCREWS IN SCOLIOSIS SURGERY  
Shirado, Osamu1; Imada, Mitsuhiro2; Kitahara, Ko3; Iwabuchi, Masumi1; Shida, 
Tsutomu1 
1Aizu Medical Centre at Fukushima Medical University, Orthopaedic Surgery, Aizu-
wakamatsu, Japan; 2Imada Co. Ltd., Okazaki, Japan; 3Showa Ika Co. Ltd., Tokyo, Japan

 

INTRODUCTION: Transpedicular screw fixation has achieved significant popularity for 
scoliosis surgery. The main current existing techniques for accurate placement of 
pedicle screws are freehand, fluoroscopy, and surgical navigation system. However, 
those have advantages and limitations. Some are operator dependent, others are 
expensive and too bulky to be fitted in the surgical theatre. The purpose of the 
current study was to develop a new portable navigation system for scoliosis surgery 
using pedicle screws, and to evaluate its availability. 
 
METHODS: Mechanical property of cortical and cancellous bone is much different. 
The new system, consisted of probe and recorder, utilizes the mechanical difference 
to detect the breach of the cortex by pedicle screw. The probe included load cell, 
which measured the load when it was tapped into the pedicle. The absolute value 
and change of the load were simultaneously recorded and observed. Misplacement 
of the pedicle screw should be evaluated measuring the change of the load and curve 
pattern. Load range of this system was 200 N with measurement accuracy of + 1% 
F.S. + 1 digit. The minimum resolution was 0.1 N. A cadaveric spine (75y.o. male, 
height 1.65m) was utilized for this study. Load-displacement curve was recorded in 
the following three conditions: proper placement, medial and lateral breach of the 
pedicle walls. 
 
RESULTS: Load-displacement curve was smooth when there was no breach at any 
sites of the pedicle. The load was between 20 and 80 N, depending upon the level of 
the pedicle. On the contrast, large change was observed when there was medial and 
lateral breach of the pedicle. No any predictive curve patterns were observed when 
the pedicle was breached. 
 
DISCUSSION: The new portable navigation system proved to be beneficial as an 
effective system for the placement of pedicle screw. However, further improvement 
was mandatory for clinical use, especially for the predictive value.  
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GP84. COMPARISON BETWEEN ANTERIOR INTERBODY FUSION(ALIF) AND 
POSTEROLATERAL FUSION(PLF) IN A PUNCTURED DISC MODEL IN RATS  
Kamoda, Hiroto; Ohtori, Seiji; Miyagi, Masayuki; Ishikawa, Tetsuhiro; Eguchi, 
Yawarar; Arai, Gen; Suzuki, Miyako; Sakuma, Yoshihiro; Kubota, Gou; Oikawa, 
Yasuhiro; Inoue, Gen; Takahashi, Kazuhisa 
Chiba Univ., Chiba, Japan 

 

INTRODUCTION: Conservative treatments are sufficient for patients with discogenic 
pain; however, fusion surgery is performed to relieve unresolved pain. Of several 
available fusion techniques, the method remains controversial. This study used pain 
assessment to compare ALIF versus PLF in a rat punctured disc model.  
 
METHODS: Forty rats were divided into disc injured (L4/5 discs were injured with a 
26-gauge needle; n=30) and control (n=10) groups. The neurotracer fluoro-gold was 
applied to detect dorsal root ganglion (DRG) neuron disc innervation. One week after 
surgery, disc injured animals were divided into non-fusion, ALIF, and PLF groups 
(n=10, each). Iliac crest bone graft was performed in fusion animals. Four and eight 
weeks after surgery, bone union was verified using micro CT, back pain was analyzed 
using CatWalk analysis (18 parameters), and the proportion of CGRP (pain 
neuropeptide)-immunoreactive, FG-labeled DRG neurons was determined.  
 
RESULTS: Bone union was confirmed at 4 and 8 weenks in both fusion groups, but not 
in non-fusion animals. CatWalk analysis revealed significant change for 3 parameters 
in all disc injured groups compared to controls (p<0.05). However in ALIF animals the 
changes improved over 8 weeks compared to PLF animals (p<0.05). CGRP-
immunoreactive DRG neurons increased in the non-fusion group compared to 
controls (p<0.01); however, these decreased in the fusion groups to control levels at 
8 weeks. No significant difference in number of CGRP-immunoreactive DRG neurons 
between ALIF and PLF animals was observed at 8 weeks (p>0.1).  
 
CONCLUSION: After completion of bone union, punctured disc-related pain 
decreased to control levels in both fusion groups; however, ALIF animals showed 
faster recovery in back pain than PLF animals. These results suggest that PLF is 
effective for pain originated from degenerated discs, but posterior muscle injury may 
also influence postoperative back pain.  
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GP85. NO ACCELERATION OF INTERVERTEBRAL DISC DEGENERATION AFTER 
CLINICAL INJECTION OF BUPIVACAINE  
Ohtori, Seiji1; Inoue, Gen2; Eguchi, Yawara2; Orita, Sumihisa2; Ishikawa, Tetsuhiro2; 
Miyagi, Masayuki2; Arai, Gen2; Kamoda, Hiroto2; Suzuki, Miyako2; Oikawa, Yasuhiro2; 
Sakuma, Yoshihiro2; Kubota, Gou2; Takahashi, Kazuhisa2 
1Chiba University, Department of Orthopaedic Surgery, Chiba, Japan; 2Chiba 
University, Chiba, Japan 

 

INTRODUCTION: Bupivacaine is commonly used for therapy and diagnosis for 
discogenic low back pain. However, several authors have reported toxic effects of 
bupivacaine to disc cells in vitro. We sought to evaluate whether such effects are 
seen clinically.  
 
METHODS: We selected 30 patients with low back pain who showed disc 
degeneration at only one level (L4-5 or L5-S1) on magnetic resonance imaging (MRI) 
(discography group, discoblock group (injection of bupivacaine), and a control group, 
10 patients each). There was no significant difference in disc degeneration based on 
Pfirmann's classification, disc height, range of motion, or translation between flex and 
extension position among the 3 groups. Two groups underwent discography or 
anesthetic discoblock respectively. Three groups were followed up 3 years after the 
examination.  
 
RESULTS: At 3 years follow-up, there was no significant difference in disc 
degeneration based on Pfirmann's classification among the 3 groups (P > 0.1). 
Moreover, X-ray film images showed that there was no significant difference in disc 
height, range of motion, or translation between flex and extension position among 
the 3 groups (P > 0.1).  
 
DISCUSSION: In conclusion, we did not show acceleration of intervertebral disc 
degeneration within 3 years after injection of bupivacaine into human discs. We 
concluded that there is a difference between clinical effects of bupivacaine on 
intervertebral discs compared with the effects seen in vitro.  
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GP86. HISTOLOGICAL FEATURES OF MAMMALIAN ENDPLATES OF THE SPINE: FROM 
MICE TO MEN  
Lenart, Brett A.; Zhang, Yejia; Ren, Jing; An, Howard S. 
Rush University Medical Center, Department of Orthopedic Surgery, Chicago, IL, US 

 

INTRODUCTION: Degeneration of the intervertebral disc (IVD) and endplate 
structures is linked to many pathological processes in the spine. Various animal 
models of IVD and endplate degeneration have been used to study the etiology and 
treatments of spinal disorders. Translation of animal research elucidating 
mechanisms of spinal injury and repair requires a characterization of the vertebral 
endplate in multiple species. In this study, we compared the endplate structure of 
laboratory animal species at the age range commonly used for modeling spine 
degeneration with that of an adult human.  
 
METHODS: IVDs and the adjacent vertebral bodies were isolated from the lumbar 
spine of the adult mouse, rat, rabbit, goat and human donor (Gift of Hope). Segments 
were fixed in formaldehyde and decalcified. Tissues were then imbedded, sectioned 
and stained with Alcian Blue with Haematoxylin and Eosin (H&E) counter stain, and 
photographed.  
 
RESULTS: Structure of the vertebral endplate varied significantly between adult 
species. All animal model species had at least two distinct layers: the cartilaginous 
endplate and the growth plate. In the rabbit and goat spine segments, an additional 
thin bony layer was found between the cartilaginous end plate and the growth plate; 
while the bony layer was not evident in the mouse and rat spine segments. The 
human endplate consisted of a cartilaginous layer between endplate and bone of the 
vertebral body, and had a more robust bony transition to cancellous bone. Unlike the 
animal model species, the growth plate in the adult human was absent.  
 
DISCUSSION: Significant differences exist in histological features of the endplate 
across species. Adult rodents, rabbit and goat have endplates that are different from 
adult humans. Since IVDs depend on nutrients and oxygen to diffuse through the 
endplates, consideration should be given when animal models are used to study 
intervertebral disc degeneration and surgical treatments.  
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GP87. RADIOLOGIC FINDINGS OF THE LUMBAR SPINE IN PATIENTS WITH 
RHEUMATOID ARTHRITIS  
Yasuda, Hiroyuki1; Suzuki, Akinobu1; Terai, Hidetomi1; Matsumura, Akira2; Toyoda, 
Hiromitsu1; Matsumoto, Tomiya1; Yamada, Kentaro1; Takahashi, Shinji1; Tsukiyama, 
Kuniaki1; Koike, Tatsuya1; Tada, Masahiro1; Sugioka, Yuko1; Okano, Tadashi1; 
Nakamura, Hiroaki1 
1Osaka City University Graduate School of Medicine, Department of Orthopedic 
Surgery, Osaka, Japan; 2Osaka City Juso Hospital, Department of Orthopedic Surgery, 
Osaka, Japan 

 

INTRODUCTION: Several reports have described that a significant number of patients 
with rheumatoid arthritis (RA) have deformity of the lumbar spine, and the incidence 
is more frequent than that in patients without RA. Some reports have described that 
inflammation of the disco-vertebral junction is one of the typical features of these 
patients. However, only a few studies have assessed this feature by MRI. The aims of 
this study were to assess endplate erosion in the lumbar spine of RA patients by MRI 
and to evaluate the factors related to endplate erosion. 
 
METHODS: A total of 49 patients who fulfilled the revised criteria of the American 
Rheumatism Association were included in this study. The background of RA was 
assessed based on the following points: age, duration of disease, DAS-28 CRP, and RA 
stage and class by Steinblocker's criteria. The endplate erosion was evaluated by MRI 
using a new grading system with four grades. We also examined the prevalences of 
lumbar scoliosis, spondylolisthesis and vertebral fracture on plain X-rays. We 
analyzed the correlations between the degree of endplate erosion and the 
background factors or radiographic lumbar lesions.  
 
RESULTS: Endplate erosion was observed in 38 patients (77.6%). The background 
factors of RA did not affect the endplate erosion. The prevalences of lumbar scoliosis, 
spondylolisthesis and vertebral fracture were 32.7%, 36.7% and 22.4% respectively. 
The degree of endplate erosion was severe in patients with lumbar scoliosis. In 
contrast, there were no correlations between the degree of endplate erosion and the 
presence of spondylolisthesis or vertebral fracture.  
 
DISCUSSION: In the present study, the prevalences of endplate erosion and lumbar 
deformity were relatively high in patients with RA. There was a correlation between 
the prevalence of lumbar scoliosis and the degree of endplate erosion.  
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GP88. INGROWTH OF NERVES AND BLOOD VESSELS INTO PAINFUL 
INTERVERTEBRAL DISCS  
Stefanakis, Manos1; Sychev, Ivan1; Summers, Bryn A1; Dolan, Patricia1; Harding, Ian2; 
Adams, Michael Antony1 
1University of Bristol, Bristol, UK; 2Frenchay Hospital, North Bristol NHS Trust, Bristol, 
UK 

 

INTRODUCTION: Discogenic back pain may be related to the ingrowth of nerves and 
blood vessels, although this is controversial. We hypothesise that ingrowth is greater 
in painful discs, and that it is facilitated by proteoglycan loss from the anulus.  
 
METHODS: We compared tissue removed at surgery from 22 patients with discogenic 
back pain and/or sciatica, and from 16 young "control" patients with scoliosis. Wax-
embedded specimens were sectioned at 7µm. Nerves and blood vessels were 
identified using histological stains, and antibodies to PGP 9.5 and CD31 respectively.  
 
RESULTS: Blood vessels were identified in 77% of "painful" discs compared to 44% of 
scoliotic discs (p=0.016), and they were more common in the anterior anulus 
compared to the posterior (p=0.026). Maximum penetration of blood vessels from 
the peripheral anulus was 4.7 mm ("painful" discs) and 2.0 mm (control discs), and 
penetration increased with histological grade of disc degeneration in the "painful" 
discs (p=0.002). In 16/17 painful discs, blood vessels were within 1 mm of an anulus 
fissure, or the disc periphery. Nerves were found in 36% of ‘painful’ discs (all with 
blood vessels) and 25% of control discs. Nerve ingrowth was always less than or equal 
to blood vessel ingrowth, with a maximum observed penetration of 1.5 mm from the 
periphery. Loss of proteoglycans (saffranin O staining) correlated with macroscopic 
grade of disc degeneration (r= 0.57, p<0.001).  
 
DISCUSSION: In degenerated and painful discs, the ingrowth of nerves appears to 
follow that of blood vessels, although no nerves were seen >2mm from the 
periphery. Ingrowth of both structures appears to favour anulus fissures, possibly 
because focal loss of proteoglycans reveals a collagenous scaffold that is conducive to 
cell migration. Results support the view that fissures in the outer anulus can give rise 
to discogenic back pain.  
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GP89. VERTEBRAL ENDPLATE LESIONS AND SIZE ARE ASSOCIATED WITH LUMBAR 
DISC DEGENERATION  
Wang, Yue; Battié, Michele C; Videman, Tapio 
University of Alberta, Edmonton, Canada 

 

INTRODUCTION: The size, shape and concavity of the lumbar vertebral endplate have 
been measured in vivo, suggesting a role of endplate morphometrics in disc 
degeneration (DD). On the other hand, endplate lesions have also been studied in 
relation to DD. Yet, most endplate studies are based on radiological images and 
findings of the associations with DD are inconsistent. The objectives of this study 
were to examine the relation of lumbar endplate morphometrics and lesions and DD, 
using cadaveric spines.  
 
METHODS: The sample consisted of 563 vertebral endplates and 313 discs from 76 
male cadaveric lumbar spines. Discography was performed to assess DD using a 4-
grade scale. The vertebrae were then dissected. The bony endplate lesions were 
evaluated as absent, slight to moderate, or severe, based on the size. Using a Konica 
laser scanner, endplates were digitalized to quantify the diameters, surface area and 
mean concavity depth. The circularity, which was the ratio of sagittal diameter to 
transverse diameter, was used to indicate the shape of the endplate. Ordered logistic 
regressions were used to examine the effects of endplate morphometrics and lesions 
on DD, adjusting for age and spinal level.  
 
RESULTS: Lesions were found in 197 (32.8%) of endplates. Endplate lesions were 
associated with DD (for slight to moderate lesions OR=2.31, P<0.01; for severe lesions 
OR=3.54, P<0.001), adjusted for age, BMI and spinal level. Greater endplate area also 
was associated with more severe DD (OR=1.2, P<0.05). There were no statistically 
significant associations of endplate shape and concavity with DD.  
 
DISCUSSION: The integrity of the vertebral endplate and intervertebral disc are 
interconnected. Endplate lesions were common and associated with discographic DD, 
with larger lesions associated with more severe DD. While data support an 
association between larger endplates and more severe adjacent DD, findings did not 
support a role of endplate concavity and shape in the pathogenesis of DD.  
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GP90. INTERLEUKIN 1-BETA (IL-1) EXPOSURE SIGNIFICANTLY UPREGULATES 
NEUROTROPHIN GENE EXPRESSION FOR BRAIN-DERIVED NEUROTROPHIC FACTOR, 
NEUROTROPHIN 3 AND NEUROPILIN 2 DURING 3D CULTURE OF HUMAN ANNULUS 
CELLS  
Gruber, Helen; Hoelscher, Gretchen; Bethea, Synthia; Hanley, Edward 
Carolinas Medical Center, Orthopaedic Surgery, Charlotte, US 

 

INTRODUCTION: The relationship between disc cells, nerves, and pain is poorly 
understood. Neurotrophins (signaling molecules involved in nerve survival, 
differentiation, migration, and neurite outgrowth), are expressed in non-neuronal 
tissues including the disc. We hypothesize that in vitro exposure of human disc cells 
to IL-1 will elevate neurotrophin expression.  
 
METHODS: Following Review Board approval, annulus cells were cultured in 3D in 
collagen sponges (Biomater. 27:371-6, 2006). Cells, isolated from 3 Thompson grade 
IV discs and a grade III discs, were grown for 9 days in control (minimal essential 
medium supplemented with 20% FBS (controls) or treated media (102 pM IL-1 beta 
added). mRNA was isolated and processed for Affymetrix microarray analysis. Data 
were normalized/corrected for false discovery rate. Statistics used unpaired student 
t-test; p<0.05 as significant.  
 
RESULTS: Gene expression levels in IL-1 treated cells were compared control cells. IL-
1 exposure significantly increased expression of neutrotrophin 3 (2.5 fold increase, 
p=0.047), brain-derived neurotrophic factor (BDNF) (6.7 fold increase, p=0.014), and 
neuropilin 2 (3.5 fold increase, p=0.017) compared to controls.  
 
DISCUSSION: Data show that proinflammatory cytokines can significantly increase 
expression of neurotrophins. IL-1 plays an important role in the pathogenesis of disc 
degeneration (Le Maitre, Arthr Res Ther 2005, 7:R732). Our findings expand those of 
Prumessur et al. on expression of neurotrophins (Arth Res Ther 2008,10:R99), and 
provide the first disc documentation of expression of neurotrophin 3 and neuropilin 
2. We had previously shown the presence of BDNF (Arth Res Ther 2008,10:R82). This 
work has direct translational relevance because it addresses the primary clinical issue 
with disc degeneration (low back pain), and because it opens the possibility of novel 
analgesic therapies based on development of specific small-molecular antagonists to 
neurotrophins.  
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GP91. LYPOPOLYSACCHARIDE INJECTION PROVOKES SECRETION OF PRO-
INFLAMMATORY MEDIATORS OF INTERVERTEBRAL DISC DEGENERATION  
Chahine, Nadeen1; Bloom, Ona1; Grande, Daniel1; Sherry, Barbara1; Levine, Mitchell2 
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System, Dept of Neurosurgery, Manahsset, NY, US 

 

INTRODUCTION: We propose a new approach for inducing inflammation in an animal 
model of disc degeneration that is not initiated by physical destruction of the disc 
integrity. We hypothesize that injection of rat caudal discs with lipopolysaccaride 
(LPS), an endotoxin used in pre-clinical models of inflammation, can induce secretion 
of a cascade of pro-inflammatory mediators of IVD degeneration. LPS is administered 
with micro needles in order to limit the potential disruption of the disc by needle 
injection.  
 
METHODS: A 33G needle was inserted into the NP space of rat caudal discs, and 2.5 
ng of LPS were injected. Saline was injected into adjacent sham discs. After 1 or 7 
days post injection, disc protein lysates were prepared and assayed for TNF-a and IL1-
b by ELISA, and for HMGB1 and MIF by immunoblotting.  
 
RESULTS: Injection of LPS into the NP disc space resulted in increased levels of pro-
inflammatory cytokines TNF-a and IL-1b vs. sham 1 day post injection. Elevated levels 
of IL-1b persisted 7 days post injection with LPS (~10X increase over time). No 
significant temporal change in TNF-a was seen. HMGB1 and MIF were detected in 
discs treated with LPS at 1 and 7 days post disc injection, at greater levels than in 
sham group.  
 
DISCUSSION: In this study, we have measured the effect of LPS injection on IVD 
cytokine secretion in vivo. Our results indicate that LPS is a potent stimulator of IL-1b, 
TNF-a, HMGB and MIF secretion in the IVD. The significant temporal increase in IL-1b 
levels between days 1 and 7 suggests that LPS may initiate the process of prolonged 
disc inflammation, a hallmark indicator of painful disc degeneration in humans. The 
ability of LPS injection into the disc to provoke secretion of multiple cytokines (TNF-a, 
IL-1b, HMGB-1 and MIF) may provide an opportunity to study broad aspects of the 
physiological inflammatory process observed in degenerative disc disease.  
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GP92. ROLE OF PGE2 ON THE EXPRESSION OF NERVE GROWTH FACTOR IN HUMAN 
INTERVERTEBRAL DISK CELLS  
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INTRODUCTION: Low back pain is a clinical problem that results in physical disability 
and decreased productivity. One of the possible mechanisms of low back pain has 
been considered that peripheral nerve fibers invade into the degenerated 
intervertebral disk (IVD) in nerve growth factor (NGF) dependent manner. Although 
selective COX-2 inhibitor has been used for treating those patients trying to inhibit 
PGE2 production to decrease the risk of the acute pain, its effect on NGF regulation in 
IVD has been unclear. The role of PGE2 on the regulation of NGF in IVD cells was 
investigated. 
 
METHODS: Confluent IVD cells were pre-incubated with selective COX-2 inhibitor (NS-
398), prostaglandin E2 (PGE2) or steroid (dexamethasone (Dex)) for 30 min and then 
stimulated with interleukin-1 (IL-1) (10 ng/ml) for a further 24 hours. The expression 
of NGF and COX-2 mRNA was quantified by real time-PCR. 
 
RESULTS: IL-1 stimulated the expression of NGF and COX-2 in IVD cells. The induction 
of both NGF and COX-2 was strongly inhibited by Dex. Treating the cells with NS-398 
did not affect the expression of COX-2 whereas it augmented the IL-1 induction of 
NGF expression. Conversely, exogenous PGE2 treatment resulted in the suppression 
of IL-1-induced NGF expression. 
 
DISCUSSION: Selective COX-2 inhibitors have been widely used in clinical treatment 
for patients with low back pain and have been beneficial for acute pain. Hence, our 
data revealed that selective COX-2 inhibitor augmented the expression of NGF in 
response to inflammatory stimuli such as IL-1, suggesting that this treatment may 
lead chronic low back pain. In addition, suppression of NGF expression by exogenous 
PGE2 may indicate that PGE2 play a negative feedback for NGF expression in IVD 
cells.  
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GP93. A NATURAL LUMBAR DISC DEGENERATION MODEL IN THE VERVET MONKEY  
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INTRODUCTION: This study uses a previously unstudied species of non-human 
primates, the vervet (Chlorocebus aethiops). The purpose of this study is to establish 
whether natural disc degeneration occurs in this species and also to determine 
whether age and body mass are associated with higher rates of disc degeneration  
 
METHODS: The vervet colony at Wake Forest University Primate Center (fully 
pedigreed) was studied. 38 females were chosen at random for this study. Lateral 
radiographs lumbar discs (L1-S1) were graded on five variables: height loss, anterior 
osteophyte, annular calcification, endplate irregularity, and endplate sclerosis. An 
overall degeneration score (Composite Grade) was assigned based on the sum of 
each of the 5 individual degeneration scores. Regression analysis was performed to 
assess statistical association between the monkey’s age (avg 10.8 years) or body mass 
(avg 5.03kg) with the parameters evaluated.  
 
RESULTS: Fifteen animals (40.5%) were considered middle aged or older. Of 37 
animals, 23 (62.2%) exhibited some form of degeneration. The Composite Grade was 
highest at L6-7 (most degenerated). Univariate regression analysis indicated that age 
was significantly correlated with of the five variables and the Composite Grade 
(R2=0.62, P<0.001). Body mass was significantly correlated Composite Grade 
(R2=0.18, P=0.01). In the multivariate regression analysis, age was statistically 
associated with all of the individual variables and with Composite Grade (P<0.001), 
explaining 64% of the variability of the Composite Grade. However, body mass was 
not significantly associated with degeneration.  
 
DISCUSSION: In the vervet females, natural lumbar disc degeneration occurs and is 
related to age, but not to body mass. The pattern of degeneration by age and level is 
similar to humans. As this vervet colony is pedigreed and genetically mapped, 
evaluation of the full colony with advanced imaging will allow powerful future genetic 
studies.  
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GP94. EXPRESSION OF GALECTIN-1 IN NUCLEUS PULPOSUS CELLS OF 
INTERVERTEBRAL DISC AND POTENTIAL FOR MAGNETIC ACTIVATED CELL SORTING 
(MACS)  
Jing, Liufang1; So, Stephen1; Lim, Shaun W1; Richardson, William J2; Fitch, Robert D2; 
Setton, Lori A3; Chen, Jun2 
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Surgery, Durham, US; 3Duke University, Biomedical Engineering and Orthopaedic 
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INTRODUCTION: Galectin-1 (Gal-1), an endogenous β-galactoside-binding protein, is 
known to bind to various extracellular matrix proteins including laminins. Previously, 
higher laminin-10 (LM-511) expression was found in nucleus pulposus (NP) as 
compared to anulus fibrosus (AF) tissues of intervertebral disc (IVD), which may 
differentially contribute to Gal-1 interactions with extracellular matrix. In addition, 
we also identified higher levels of Gal-1 mRNA in immature rat NP tissues as 
compared to AF, further suggesting that the interactions between Gal-1 and laminins 
may be unique for NP cells. The objective of this study was to evaluate protein 
expression of Gal-1 in IVD tissues and to test for an effect of Gal-1 to mediate IVD cell 
adhesion to laminins through cell attachment and magnetic activated cell sorting 
(MACS) studies.  
 
METHODS: NP and AF tissues were harvested from IVDs of rats, pigs and patients 
(scoliosis or disc degeneration). Frozen tissue sections were immunostained with a 
polyclonal antibody to human Gal-1. Attachment of isolated NP and AF cells from pig 
and human IVDs on laminins (LM-111 and LM-511) were compared with/without pre-
incubation with Gal-1. A biotinylated Gal-1(B-Gal-1) recombinant protein was used to 
evaluate its affinity binding to IVD cells and to select IVD cells by MACS with 
streptavidin.  
 
RESULTS: Similar staining patterns for Gal-1 and LM-511 in IVD tissue suggests that 
Gal-1 may serve as an adhesion molecule to interact with both cells and laminin 
matrix. However, Gal-1 increased both NP and AF cell attachment (more than 100% 
as compared to control) to laminins and exhibited a similar binding affinity to both 
cell types in vitro. Incubation with B-Gal-1 was also able to promote retention of 
more than 50% of NP and AF cells by MACS. These results suggest that a MACS 
protocol based on IVD cell attachment to B-Gal-1 may be useful for enriching healthy 
IVD cells from mixed cell populations for autologous cell delivery.  
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GP95. LUMBAR DISC DEGENERATION IS INCREASED IN SUBJECTS WITH A HISTORY 
OF SLIPPED CAPITAL FEMORAL EPIPHYSIS (SCFE)  
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INTRODUCTION: Spinal osteoarthritis is greater in patients with known hip pathology 
secondary to alterations in spinopelvic geometry. To our knowledge, no study has 
investigated the long term impact of slipped capital femoral epiphysis on the spine. 
We sought to evaluate the relationship between slipped capital femoral epiphysis 
and the presence of degenerative disc disease and facet arthrosis.  
 
METHODS: An observational study was performed on 25 cadaveric specimens with 
slipped capital femoral epiphysis and 647 controls that were identified out of 3100 
total cadaveric specimens in an osteologic collection. The specimens were evaluated 
for disc degeneration and facet arthrosis at L1/2 to L5/S1 using the classification of 
Eubanks, et al. Linear regression analyses were then used to determine the 
relationship between slipped capital femoral epiphysis and lumbar disc and facet 
degeneration at each level, correcting for confounding factors such as age, sex, and 
race.  
 
RESULTS: Linear regression demonstrated a significant association (p<0.01) found 
between slipped capital femoral epiphysis and degenerative disc disease at all levels 
from L1/2 to L5/S1. In addition, a significant association (p<0.01) was found between 
slipped capital femoral epiphysis and facet arthrosis at all levels from L1/2 to L5/S1.  
 
DISCUSSION: The findings of this study show a relationship between slipped capital 
femoral epiphysis and lumbar disc degeneration and facet arthrosis. This relationship 
may prove useful in predicting the course of spinal osteoarthritis in patients with 
SCFE.  
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GP96. SEVERITY OF INTERVERTEBRAL DISC DEGENERATION LIMITS THERAPEUTIC 
POTENTIAL OF MESENCHYMAL STEM CELLS  
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INTRODUCTION: The aim of this study is to examine the effect of inflammatory 
severity on the ability of mesenchymal stem cells (MSCs) to recover biomechanical 
and biochemical properties of an injured intervertebral disc (IVD) in vivo. We 
examined the effect of very early (3 day) vs. later (2 week) administration of MSCs 
into injured or control IVDs to tease out the potential effect of inflammation on the 
therapeutic ability of MSCs.  
 
METHODS: Needle puncture (27G) injury was created in two discs of the rat tail, and 
2 adjacent discs were uninjured controls. On day 3 (EARLY) or day 14 (LATE) post 
injury, autologous marrow derived MSCs were injected into a control (CONMSC) and 
injured (INJMSC) disc. After 14 days post treatment, discs were collected and 
characterized for compressive dynamic modulus (G*) and GAG content, and 
compared to the sham and untreated injured dics.  
 
RESULTS: In early group, CONMSC discs had significantly higher GAG content & G* vs. 
sham, and INJMSC had significantly greater G* vs. sham. In late group, GAG content 
of CONMSC decreased vs. early, as did G* of INJMSC. G* & GAG content of INJMSC in 
late group were significantly lower than CONMSC.  
 
DISCUSSION: Our results indicate that the administration of MSCs to injured discs 
resulted in diminished therapeutic response compared to injection into control discs. 
INJMSC had comparable results to CONMSCs in the early group, suggesting that the 
peak levels of cytokine secretion within 4 days of injury do not appear to limit the 
ability of the MSCs to survive. However, the behavior of MSCs in late group was 
significantly diminished vs. early group, indicating that timing of the MSC 
administration can greatly affect the outcome of the therapy. Future studies will 
explore relationship between mediators of diminished therapy of MSCs in vivo.  
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INTRODUCTION: Back pain associated with disc degeneration is a common clinical 
condition. Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) 
have been shown to differentiate into cells of the adipogenic, osteogenic, and 
chondrogenic lineages. Injection of hUCB-MSCs into the intervertebral disc is an 
attractive therapy to regenerate the disc and restore function. In this study, we 
determined the effectiveness of hUCB-MSC therapy for repair of the intervertebral 
disc in vitro. HUCB-MSCs were injected into cultured rabbit intervertebral disc 
explants. Survival of the injected cells, expression of the human collagen type II (Col2) 
gene, and expression of rabbit anabolic and catabolic genes were assessed.  
 
METHODS: HUCB-MSCs labeled with a lipophilic dye (DiI) were injected into rabbit 
disc explants, and maintained in culture for one month. Live cells were stained green 
with CellTracker Green and transplanted stem cells were stained red with DiI. 
Resident disc and transplanted cells were visualized by fluorescent microscopy. 
Human Col2 expression was assessed by RT-PCR. Rabbit Col2 and matrix 
metallopeptidase 13 (MMP13) genes were assessed with real time PCR.  
 
RESULTS: HUCB-MSCs survived in the cultured disc explants for at least one month, 
and expressed the human Col2 gene, which indicates that the injected stem cells are 
differentiating into a chondrocyte-like lineage. Rabbit disc cells expressed higher 
levels of Col2 and lower levels of MMP13 genes which indicate resident cells have a 
positive metabolic response to stem cell treatment.  
 
DISCUSSION: We have shown that hUCB-MSCs survived, expressed the human Col2 
gene, and stimulated resident disc cells to express higher levels of Col2 and lower 
levels of MMP13 genes when transplanted into rabbit intervertebral discs. These data 
support the potential of a cell therapy approach for disc repair. Further studies in 
animal models are indicated as the next step towards achieving disc repair in 
humans.  
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INTRODUCTION: Biologic treatment options for intervertebral discs(IVDs) have been 
suggested for patients with chronic low back pain. The aim with this study was to 
investigate possible cell types and gel carriers for regenerative treatment of 
degenerative discs.  
 
METHODS: In vitro; human mesenchymal cells(hMSC), human IVD cells(hDC) and 
human chondrocytes(hC) were cultivated respectively in three different gel types; 
hyaluronan based gel(Durolane®), hydrogel(Puramatrix® and adhesive tissue glue gel 
(TISSEEL®). The cells were cultivated 9 days in chondrogenic-differentiation 
media.Cell proliferation and proteoglycan production was evaluated with microscopy, 
Nikon Eclipse90i. 
In vivo; Lumbar IVDs were injured in 6 mini pigs. After 2 weeks, hMSCs or hC were 
injected into the IVDs with the hyaluronan gel. Animals were sacrificed after 3 or 6 
months. Transplanted hMSC were traced with an anti human antibody. IVD 
appearance: visualized by MRI and immunohistochemistry.  
 
RESULTS: Cell proliferation was most advanced in the hyaluronan gel in the in vitro 
cultures, all cell types. Xenotransplanted hMSC and hC survived in the porcine IVDs 
for 6 months and produced CollagenII in 6/6 animals. Six months after 
transplantation of cell/gel, pronounced endplate changes indicating severe IVD 
degeneration was seen in 1/3 hC/gel, 1/3 hMSC and 1/3 gel only injected IVDs at MRI. 
At time point 6 months after transplantation: 1/3 hMSC/gel, 3/3 hC/gel, 2/3 gel and 
1/3 injured IVDs stained positive for bone mineralization.  
 
DISCUSSION: Even though hyaluronan gel demonstrated best result of the tested gels 
in vitro it was not a suitable cell carrier for cell therapy. High cell proliferation 
observed in vitro may have been a negative factor in vivo, since most of the cell/gel 
transplanted IVDs showed degenerative changes at MRI and induced bone formation. 
However, xenotransplantation is a valuable model for evaluating possibilities for cell 
therapy treatment of human degenerated IVDs.  
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INTRODUCTION: Cartilage Intermediate Layer Protein (CILP) has been implicated in 
cartilage diseases. Genetic analysis showed an association between a functional 
single-nucleotide polymorphism (SNP) of the CILP gene and patients with lumbar disc 
herniation and sciatica requiring surgery. CILP is regulated by TGF-β, but the effect of 
BMP-2, age, and experimentally induced disc degeneration is not known. Excessive 
binding of CILP to growth factors has been suggested as a pathomechanism of disc 
disease.  
 
METHODS: CILP expression levels were evaluated in rabbits of different ages (6 
month old vs 5 years old) and different degrees of disc degeneration (induced by 
needle puncture). The expression of CILP, proteoglycan, and collagen II were 
measured by Western blot and Real-time PCR. To study the effect of BMP-2 on CILP 
expression, primary disc cells from young and old rabbits were treated with rhBMP-2 
with or without inhibitors of BMP-2 mediators (siRNA to Smad 1, 5, and 8), and the 
gene expression of CILP was analyzed by Western blot and Real-time PCR. The activity 
of the CILP promoter was measured by using the Dual Luciferase Reporter Assay 
System.  
 
RESULTS: Our study demonstrates that the intervertebral disc expresses significant 
levels of CILP in young rabbit discs, and that the expression of CILP increases 
substantially with increasing age and disc degeneration. In contrast, the expression of 
proteoglycan and collagen II decreases with increasing age and disc degeneration. 
BMP-2 induces the expression of CILP protein and stimulates the activity of the CILP 
promoter in the rabbit primary disc cells. The induction of CILP by BMP-2 can be 
augmented with age.  
 
DISCUSSION: Our data demonstrate that disc degeneration, age, and BMP-2 
upregulate CILP. As excessive CILP maybe harmful our findings have particular clinical 
significance and suggest targets for how CILP expression can be modified.  
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INTRODUCTION: In degenerated discs, disruption to inter-lamellar ‘cross-ties’ 
appears to lead to delamination and the development of anulus fissures. We 
hypothesise that such internal disruption is likely to be driven by high gradients of 
compressive stress (i.e. large differences in stress from the nucleus to the mid 
anulus).  
 
METHODS: Eighty-nine thoracolumbar motion segements, from T7/8 to L4/5, were 
dissected from 38 cadavers aged 42-96 yrs. Each was subjected to approximately 1 kN 
compressive loading, while intradiscal compressive stresses were measured by 
pulling a pressure transducer along the disc’s mid-sagittal diameter. Measurements 
were repeated in flexed and extended postures. Stress gradients were measured, in 
the anterior and posterior anulus of each disc, as the average rate of increase in 
stress (MPa/mm) between the nucleus and the region of maximum compressive 
stress in the anulus. Average nucleus pressure (IDP) was also recorded.  
 
RESULTS: Stress gradients increased with grade of disc degeneration especially in 
posterior anulus (p<0.04 or better). Age had little additional influence, despite 
inverse correlation with IDP (p<0.04 or better). Stress gradients increased in the 
anterior anulus in flexion, and were greatest of all in the posterior anulus in 
extension, sometimes exceeding 0.5 MPa/mm. In the most severely degenerated 
discs, stress gradients remained high, even though peak anulus stresses and IDP were 
reduced as a result of load-bearing being transferred to the neural arch.  
 
DISCUSSION: Stress gradients are highest in the region of the disc (the middle 
posterior anulus) that is most disrupted by the degenerative process. Unlike the 
overall peak stresses, or IDP, stress gradients remain high in severely degenerated 
discs, and are not reduced when load-bearing is transferred to the neural arch. These 
results suggest that stress gradients play a major role in the internal disruption of 
degenerated human discs.  
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INTRODUCTION: DBM-based products are most commonly used with autograft, 
allografts, and possibly BMPs. Very few of these DBM-based products have been 
systematically evaluated in vivo. Fewer of these DBM-based products have been 
evaluated when combined with autografts, allografts, or DBMs. Previously we have 
reported fusion variability across different production Lots of these DBM-based 
products. Recent studies have shown both intra product variability (lot-to-lot 
variability due to production lots) and inter product variability (product 
formulations). The purpose of this study was to assess the benefit of a sub efficacious 
dose of rhBMP-2, or autogeneous bone added to a DBM-based product.  
 
METHODS: A L4-5 posterolateral lumbar spinal fusion was performed on athymic rats 
with implantation of 3 unique Lots of DBM-based product (EquivaBone, Etex Co.) with 
and without subefficious dose of 0.006 mg/ml rhBMP2+DBM-based product. Each 
combination was tested on 4 rats total. Fusion success was determined at eight 
weeks and 6 months with use of radiographs and manual palpation of the vertebral 
segments. Fisher’s exact test and Logistic regression were used to determine the 
difference and predictive abilities of assayed and added BMPs.  
 
RESULTS: All segments implanted with 0.006 mg/ml rhBMP2/ACS only were not 
fused; however all segments implanted with the same dose of rhBMP2/ACS 
combined with DBM-based product were fused. Also, when 25% DBM and 25%CP 
was used with 50% ICBG fusion was also seen in all the animals after 6 months.  
 
DISCUSSION: Fusion was not observed with the low dose rhBMP2/ACS only. The 
higher the quantity of DBM to CP base in the product, the more rapid the bone 
formation. The optimal ratio between DBM and CP was 75% DBM to 25% CP. Low 
doses of rhBMP-2 added to DBM product enhanced remodeling and rapid bone 
formation at all ratios of DBM to base. As is clinically practice, autogeneous bone 
added to the DBM-based product also enhanced rapid bone formation.  
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INTRODUCTION: Disc degeneration is related to progressive changes in tissue 
composition and morphology, such as water loss, height loss, endplate sclerosis, 
osteophytes. They are usually present in various combinations and may have 
different effects on the segment biomechanics. We investigated a wide range of 
clinical scenarios, in which the most common degenerative changes are present in 
various combinations using finite element models. 
 
METHODS: A poroelastic FE model of the L4-L5 human segment was employed and 
scaled to represent 10 spine segments from different individuals. We generated 30 
models with six degenerative changes (condition of nucleus pulposus, annulus 
fibrosus and endplate cartilage; height loss; osteophytes; diffuse sclerosis), 10 for 
each degree of degeneration (mild, moderate, severe). A daily loading cycle including 
8 hours of 200 N compression representing the night and 16 hours of 500 N modeling 
the day was considered. Two flexion-extension cycles were also simulated, directly 
after the application of the 500 N load and before its removal. 
 
RESULTS: A tendency to an increased stiffness with progressing overall degeneration 
was observed. Thus, instability for mild degeneration was not predicted. Nucleus 
degeneration reduced the daily disc height change; annulus degeneration had no 
influence. However, both parameters significantly correlated to a decrease in the 
flexion-extension range of motion. Also osteophytes, sclerosis and height loss 
induced a reduction of daily disc height change and spine flexibility. Endplate sclerosis 
significantly limited the disc rehydration during the night. 
 
DISCUSSION: These finding may help to get a better understanding of which 
parameter of disc degeneration we should look for with bio-imaging methods. This 
may support the development of new tools to improve diagnostic value. 
Acknowledgments: This project is funded by the EU project GENODISC (HEALTH-F2-
2008-201626).  
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INTRODUCTION: Degenerative disorders of the spine often result in pain. Interaction 
between the intervertebral discs and neural structures has been suggested as a 
possible mechanism behind such pain production. Previous work has demonstrated 
that both notochordal and chondrocyte like cells from intervertebral discs inhibit 
neurite outgrowth from DRG:s in vitro. The aim of this study was to analyze the 
ultrastructure of neurites with and without the presence of intervertebral discs cells 
in a tissue culture system.  
 
METHODS: Dorsal root ganglia were harvested from newborn rats and cultured on 
collagen coated Termanox glasses for 48 hours in vitro and studied in three 
experimental series: 1) 20 000 notochordal cells added, 2) 20 000 chondrocyte like 
cells added, 3) medium (control). The DRG:s and neurites were then fixed in 
Karnovsky's fixative and the ultrastructure was evaluated by scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM).  
 
RESULTS: Neurite outgrowth from cultured DRG:s was seen as bundles of varying size 
and complexity. The neurites grew in a close relationship to flattened cells 
(fibroblasts) and Schwann cells and formed bundles of axons and dendrites with 
intracellular neurofilaments. Cytoplasmic processes from Schwann cells encircled 
single axons already after 48 hours in culture. No clear differences in ultrastructure of 
the neurites were observed between the three experimental series.  
 
DISCUSSION: This is the first description of the ultrastructure of outgrowing neurites 
from DRG:s in vitro with and without the presence of cells from intervertebral discs in 
the tissue culture system. Interestingly, Schwann cells seem to play an important role 
in neurite outgrowth already in the time frame of 48 hours. No obvious 
morphological changes on neurites or supporting cells were seen after exposure to 
disc cells. However, the effect of disc cells on neurite outgrowth may be due to 
soluble factors or cell to cell signalling.  
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GP104. ROLE OF NUCLEOPLASTY IN THE TREATMENT OF DISCOGENIC AXIAL LOW 
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INTRODUCTION: Nucleoplasty is a minimally invasive procedure that utilizes the 
principle of radiofrequency ablation to achieve volumetric reduction, reduction of 
intradiscal pressure & decompression. Back pain still remains a major disabling 
problem which is yet to be addressed in a minimally invasive way. 
 
OBJECTIVE: To evaluate the effectiveness of nucleoplasty in the treatment of chronic 
discogenic axial low back pain in patients who failed conservative treatment for a 
period of 3 mths.  
 
SUBJECTS: 30 patients undergoing nucleoplasty performed by a single surgeon at one 
or more levels from Oct 2008 to Dec 2009 were included in the study. Patients with 
clinically symptomatic back pain were included. The patients with working diagnosis 
of infection or malignancy, clear cut nerve root pain with working diagnosis of disc 
prolapse, pregnancy & children were excluded All patients who underwent the 
procedure had discography for the levels in question. 
 
STUDY DESIGN: Patients were assessed clinically with using the Visual analog Scale 
(VAS) back and leg, Oswestry disability index (ODI), and Short Form-36 (SF-36) 
preoperatively. MRI was studied for evaluation of degenerate disc with regards to 
disc height, presence and location of annular tear. In the post operative period they 
were followed at 6 weeks, 3 month, 6 month and 1 year.  
 
RESULTS: Significant improvements was noted only in 66% (20/30) of the treated 
patients. The ones that improved showed significant improvement in outcome 
indicators of ODI, VAS (back) and SF-36. 
We analysed the reason for success in the population that improved after the 
procedure. Presence of ‘high intensity zone (HIZ)’ indicating annular tear was 
associated with poor outcome. Patients with positive discography (11/18) surprisingly 
did not show an improvement as against the ones with negative discography (9/12). 
 
CONCLUSIONS: Nucleoplasty has an effective role in the treatment of patients with 
chronic discogenic back pain in a select group.  
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INTRODUCTION: Patients feel low back pain originating from discogenic disease. It 
has been reported that the rat lower lumbar discs are innervated mainly by L2 dorsal 
root ganglion neurons. Thus, it is possible that patients feel referred groin pain 
corresponding to the L2 dermatome originating from intervertebral discs; however, 
the referred pain has not been fully clarified in humans.  
 
METHODS: We selected 5 patients with groin pain alone for investigation. The 
patients suffered from groin pain and showed disc degeneration only at one level 
(L4–L5 or L5–S1) on magnetic resonance imaging (MRI). Patients did not show any hip 
joint abnormality on X-ray films or MRI. To prove that their groin pain originated in 
degenerated intervertebral discs, we evaluated changes in groin pain after infiltration 
of lidocaine into hip joints, and examined pain provocation on discography, pain relief 
by anesthetic discoblock, and finally after lumbar anterior interbody fusion surgery.  
 
RESULTS: All patients were negative for hip joint block, positive for pain provocation 
on discography, and positive for pain relief by anesthetic discoblock. Furthermore, 
bony union was achieved 1 year after anterior interbody fusion surgery in all patients 
and visual analog scale score of groin pain was significantly improved at 1 year after 
surgery in all patients (P< 0.05).  
 
CONCLUSIONS: In the current study, we diagnosed discogenic groin pain using MRI, 
infiltration of lidocaine into the hip joint, pain provocation on discography, pain relief 
by anesthetic discoblock, and lumbar surgery. It is important to consider the 
existence of discogenic groin pain if patients do not show low back pain.  
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DISC IN BACH 1 DEFICIENT MICE  
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INTRODUCTION: Intervertebral disc is one the most important structures for 
stabilizing spinal column. But it easily loses its function as a result of degeneration 
affected by several causes. Intervertebral disc degeneration is considered of an 
important factor of low back pain, and recent studies have revealed that oxidative 
stress is an important factor in various conditions, and a cause of intervertebral disc 
degeneration. The purpose of this study is to clarify the correlation between 
oxidative stress and intervertebral disc degeneration by investigating the process of 
intervertebral disc degeneration in Bach 1 deficient mice which highly express HO-1, 
that protects cells from oxidative stress.  
 
METHODS: C9-10 caudal discs in 12 weeks old Bach 1 deficient and wild type murine 
tails were punctured using a 29 gauge needle. The progress of the disc degeneration 
was evaluated radiographically and histologically at pre-puncture and at 1, 2, 4, 8 and 
12 weeks post-puncture. Disc height index (DHI) was calculated from radiographs. 
Sagittal sections were evaluated for evidence of histologic changes using a 
semiquantitative grading (5 to 15 points, most degenerative). Immunohistochemistry 
was examined for HO-1 expression.  
 
RESULTS: DHI decreased significantly compared with pre-operation, but no significant 
differences were observed between the two groups. Histological scoring increased 
from 5 points to 10 points in Bach1 deficient mouse and 5 points to 13 points in wild 
type mouse, and showed significant difference at 8 (p< 0.01)and 12 (p<0.05) weeks 
after puncture between the two groups. Immunohistochemistry revealed high 
expression of HO-1 in the nucleus pulposus of Bach 1 deficient mouse, but very low in 
wild type mouse.  
 
DISCUSSION: The results of this study suggest that HO-1 modulates IVD 
degeneration. The mechanism of modulation is not solved yet, but it may reduce 
apoptosis cells. And high HO-1 expression can delay the process of IVD degeneration.  
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INTRODUCTION: It is widely accepted that cells can die by different cellular 
mechanisms, and there are many reports of disc cells dieing via necrosis and 
apoptosis. However additional forms of cell death occur in other cell types including 
oncosis, autophagy or anoikis. In addition disc cells with a different morphology, 
‘balloon cells’, have been described in pathological discs. Here we examine the effect 
of serum and glucose on cultured bovine and human disc cells.  
 
METHODS: Discs were obtained from young adult bovine tails and from patients 
undergoing surgery for herniation or disc degeneration. Cells were isolated 
enzymatically and cultured in monolayer for 4 days in 0, 10 and 20% foetal calf serum 
(FCS), both with and without glucose. Cell viability and morphology were observed via 
light and electron microscopy.  
 
RESULTS: Cell viability, assessed by trypan blue exclusion, was 98.4±2.0%. 
Ultrastructural observations revealed bovine cells containing large numbers of 
cytoplasmic vacuoles, possibly autophagic, particularly in cells cultured with 20% FCS. 
The frequency of these appeared to decrease with percentage serum and glucose 
content. There were no balloon cells in any bovine cultures, whereas they were very 
common in human discs. Vacuolated cells were also most common in human cells 
grown at 20% FCS with glucose.  
 
DISCUSSION: This study suggests that there may be more different pathways and 
forms of disc cell death than previously appreciated. Environmental conditions 
appear to be associated with the various forms, possibly related to the amount of 
energy required for the different mechanisms. In addition, there appears to be a 
difference between species, with bovine cells not demonstrating ‘balloon’ 
morphology under any conditions examined. Alternatively this may be a reflection of 
the disease state with ‘normal’ bovine cells having being studied here but 
pathological human cells.  
Acknowledgments: Genodisc (ECFP7 HEALTH-F2-2008-201626).  
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INTRODUCTION: Although there are common features in the background of 
metabolic syndrome (Mets) and low back pain (LBP), the relationship between Mets 
and LBP is unclear. In this study we aimed to examine the prevalence of Mets in 
subjects with LBP and the relationship between LBP and Mets.  
 
METHODS: The study comprised of 2650 subjects, aged 40 to 74 years old, residents 
in Tadami or Minamiaizu, Japan. The prevalence of LBP was identified by 
questionnaire. Mets applied to the definition recommended by the Examination 
Committee of the Criteria for Metabolic syndrome. Chi-Square test was used to the 
comparisons between the LBP and Mets. Multivariate logistic regression models were 
used to identify the prevalence of Mets between LBP and no LBP stratified for sex 
with age, smoking, physical activity, and short form 36 health survey mental health as 
covariates. This study protocol was approved by the Research Ethics Committee of 
Fukushima University School of Medicine.  
 
RESULTS: In the present study, 1395 respondents (53%) (age; 63+/-8.5 years, female; 
793) were analyzed. The prevalence of LBP was 16% in males and 14% in females 
(p=0.37). The prevalence of Mets was 25% (95% CI, 16% to 32%) among male with 
LBP and 21% (95% CI, 18% to 25%) among those without LBP (p=0.44). The respective 
proportions among females were 24% (95% CI, 16% to 32%) and 12% (95% CI, 10% to 
15%) (p<0.01). The multivariate analysis showed increased odds of Mets in males 
with LBP (odds ratio 1.1, 95% CI, 0.7 to 1.9) and in females with LBP (odds ratio 1.8, 
95% CI, 1.1 to 3.1).  
 
DISCUSSION: The high prevalence of Mets was associated with the presence of LBP in 
females. To successful aging, we need a treatment that consider musculoskeletal 
disorders and life style disease. Since the cause association between LBP and Mets 
and the potential common background factors of those were not identified in this 
study, future studies were needed in this area.  



GENERAL POSTERS 

 

 
GP109. PERIOPERATIVE INCIDENCE AND RISK FACTORS FOR DEEP VEIN 
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INTRODUCTION: Although low incidences have been reported, patients undergoing 
spinal surgery are at risk for developing thromboembolic complications. While deep 
vein thrombosis (DVT) is one of the potential serious complications, reports on its 
frequency and risk factors are few. The purpose of this study was to assess the 
perioperative incidence rate and risk factors for DVT associated with spinal surgery.  
 
METHODS: We retrospectively assessed 123 patients who underwent spinal surgery 
and had also received echography before and after surgery (patients: 78 males, 45 
females; average age at operation: 62.7 years-old) between December 2006 and July 
2009. The diagnoses were spondylosis (59), metastatic spinal tumor (20), vertebral 
and spinal cord tumor (7), and others (37). Other parameters assessed for all patients 
included operation time, operation blood loss, and general complications. Logistic 
regression analysis was used to identify the postoperative risk factors for DVT 
associated with spinal surgery.  
 
RESULTS: Before spinal surgery, 8 patients (6.5%) showed DVT [proximal DVT, 1 
(0.8%); distal DVT, 7 (5.7%); spondylosis, 5 (4.1%); others, 3 (2.4%)]. On the other 
hand, 14 patients (11.4%) developed new-onset DVT after spinal surgery [proximal 
DVT, 1 (0.8%); distal DVT, 13 (10.6%); spondylosis, 4 (3.3%); metastatic spinal tumor, 
5 (4.1%); vertebral and spinal cord tumor, 1 (0.8%); others, 4 (3.3%)]. Age at the time 
of operation was significantly associated with an increased risk of DVT after spinal 
surgery (p<0.05); however the other parameters had no relationship to the 
occurrence of DVT.  
 
DISCUSSION: Pre-operative echography detected DVT in 8 patients (6.5%) before 
surgery; this suggests that pre-operative echography plays an important role in 
detecting this serious complication. In patients with metastatic spinal tumors, new-
onset DVT after surgery was more frequent. Age at operation was a significant risk 
factor for DVT.  
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INTRODUCTION: Methodological design characteristics of trials in meta-analyses 
have been shown to influence the pooled effect sizes and are therefore recognised as 
potential sources of heterogeneity in several medical fields. However, for spinal 
surgery, presence and strength of effect of effect modifiers have not been assessed. 
The goal of this study was to identify influence of design characteristics on effect size 
in studies on effectiveness in spinal surgery.  
 
METHODS: Search was performed in Medline, Cochrane database and Embase. 
Methodological quality of the included meta-analyses was assessed with the Amstar 
tool. The effect sizes of trials included in the meta-analyses were assessed. The 
differences in effect sizes were calculated as the risk differences (RD). Relation of 
RD’s to sponsoring, randomization, allocation concealment, blinding and study size 
was assessed with meta-regression adjusted for multiple testing.  
 
RESULTS: Seven reviews consisting of 76 studies and 8191 patients were included. 
Data provided by the systematic reviews alone was insufficient to analyse 
heterogeneity. Metaregression analysis of the individual trials though, showed that 
sample size, strict randomization and outcome blinding were significant factors 
influencing study effect. Validly randomised studies showed an increase in RD of 5.4% 
(95% CI 1.2 to 9.6; p=0.044) compared to not validly randomised and observational 
trials. Studies with adequate observer blinding showed a 7.2% decrease of RD (95% CI 
0.8 to 13.7; p=0.049). For each increase of 100 patients the RD decreased 3.6% (95% 
CI 0.4 to 6.8;p=0.098).  
 
DISCUSSION: Contrary to basic methodological assertions, formal and strict 
randomization appeared to increase the risk difference significantly in spinal surgery 
research. Sufficient sample size and observer blinding, on the other hand can 
decrease this risk difference. This may imply that by trying to limit bias, strict 
randomization may actually cause bias.  
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INTRODUCTION: Advanced imaging techniques such as computed tomography (CT) 
and magnetic resonance imaging (MRI) are highly sensitive, but often non-specific, 
diagnostic tools. Despite this, CT and MRI are over-utilized in degenerative spinal 
disorder diagnosis. From the Ministry of Health perspective, we evaluated against 
usual care the cost-effectiveness of a hypothetical triage program for non-emergent 
spinal disorders that may eliminate unnecessary CT and MRI uses.  
 
METHODS: Diagnostic and surgical data were prospectively collected on 2,046 
outpatients who received consultation with the senior surgical author at an academic 
institution between September 2005 and April 2008. Using these data, we modelled 
an evidence-based diagnostic triage program wherein spine-focused clinical 
assessments and plain X-rays would be applied prior to ordering CT and MRI scans. 
Incremental costs were the incurred expenses from additional consultations and X-
rays less the cost savings from the eliminated CT and MRI scans. Outcomes were 
expressed as the number of surgical candidates identified per MRI used in diagnosis, 
reflecting the efficiency of diagnostic imaging.  
 
RESULTS: The triage program incurred $115,034 from additional consultations and X-
rays and saved $2,117,697 from eliminated CT and MRI scans, resulting in net savings 
of $2,002,663 for the 31 months of study period or $775,224 per year. In usual care, 
0.328~0.418 surgical candidates were identified per MRI whereas in the triage 
program, 0.736~0.885 surgical candidates were identified per MRI, resulting in over a 
two-fold improvement in MRI efficiency. The triage program was therefore 
dominating. Applying to high volume spine surgeons in Ontario, we estimated that 
the implementation of the triage program would save the province $24,171,159 per 
year.  
 
DISCUSSION: Eliminating unnecessary imaging in spinal disorder diagnosis can save 
significant healthcare resources.  
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INTRODUCTION: The Oswestry Disability Index (ODI) has been one of the most 
common disease-specific measures for patients with back symptoms, and has 
previously been officially translated into Japanese. However, there so far have been 
no reports on the normal values in Japanese subjects. We have conducted an Internet 
survey on the normal value of the Japanese version of the ODI that was translated in 
2003.  
 
METHODS: Randomly-selected monitors registered on an Internet research company 
answered online questionnaires from the Japanese ODI in October 2010, and the 
normal value was estimated from the data. Monitors were selected from among 
1,888,778 people from different regions in Japan. A total of 1200 monitors, 100 male 
and 100 female in each age group (20s to 70s), participated in the study. They were 
also asked to provide information about their height, body weight, exercise habits, 
sleep patterns, and occupation in order to determine the adequacy of the evaluation 
of the samples.  
 
RESULTS: The normal value of the Japanese version of the ODI in all monitors was 
8.75. It was 8.83 in males and 8.68 in females. It was 9.16 in subjects in their 20s, 8.50 
in 30s, 8.82 in 40s, 8.31 in 50s, 9.20 in 60s, and 8.52 in 70s. The BMI, exercise habits, 
and sleep patterns in each age group were similar to the results of the national 
survey of 2007 that was conducted in Japan.  
 
DISCUSSION: We measured the normal value of the Japanese version of the ODI. The 
overall value was 8.75, while that of the ODI in other countries was 10.19 in a 
previous report. The monitors were considered to be appropriate as samples, 
although there was a bias of it being an internet survey, so the results of this study 
can be regarded as the normal value.  

  



GENERAL POSTERS 

 

  
GP114. TRANSLATION OF THE NECK DISABILITY INDEX TO UTILITY SCORES FOR THE 
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BACKGROUND: Cost-effectiveness analysis in spine surgery requires valid measures 
of health status preferences and utility scores. Translation of disease-specific 
measures to SF-6D utility scores may be useful in cost-utility analysis. The purpose of 
this study is to present a model for translating the Neck Disability Index (NDI) to SF-
6D utility scores, permitting the use of NDI scores in the cost-utility analysis for 
cervical disorders. 
 
METHODS: Secondary analysis of a prospective clinical trial of the Synthes ProDisc-C. 
All subjects completed NDI and SF-36 self-assessments at pre-op and post-op follow-
ups between 6 weeks and 24 months, and subjects were divided into two cohorts for 
validation of the model. SF-36 scores were converted to SF-6D utilities via three 
previously published methods. Correlation analyses and linear regression modeling 
between SF-6D and NDI created the model for translating scores. 
 
RESULTS: 430 patients with 2155 timepoints were used for creation of the model. 
Pearson and Spearman correlation coefficients between the NDI and the SF-6D 
derived from each conversion method were found to be between -0.8255 and -
0.8504 (p < 0.01). R2 values ranged from 0.68 and 0.71 and RMSE from 0.092 and 
0.084. Correlations between estimated and observed SF-6D scores ranged from 
0.8325 and 0.8372 (p < 0.01). The mean prediction error was less than 0.006, with 
standard deviation between 0.082 and 0.093. 
 
DISCUSSION: Correlations between NDI and SF-6D utility scores are strong and 
significant. The prediction models produce a small mean prediction error, but the 
standard deviation of the prediction errors is large. These models may be used to 
calculate overall utilities, changes in utilities, and QALYs if study samples are large. 
However, due to the large standard deviation of prediction errors, these models 
should not be used to predict individual utility scores or to calculate QALYs for study 
populations with a small sample size.  
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INTRODUCTION: Surgical site infection (SSI) is a major indicator of health care quality. 
We utilized an integrated data repository where hospital and physician claims were 
linked to a hospital epidemiology database to identify risk factors for surgical site 
infection.  
 
METHODS: A total of 2,135 consecutive spinal surgeries performed at a university-
affiliated tertiary-care center from January 2008- May 2010 were included in the 
integrated data repository. Risk factors were identified through ICD-9 diagnosis and 
procedure codes and CPT codes. Rates of SSI and associated risk factors were 
calculated using univariate regression analysis. Odds ratios were calculated through 
multivariate logistic regression.  
 
RESULTS: patients were identified. The cumulative incidence of SSI was 2.6%. 
Procedural risk factors associated with a statistically significant increase in rates of 
infection were: involvement of the sacrum (6.0%), 7-12 levels (6.3%), >12 levels 
(16.7%), laminoplasty (7.1%), operative time longer than 5 hours (4.8%), transfusions 
(red blood cells, 5.2%, serum 6.3%, and autologous blood 7.2%). Patient based risk 
factors included: anemia (4.2%), overweight/obesity (5.8%), vertebral fracture (5.9%), 
coagulopathy (6.7%), neoplasm (6.7%), thromboembolism (7.7%), and myelopathy 
(9.8%).  
 
DISCUSSION: This study demonstrates the granularity of existing administrative 
claims to identify risk factors for surgical site infection. Future registry efforts can 
utilize this methodology to minimize the cost of data collection. (cont’d) 
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INTRODUCTION: Low back pain (LBP) affects approximately one in every four adults 
and costs over $100 billion in economic losses per year. In a value-based healthcare 
economy, understanding the comparative cost-utility of various LBP interventions is 
instrumental in guiding prudent investment of resources in interventions with the 
greatest value. This systematic review synthesizes current evidence on the relative 
value of LBP interventions. Comparative cost-utility of operative and non-operative 
interventions with recommendations for future directions in LBP cost-utility analysis 
(CUA) research have been discussed.  
 
METHODS: MEDLINE, EMBASE, Cochrane library and CINAHL databases were 
searched using medical subject headings. Inclusion and exclusion criteria were 
applied to the full-text of relevant studies, identified based on their titles and 
abstracts. The risk of bias, evidence quality, and recommendation strength of the 
selected papers was assessed. The CUA results were then extracted for examination.  
 
RESULTS: 25 of the 1004 retrieved search results were eligible for inclusion. Evidence 
indicates greater cost-utility of circumferential fusion and femoral ring allograft 
among the operative interventions, as well as graded activity, spinal manipulation, 
behavioral therapy, physiotherapy, acupuncture and exercise among the non-
operative interventions. The comparative cost-utility of operative versus non-
operative interventions remains inconclusive.  
 
DISCUSSION: Greater inter-study reliability is required to increase the pragmatic 
applicability of the CUA results. Organizing future research efforts around identifying 
the most cost-effective intervention for a given medical diagnosis instead of 
generalized symptomatic LBP might be beneficial. Nevertheless, important trends 
towards the greater value of certain interventions over others have emerged during 
the current systematic review, with some implications for directing future LBP CUA 
research.  
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Purpose: The CDC and American Heart Association recommend 30 minutes of 
moderate to vigorous activity (MVPA) at least 5 days per week to improve 
cardiovascular fitness and reduce overall mortality. Many patients with lumbar spine 
disorders complain of reduced activity levels due to chronic back pain. Thus, 
improved activity becomes a desired outcome following surgery. We aimed to 
quantify activity levels in a population with lumbar spine disorders using 
accelerometry. The hypotheses were 1) Patients with lumbar spine disorders have a 
low level of activity and 2) Activity levels and patient-reported HRQL scores correlate 
in this population. 
 
METHODS: Adults with lumbar spine disorders scheduled for surgical treatment were 
enrolled in this study. Participants wore an accelerometer for 12 hours daily, three- 
five consecutive days prior to their scheduled surgery. The average minutes per day 
spent in MVPA were determined for each patient. The Oswestry Disability Index (ODI) 
and the EuroQual-5D questionnaire (EQ-5D) were collected at enrollment and the 
scores were correlated to minutes per day of MVPA for each patient using the 
Spearmann Rank Correlation coefficient. 
 
RESULTS: 88 patients, 50 women and 38 men, with an average age of 63 and BMI of 
29 had complete data. The average time spent in MVPA was 8.9 min/day (Range 0-
69, SD 13). The average ODI and EQ-5D scores were 44.55 and 0.51 respectively. 
There was a low level of correlation between activity and EQ-5D (rho=0.256, 
p=0.049), but no correlation between MVPA and ODI (rho =-0.244, p=0.056). 
 
CONCLUSION: Based on early follow-up there is weak correlation between HRQL 
scores and activity levels measured by accelerometry in patients with degenerative 
conditions of the lumbar spine. The majority of this population only achieves 30% of 
the recommended amount of MVPA. Physical fitness should be addressed prior to 
surgery and targeted during rehabilitation.  
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INTRODUCTION: Nonorganic low back pain (LBP) is not uncommon in the Worker’s 
Compensation (WC) population. This study aims to design criteria to help determine 
which WC patients are likely to have nonorganic pain.  
 
METHODS: A retrospective chart review was performed of 127 WC patients with LBP 
seen by a single spine surgeon over a 2-year period. Potential risk factors for 
nonorganic pain were identified, including: multiple alleged injuries; concomitant 
cervical/thoracic complaints; initial presentation to chiropractor; areas of pain 
different from first report of injury (FROI); occupation as a healthcare employee; 
presence of legal representation; current work status; and number of prior WC 
claims. Outcome measures included the number of Waddell’s signs and additional 
nonorganic/ inconsistent pain behaviors noted during the examination. Nonorganic 
LBP was defined as: 4 or more Waddell’s signs, or 3 Waddell’s signs plus one 
additional inconsistent behavior. A stepwise logistic regression was used to 
determine which risk factors were significantly associated with nonorganic pain. We 
used an analysis of deviance to determine which combination of factors could best 
differentiate patients with nonorganic findings.  
 
RESULTS: Factors significantly associated with nonorganic pain included: 1) 
mechanism of injury including slip/fall or lifting of a patient (OR=5.7, p=0.03); 2) 
alleged injury in >2 areas (OR=4.2, p=0.02); 3) concomitant cervical and thoracic 
complaints (OR=2.9, p=0.04); 4) initial presentation to chiropractor (OR=7.7, p=0.01); 
5) back pain not listed on FROI (OR=3.3, p=0.04). Patients with 3 or more of these 
findings were at very high risk for nonorganic pain (>95%).  
 
DISCUSSION: We found a significant association between certain easily identifiable 
criteria and nonorganic LBP in a cohort of WC patients. This information may help 
healthcare providers identify patients at high risk for nonorganic pain, thereby 
reducing unnecessary costs.  
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INTRODUCTION: The clinical symptoms which result from herniation of the 
intervertebral disc are believed to be caused by a combination of mechanical 
pressure and sensitisation of nerve fibres, possibly via inflammatory mediators or 
cytokines originating in the disc leading to reduced neural thresholds. Treatments 
targeting individual cytokines or mediators which might promote these pathways (eg 
TNFα or IL-1) are under development. Here we investigated 8 different molecules 
associated with inflammation in patients with herniated discs in order to obtain an 
overview of possible targets.  
 
METHODS: Fifty six herniated discs (and 10 control discs) were entered into the study 
for histological examination for the presence of blood vessels and nerves and 
immunohistochemistry for the inflammatory mediators, IL1α and β, IL-6, TNFα, TSG-
6, MCP-1, thromboxane synthase and iNOS. Inflammation of nerve roots was 
assessed visually at surgery and via gadolinium enhancement on MRI.  
 
RESULTS: The morphology of the herniations was very variable, being composed of 
annulus, nucleus, cartilage endplate or a mixture. Vascularisation was present in 52% 
and nerves in 80% of samples. All discs had some staining for mediators IL1β, IL-6, 
iNOS, and MCP-1, whilst 94%, 91%, 89% and 70% had some for TSG-6,TNFα, 
thromboxane and IL1α respectively. Sequestrated discs had more apparent 
inflammation than less damaged, protruded discs.  
 
DISCUSSION: This study demonstrates that herniated discs are not only heterogenous 
morphologically but there are also many different cytokines and inflammatory 
mediators present. This can cause a problem both in research and development of 
treatments. For example, gene or drug therapy which targets one specific cytokine 
only is unlikely to be universally successful. The relatively unsuccessful trials with 
anti-TNFα treatments in this patient group would support this premise. 
Acknowledgments: Genodisc (ECFP7 HEALTH-F2-2008-201626) and Arthritis Research 
UK  

 



GENERAL POSTERS 

 

 
GP120. STRONGER INFILTRATION OF SEQUESTERED INTERVERTEBRAL DISCS WITH 
PLASMACYTOID DENDRITIC CELLS IS ASSOCIATED WITH POSTOPERATIVE 
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PATIENTS UNDERGOING MICRODISCECTOMY  
Geiss, Andrea1; Delank, Karl-Stefan3; Sobottke, Rolf2; Springorum, Hans-Philipp2; 
Michael, Joern-William2; Eysel, Peer2 
1University of Cologne, Cologne, Germany; 2University of Cologne, Department of 
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INTRODUCTION: An autoimmune response directed towards herniated nucleus 
pulposus has been suggested to constitute a risk factor for manífestation of failed 
back syndrome (FBS). Stimulated either myeloid dendritic cells (MDCs) or 
plasmacytoid dendritic cells (PDCs) may initiate such a response because both are 
able to active CD4+T helper (TH) cells. The amount of herniated nucleus pulposus 
irritating the nerve root is thought to determine the severity of neurologic deficits 
and whether this part of the intervertebral disc is treated as foreign by the immune 
system. The aim of the present prospective study was to examine whether 
differences between patients in the preoperative severity of neurologic deficits is 
accompanied by differences in cell counts infiltrating their discs and postoperative 
outcome.  
 
METHODS: Eleven patients with sequestered disc herniations underwent neurologic 
examinations before microdiscectomy. Their surgically removed discs were weighted 
and digested for 150 minutes. After digestion the tissue clumps were separated from 
supernatants by centrifugation. Cells in supernatants were counted, stained with 
specific surface markers of MDCs (CD11c, CD14), PDCs (CD123, CD4) and activated 
CD4+TH cells (CD4, CD45RO) and analyzed by FACS. Recovery from muscle weakness 
was recorded twelve months postoperatively.  
 
RESULTS: Discs of patients with severe loss of muscle strength (grades 2 and 3) were 
found to be infiltrated by a significantly increased proportion of PDCs (2.49%) and 
activated CD4+TH cells (0.51%) as compared with patients having mild deficits (grades 
4 and 5) (p<0.05). Disc weight of patients with severe deficits was also significantly 
increased and elevated PDC infiltration was accompanied by postoperative 
persistence of muscle weakness.  
 
DISCUSSION: These findings indicate that PDCs may function as antigen-presenting 
cells in patients having severe disc herniation and hence neurologic deficits, thereby 
specifying the autoimmune hypothesis.  
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INTRODUCTION: Puncture of an intervertebral lumbar disc in the rat has been shown 
to induce specific pain behavior. The present study was undertaken to assess if there 
are changes in gene expression in the adjacent dorsal root ganglion (DRG) that could 
shed light on the molecular events following disc puncture.  
 
METHODS: Twenty-five rats were used in the study. Twenty rats underwent surgery 
where the left L4-5 fact-joint was removed and the L4-5 disc visualized. In ten rats the 
disc was punctured (DP) and in the other ten rats the disc was left intact (sham). The 
wound was closed and the L4 DRGs were harvested after 1 day (5 DP + 5 Sham) and 3 
days (5 DP + 5 Sham). Five L4 DRGs were harvested from non-operated rats (naïve) 
for comparison. RNA was extracted and cDNA was synthesized using commercially 
available kits. Gene expression was analyzed by real-time reverse transcriptase-PCR 
using a pre-designed TaqMan® Rat Inflammation Array containing 96 genes 
associated with inflammation.  
 
RESULTS: In comparison to the naïve animals, sham exposure did not induce 
remarkable changes of more than 5 (day 1) and 7 (day 3) genes. However, there were 
statistically significant changes in 24 (day 1) and 38 (day 3) genes in the disc puncture 
group.  
 
DISCUSSION: It was established that it is possible to retrieve RNA from rat DRGs in 
sufficient amounts to perform genetic analyzes. It was evident that disc puncture 
induced more changes than sham treatment and that the changes were more 
pronounced after 3 days than after 1 day. This information may expand our 
knowledge of the basic pathophysiologic mechanisms behind disc puncture and other 
spinal pain conditions. The ongoing studies will focus on pain genes, other injuries 
and durations as well as changes in gene expression at other levels of the neural 
system.  
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INTRODUCTION: The purpose was to investigate Recursive Partitioning Methods 
(RPMs) for predicting likelihood of improvement from treatment from baseline 
clinically-relevant information.  
 
METHODS: SPORT disc herniation patients were dichotomized as Improvement/No 
Improvement on the SF-36v1 PF scale, with change from baseline based on MCID 
results reported by Spratt (Spine-2009,35-16:1722-31) and recommendations by 
Ostelo et al(Spine-2008,33-1:90-94). RPMs predicted functional change at 1- and 2-
years using 44 baseline predictors including: demographics, HRQOL, herniation 
factors, physical exam, comorbidities, and Dx-specific symptoms. Owing to limited 
sample sizes, K-fold (Jackknife) methods were used to cross-validate the model. 
Separate surgical and non-operative care RPMs were created.  
 
RESULTS: RPMs in the 343 non-operative patients correctly identified 75% of the 79 
patients who demonstrated No Improvement at 1-Year. 61% of 36 patients with leg 
pain [0-2]/6 who reported they were getting worse at baseline reported No 
Improvement. 48% of 25 patients with leg pain [3-4]/6 and joint problems reported 
no improvement. RPMs in the 573 surgical patients correctly identified 45% of the 53 
who reported no improvement at 1-year. For the 56 patients with baseline PF scores 
> 40: a) 32% over 43+ years old reported no improvement; b) 29% < 40 years old who 
also had no motor deficits reported no improvement. Additional 1-year and all 2-year 
results will be reported, but are not summarized here.  
 
DISCUSSION: RPMs provide an easy-to-interpret approach to predicting probabilities 
for defined treatment outcomes. Providing clinically relevant patient-level 
information prior to treatment should be part of the decision making process. 
Treatment decisions based on average patient improvement for a treatment group 
may not provide "best evidence" for individual patients.  
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INTRODUCTION: The factors for the postoperative low back pain (LBP) in lumbar disc 
herniation have not been clarified. We prospectively investigated the patients who 
had received microscopic discectomy in order to detect the factors for the 
postoperative LBP.  
 
METHODS: Fifty-eight patients(20~78 years) who had received microscopic 
hemilateral discectomy for single intervertebral level to cure the radicular lower limb 
pain due to lumbar disc herniation were followed for 12 months(M). Logistic 
regression analysis was performed to determine the factors associated with the 
postoperative LBP at 3, 6 and 12M. Following 10 variables were included in the 
analysis; generation(20s~70s), gender, intetvertebral level, presence of preoperative 
LBP, disc degeneration at a concerned level, progression of disc degeneration for 
each period, signal intensity of the multifidus at an operated side, presence of a 
residual lower limb pain, body mass index and smoking history. Disc degeneration 
was graded on MRI by Pfirmann classification. Signal intensity of the multifidus was 
evaluated by comparing the signal intensity of the operated side to that of the 
opposite side on T2 weighted axial MR images.  
 
RESULTS: LBP at 3M was associated with the presence of preoperative LBP (P=0.011, 
odds ratio 8.2) and was associated with residual lower limb pain (P=0.007, odds ratio 
14.1). LBP at 6M was associated with the presence of preoperative LBP (P=0.05, odds 
ratio 14.0). LBP at 12M was associated with generation (P=0.02, odds ratio 0.567) and 
was associated with residual lower limb pain (P=0.049, odds ratio 6.15). No 
association was detected between LBP and the MRI findings as well as the other 
factors for 12M.  
 
DISCUSSION: Based on these data one should consider that younger patients tend to 
appear postoperative LBP in treatment of lumbar disc herniation. These data also 
indicate that the improvement of postoperative LBP is associated with the 
improvement of lower limb pain.  
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INTRODUCTION: Lumbar radiculopathy involves pain, weakness, and potential limb 
dysfunction following herniation of a lumbar intervertebral disc. Prior work on 
locomotion in a lumbar radiculopathy model showed that rats ambulate with 
decreased stance times on the affected limb following placement of tail nucleus 
pulposus (NP) tissue at the lumbar dorsal root ganglion (DRG). While indicative of 
compensatory gait, little is known about load-bearing following lumbar radiculopathy 
in pre-clinical models or how these parameters compare to human subjects affected 
by disc herniation. In this study, we examine gait mechanics and weight-bearing in a 
rat model of lumbar radiculopathy.  
 
METHODS: Tail NP was collected and right L5 DRGs were exposed in 12 Sprague-
Dawley rats (male, 3 mo). For sham controls, NP was discarded (n=6); for 
experimental animals, autologous NP was placed on the DRG (n=6). Animals were 
evaluated pre-operatively and at 1 week post-operatively for weight-distribution 
(incapacitance meter) and gait (high speed videography and force plate).  
 
RESULTS: High-speed videography revealed gait compensations following NP 
placement on the L5 DRG that were not visible to the naked eye. Gait was 
asymmetric with stance times in the affected limb decreased by 3-5%. These 
adaptations corresponded to reduced vertical impulses, but not peak vertical forces, 
in the affected limb. A 5-7% shift in weight-distribution favoring the affected limb was 
observed during rearing. Gait changes were not observed in sham controls.  
 
DISCUSSION: Our results suggest high-speed gait characterization has value for 
describing early dysfunctions in lumbar radiculopathy models. The gait described by 
high-speed techniques indicates the affected limb is protected from excessive loading 
during locomotion, while static measures of weight-distribution also reveal a 
propensity to protect the affected limb. These measures may be useful for evaluating 
the therapeutic efficacy of potential treatments.  
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INTRODUCTION: In the herniated disc disease, the pain control often becomes a 
clinical issue. This pain is considered to be attributable to the production of pro-
inflammatory cytokines induced by macrophages migrating around the herniated 
lesion, but the details are still unclear. In this study, we assumed that the 
inflammation caused by disc herniation is related to the membrane protein Fas-ligand 
(FasL) and conducted an in vitro analysis.  
 
METHODS: Human nucleus pulposus (NP) cell line was established by a recombinant 
SV40 adenovirus vector. The over-expression of FasL plasmid was induced in this NP 
cell line by electroporation. The NP cell line in which FasL over-expressed and the 
human granulocyte macrophage colony stimulating factor (GM-CSF) cell line were co-
cultured on the different surfaces of polyester membrane with 0.4-µm pores, which 
allow the cells can contact each other. 12 hours after the start of the co-culture, each 
cell was collected, and the expression amounts of pro-inflammatory cytokines (IL-6, 
IL-1β, TNF-α) were estimated with the real-time RT-PCR. 
 
RESULTS: The production of pro-inflammatory cytokines significantly increased in the 
case of the co-cultured cells, differing from the cases of the independent cultures of 
the NP cell line and the GM-CSF cell line. This upward tendency was more remarkable 
in the case with FasL over-expressed NP cell line. Furthermore, it was revealed that 
the production of pro-inflammatory cytokines increased more in the NP cell line than 
in the GM-CSF cell line.  
 
DISCUSSION: FasL is well known as a gene related to cellular apoptosis while its 
relation to inflammatory response is generally unknown. Our study clarified that FasL 
was related to the production of pro-inflammatory cytokines in the co-culture of the 
NP cell line and the GM-CSF cell line. This result indicates that FasL may play an 
important role in the inflammatory pain of the herniated disc disease.  
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INTRODUCTION: Several studies of pain behavior in rodent models of lumbar disc 
hernia have used von Frey plantar stimulation tests to evaluate pain. It is known that 
lower extremity hypoalgesia is clinically observed in lumbar disease. We hypothesized 
that these tests are suitable for evaluating models of lumbar disease. The CatWalk 
system can measure rodent gait parameters and has been used for the evaluation of 
pain in models of allodynia and arthritis, but not lumbar disease. We evaluated a 
model of lumbar disc hernia using von Frey testing and the CatWalk system.  
 
MATERIALS AND METHODS: Ten Sprague Dawley rats were equally divided between 
a treatment group and a sham group. After anesthesia their Co1–2 nucleus pulposus 
was harvested, followed by exposure of their left sciatic nerves. Sciatic nerves were 
pinched for two seconds and treated with the harvested nucleus pulposus; in the 
sham group these procedures were not applied. The two groups were evaluated 
before treatment, and on 4 and 7 days after treatment using both the von Frey test 
and the CatWalk system. Subsequently, their bilateral L4–L6 DRG were resected and 
examined immunohistochemically.  
 
RESULTS: No significant difference was observed between the two groups in von Frey 
tests, whereas using the CatWalk system, there were significant differences in some 
parameters such as stance phase or stand index (p<0.05). Over time, no significant 
difference was also observed in von Frey tests in the hernia group. However, there 
were significant differences in some CatWalk parameters such as maximum intensity 
or stand index (p<0.05). The proportion of calcitonin gene-related peptide-
immunoreactive neurons was higher in the treatment group than in the sham group.  
 
CONCLUSION: CatWalk gait analysis was more suitable for evaluating pain behavior in 
a lumbar disease model in which pain was indicated at a cellular level.  
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INTRODUCTION: Modic changes (MC) are vertebral endplate lesions on magnetic 
resonance imaging (MRI). Inflammatory MC are associated with low back pain. Bone 
scintigraphy is able to detect increased bone turnover related to blood flow and 
degree of osteoblastic activity. The aim of this study was to compare MC observed on 
MRI with bone scan findings.  
 
METHODS: Subjects with at least one MC on lumbar MRI and a bone scan performed 
within 6 months before or after MRI were included. Exclusion criteria were multiple 
metastasis and other specific lesions such as discitis, tumours or fractures. The level 
and type of MC were compared to the degree of tracer uptake on bone scans. The 
tracer uptake was assessed both visually and quantitatively. The ratios of tracer 
uptake between MC with increased bone turnover and normal vertebrae were 
calculated.  
 
RESULTS: The study population consisted of 95 subjects (age 37-86 years) with 313 
MC. The MC included 32 type 1 (M1), 52 mixed type 1/2 (M1/2), 3 mixed type 1/3 
(M1/3), 219 type 2 (M2), 6 mixed type 2/3 (M2/3), and one type 3 (M3). In all, 32 
(100%) of M1, 41 (75%) of combined M1/2 and M1/3, and 19 (9%) of other types 
(M2, M2/3, M3) were positive on bone scan. Mean ratio of positive bone scan lesions 
was 1.47 (SD 0.22) for M1, 1.34 (SD 0.21) for the combined M1/2 and M1/3, and 1.02 
(SD 0.07) for combined types without inflammatory component. The mean ratio of 
positive bone scan lesions was higher for lesions with inflammatory component (M1, 
M1/2 and M1/3) than for other types (p<0.001; ANOVA).  
 
CONCLUSIONS: MC with type 1 component showed increased bone turnover on bone 
scans, which supports the concept that type I lesions represent inflammatory 
reaction of the subchondral bone.  
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INTRODUCTION: Modic changes (MC) are known to be associated with low back pain 
(LBP). Type I changes (M1) represent inflammation and type II (M2) fatty bone 
marrow conversion. It has been suggested that LBP is relieved by conversion of M1 to 
M2. The aim of this study was to investigate the correlation of changes in back 
symptoms and size and type of MC over a two-year follow-up. 
 
METHODS: The subjects (n=49, 88% females, mean age 43.5 years) consisted of 
consecutive chronic LBP patients who had one-level lumbar M1 on magnetic 
resonance imaging (MRI). Exclusion criteria included any specific back disorder, 
previous major back surgery and age >65 years. The size (% of the vertebral body) 
and type (% distribution of all types) of each MC were measured as an average of 
three slices (midsagittal, left and right quarter) from sagittal T1- and T2-weighted 
images at baseline and 2 years. A composite score for average volume of each type 
was calculated. Change in relative volume of each type was correlated with change in 
back symptoms (back pain intensity, Oswestry disability). 
 
RESULTS: At baseline, mean LBP intensity was 6.7 and mean disability score 33.5. 
During the follow-up, pain intensity increased in 11 patients (in average 2.4) and 
decreased in 31 patients (in average -3.5). Correspondingly, disability increased in 14 
patients (in average 12.3) and decreased in 35 patients (in average -13.1). Increase in 
relative volume of M1 correlated positively with change in pain intensity (Spearman’s 
rho 0.346, P=0.015) and disability (Spearman’s rho 0.301, P=0.036), while increase in 
the extent of M2 was related non-significantly to decrease in back pain and disability 
(Spearman’ rho -0.167 and -0.102, respectively). 
 
DISCUSSION: Low back symptoms were aggravated with increase in the extent of 
inflammatory type I MC.  
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INTRODUCTION: Ossification of yellow ligament(OYL) has been recognized as a 
relatively rare cause of thoracic myelopathy. It usually developed at lower thoracic 
spine. The diagnosis of thoracic OYL is usually delayed or missed due to ignorance 
and insidious onset of symptoms; it is usually present with other lumbar spine 
disorders. According to developments of diagnostic tools, incidental discover of 
thoracic OYL has increased even in L spine MRI. However, the epidermiology and 
etiology of OYL remained obscure. We performed this cohort study to find prevalence 
and etiology of thoracic OYL in patients with problems at lumbar spine. 
 
METHODS: All 2425 patients (1319 women, 1106 men) between 6 and 94 years of 
age (mean 57.9 years) who had taken L spine MRI for 2 years were recruited for this 
cohort study. At the result of review, 66 patients with OYL, low signal intensity on the 
T2 sagittal image in posterior aspect of spinal canal, were identified. Medical records 
of these patients were reviewed. We also made a control group (randomized, age 
and sex matched) from same cohort and compared radiological characteristics with 
OYL patients. 
 
RESULTS: The prevalence of OYL among patients with problems of lumbar spine was 
about 2.7% (47 women, 19 men). The OYL at lower thoracic area are more common 
in female and older age. (p<0.0001) 65% were single level involvement and the most 
frequent involved level was T10-T11(43%). In OYL group, Osteophyte formation (odds 
ratio: 6.99) at the level and loss of disc height (odds ratio: 4.09) were more common. 
The more degenerated change of disc at the level was detected in OYL group. The 
thoracolumbar kyphosis and underlying lumbar pathology were not related with OYL. 
 
DISCUSSION AND CONCLUSION: OYL at lower thoracic spine is not rare condition, 
especially in female and older age. Anterior ostephytes, disc space narrowing and 
degenerated changes of disc at the level are risk factors of OYL.  
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INTRODUCTION: The reliability of provocative discography remains controversial. We 
have previously reported that pain relief after discoblock was a useful tool for the 
diagnosis of discogenic low back pain (LBP) compared with discography. However, 
because that report did not link the effectiveness of discoblock with the outcome of 
fusion surgery, we conducted a new study to determine to what extent percentage 
improvement from discoblock predicts postoperative outcome.  
 
METHODS: In 36 patients suffering from severe LBP without sciatica who showed disc 
degeneration (L4/5 or L5/S1) on MRI, we performed discoblocks by injecting 0.75 ml 
of 0.5% bupivacaine into the degenerated discs. We recorded visual analogue scale 
(VAS) scores before and two hours after discoblock and calculated percentage 
improvement. Of these 36 patients, 20 (13 males; 7 females) showed more than 70% 
improvement, which was our diagnostic criterion for discogenic LBP. These 20 
patients were enrolled into the study, underwent posterior lumbar inter body fusion, 
and followed-up for two years. We evaluated the relationship between percentage 
pain improvement from discoblock and the outcome of fusion surgery, using VAS and 
the Oswestry Disability Index (ODI).  
 
RESULTS: The 20 patients with 72 to 100% pain improvement in VAS from discoblock 
all showed significant improvements in VAS and ODI scores two years after surgery 
versus their before surgery scores (p<0.05). Percentage improvements in VAS and 
ODI two years after surgery (mean values 79% and 82%, respectively) correlated 
positively with percentage pain improvement in VAS from discoblock (p<0.05, r= 
0.786).  
 
DISCUSSION: Our study findings showed that discoblock was useful for diagnosing 
discogenic LBP and that percentage pain improvement from discoblock before 
surgery was a predictor of fusion surgery outcomes.  
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INTRODUCTION: Growth of lumbar structures affecting the lumbar lordosis (LL) in 
children vis-a-vis gender has rarely been discussed in the literature. This is an 
important caveat in the process of spinal implant design and diagnosis and 
management of common pathological conditions in adolescents. The aim of this 
study was to compare the shape variation of the supine LL, sacral inclination (SI), and 
VB and IVD sagittal wedging during growth in boys and girls.  
 
METHODS: The supine LL, SI and sagittal wedging of all lumbar (L1-S1) VB's and IVD's, 
were measured twice from T2-weighted MRIs of 100 healthy children (51 boys and 49 
girls), mean age 12-13 years (t0) and following almost three years later (t1) using the 
iQ-VIEW system. Data for Body compositions and pubertal status was collected and 
analyzed.  
 
RESULTS: At t0, most lumbar VB's were significantly more posteriorly wedged in boys 
than in girls (17.1° and 22.2° respectively); however, girls manifested greater supine 
LL and SI (45.2° and 33.6°, respectively) than boys (40.7° and 31.4°, respectively), and 
all IVD's were posteriorly wedged with only the L5-S1 IVD differing between genders, 
being more posteriorly wedged in girls than in boys (mean difference = 2.8°). At t1, 
the SI became greater in boys (35.7°) than in girls (32.5°) yet all other parameters 
became independent of gender including all IVD's (except L5-S1) becoming 
significantly more posteriorly wedged, and more so in boys than in girls (total lumbar 
means differences being 9.0° and 3.8°, respectively).  
 
CONCLUSIONS: During the growth period, lumbar VB's decreased their posteriorly 
wedging process whereas the opposite was observed with the IVD's and the supine LL 
which increased in boys and decreased in girls becoming independent of gender. The 
SI, however, manifested the same process of shape variation becoming greater in 
boys than in girls.  
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INTRODUCTION: The most common reason for a poor surgical result of lumbar spinal 
stenosis is failure to recognize lateral spinal stenosis. It is entirely possible that the 
lumbar spinal nerve can be compressed at two or more sites from the intra-spinal 
canal to the extraforaminal zone. The aim of this study is to introduce the double-
crush syndrome of the 5th lumbar spinal nerve (LSN) as a cause of failed back surgery 
(FBS).  
 
METHODS: The authors retrospectively surveyed 18 surgical failure cases of the 5th 
lumbar radiculopathy. All of them had undergone the laminectomy at L4-5 alone for 
double lesions of 5th LSN without recognition of extraforaminal stenosis at L5-S1. The 
effects of the primary operations were somewhat effective, but not satisfactory for 
these patients. Therefore, additional extraforaminal decompression was undertaken 
for the salvage. The changes of leg pain and walking capacity were examined 
according to the JOA score during the follow-up period to understand clinical features 
of this type of FBS.  
 
RESULTS: The average leg pain and walking capacity scores (full score: 3 points) 
improved immediately after primary operation from 1.06 and 0.67 to 2.00 and 1.87. 
However, sciatica and intermittent claudication were not completely resolved and 
deteriorated with time. Before the salvage, the leg pain and walking capacity scores 
went down to 0.87 and 0.87. After the salvage, those improved to 2.1 and 2.5 again, 
and lasted up to final follow-up. Additional surgery allowed the patients satisfactory 
relief of pain and disability.  
 
DISCUSSION: This fact suggests that double-crush syndrome may exist in surgical 
cases of lumbar spine in the same way as the nerve entrapment syndrome in the 
upper extremity. In order to improve surgical outcome, this disease condition must 
always be taken into account. The treatment should be applied to all the compression 
sites along the course of the 5th LSN from the intra-spinal canal to the extraforaminal 
zone.  
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INTRODUCTION: Sagittal imbalance is compensated by spino-pelvic compensatory 
mechanisms. Spinal degeneration decreases the spinal flexibility and causes the 
spino-pelvic malalignment, which results in postural distortion. However, there has 
been very few studies on differences in compensatory kinematic mechanisms 
between the elderly and young adults. This study is to evaluate the sagittal spino-
pelvic parameters during sitting and upright position in the elderly and young adults.  
 
METHODS: We analyzed 50 asymptomatic young adults and 20 elderly patients with 
degenerative spinal disease. The following parameters were measured on the lateral 
radiographs in standing and sitting position: lumbar lordotic angle (LLA), sacral slope 
(SS), pelvic tilt (PT) and pelvic incidence (PI).  
 
RESULTS: In the young volunteers, standing position showed larger LLA (32.9±11.0°) 
and SS (37.0±7.3°), but smaller PT (9.7±7.3°) compared with sitting position 
(14.9±12.7°, 18.6±10.8°, 28.0±10.8°, respectively). This tendency was similar in the 
elderly (LLA, 28.9±10.0° in standing and 19.0±10.7° in sitting, SS, 32.0±8.1° and 
21.1±10.5°, PT, 16.1±6.9° and 28.0±12.0°). PI showed no significant difference 
between the elderly (47.3±11.4°) and the young adults (46.9±9.8°). As to the change 
of the spino-pelvic parameters from sitting to upright position, the elderly showed 
smaller change in LLA, SS and PT than the young adults.  
 
DISCUSSION: Degenerative spine reduced the lumbar lordosis and pelvic kyphosis in 
standing as well as sitting position. In the elderly, the spino-pelvic compensatory 
mechanism was reduced to about a half in changing the posture, while the pelvic 
morphologic angle was not different compared with the young adults. It suggests that 
the unconsidered lumbosacral fusion for elderly patients causes secondary problems 
in sacroiliac or hip joints.  
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INTRODUCTION: The efficacy of therapeutics for intervertebral disc (IVD) repair is 
often evaluated using imaging modalities in animal models. Disc height has been 
frequently determined using plain radiography; however, µCT has higher resolution 
and allows 3D assessment, requiring more rigorous analysis. In the present study, we 
compare two methods of determining disc height, plain radiography and µCT, to 
establish reproducibility, inter-method correlation, and sensitivity of each method to 
change in rabbit disc height after injury.  
 
METHODS: NZW rabbits received anuluar puncture (L2/3 and L4/5) and were 
sacrificed 1 (n=4) or 3 (n=3) mo later. Before sacrifice, lateral radiographs were 
obtained and the disc height index (DHI=disc/vertebral body height) was calculated. 
After sacrifice, µCT data (35 µm) was obtained and disc height distribution (DHD) was 
determined (Fig.A) over regions of interest (Fig.BC). The measures were normalized 
to values at L3/4. Reproducibility was determined as standardized coefficient of 
variation (sCV). Inter-method correlation was determined by linear regression of DHI 
with regional DHD.  
 

 

RESULTS: sCV were 7.3% (DHI) and 1.9% (DHD). Map of DHD (Fig.A) showed a thinner 
central region compared to the periphery. DHD of the whole disc (Fig.B) correlated 
strongly with DHI (R2=0.59, p<0.0001, slope=0.89). The mean values of DHD and DHI 
were significantly different (each p<0.05), however. In comparing 1 and 3 mo data, 
while DHD tended to decrease with time (p=0.15) in a region-dependent manner 
(p=0.08), DHI did not (p=0.7). (cont’d) 
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DISCUSSION: The results of this study confirm that DHD using µCT is a reproducible 
and precise method that allows determination of regional disc height in rabbits. DHD 
complements DHI, which is more cost effective for longitudinal measurements. 
Differences in values from the two methods may be due to posture change and 
absence of muscle tonus due to postmortem spine extraction. 
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INTRODUCTION: Osteoporotic vertebral fractures (OVF) of lumbar spine are well 
known to occasionally cause radiculopathy and/or cauda equina syndrome by 
retropulsion of posterior wall into spinal canal. Bony fragments retropulsed into 
neural foramen might cause severe radicular pain, but little is known about this 
disease condition. The current study aims to reveal clinical features of radiculopathy 
related to OVF in middle and lower lumbar spine.  
 
METHODS: Twenty OVF patients (2 male, 18 female, average age 76) with 
radiculopahty underwent surgery between 2005 and 2010. Fracture configuration 
was examined using MRI and CT scans. Selective nerve root injections were utilized to 
identify the level of affected nerve root. Surgical exploration was performed to 
determine the main lesion of nerve root compression by fracture fragments.  
 
RESULTS: Fracture levels were L3 in 4 cases, L4 in 12 cases and L5 in 4 cases. 
According to the result of selective nerve root injection, the main lesion of root 
compression was neural foramen in 11 cases (NF group), and spinal canal in 9 cases 
(SC group). Preoperative ambulatory status was significantly different between two 
groups. Average walking distance in SC group was 32 m, and 0.2 m in NF group. In 3 
of 11 cases in NF group, nerve root compression by bony fragment wasn't detected 
by MRI and CT scans, and finally determined by surgical exploration after foraminal 
decompression procedure.  
 
DISCUSSION: The current study demonstrated clinical features of radiculopathy 
related to OVFs. Severe walking disability due to leg pain will be presented in 
neuroforaminal lesion even if bony fragment was small. MRI and CT scans have 
limitations to evaluate dynamic factor in neuroforaminal lesion. Selective nerve root 
injection is effective diagnostic tool for evaluating the level of affected nerve root. 
We advocate paying special attention to neuroforaminal lesions when the patients 
with OVF have ambulatory disability due to severe radicular pain.  
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INTRODUCTION: The purpose of this study was to investigate quantitative evaluation 
of intervertebral disc degeneration using diffusion-weighted imaging (DWI) based on 
MR imaging (MRI).  
 
METHODS: A total of fifteen patients with low back pain including nine patients with 
lumbar disc herniation (LDH) and six patients without LDH were studied. In patients 
with LDH, but without sciatica, quantitative evaluations were followed up by DWI 6 
months after the onset of symptoms. There were seven patients with LDH at levels 
L4–L5 and two with herniation at L5–S1. The intervertebral disc degeneration on T2 
axial MRI was divided into 4 stages as reported by Pfirrmann. DWI was performed 
using a whole body imaging with background body signal suppression (DWIBS) and a 
b value of 1000 s/mm2. ROIs were placed in the nucleus pulposus of intervertebral 
discs in axial ADC maps and mean ADC values were calculated.  
 
RESULTS: ADC values for intervertebral discs decreased significantly with increasing 
degenerative change. In patients with lumbar disc herniation, the intervertebral disc 
degeneration was not observed on T2 MRI using Pfirrmann classification, but ADC 
values of discs associated with LDH decreased significantly in patients with LDH.  
 
DISCUSSION: In this study, ADC values of intervertebral discs decreased with their 
increasing degenerative change. DWI has the potential to be used as a tool for the 
early diagnosis of degenerative intervertebral discs.  
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INTRODUCTION: The purpose of this study is to investigate Trendelenburg sign (T-
sign) among patients presenting lumbosacral radicular symptoms caused by lumbar 
spinal disease.  
 
METHODS: We selected 96 patients who underwent MRI for lumbosacral radicular 
symptoms, and 84 patients underwent surgery. Patients involved more than two 
levels or a large lesion that could compress more than two nerve roots of different 
levels were excluded from this study. 18 patients presented symptoms in both lower 
extremities, and T-sign was investigated by their medical records in 114 legs. None 
had another lesion responsible for positive T-sign. Definitive diagnosis was disc 
herniation in 39 patients (including extraforaminal lesion), lateral canal stenosis in 47 
patients, lytic spondylolisthesis in 7 patients, and synovial cyst in 3 patients. 
According to MRI, L4 nerve root was involved in 15 legs (Group L4), L5 nerve root in 
88 legs (Group L5), and S1 nerve root in 11 legs (Group S1).  
 
RESULTS: T-sign were positive for 33% (5/15) in Group L4, 34% (30/88) in Group L5, 
and 9% (1/11) in Group S1. There were no statistical significant differences for 
positive T-sign between these groups. Additional investigation for the patients in 
Group L4 and S1 revealed that there were statistical significant differences between 
positive and negative T-sign in relation to discrepancy between the level of the lesion 
and neurological findings. Nerve root anomaly was identified in one patient in Group 
L4 presenting positive T-sign.  
 
DISCUSSION: The most powerful hip abductor, gluteus medius is supplied by the 
superior gluteal nerve (L4, 5, and S1), and the L5 nerve root has the strongest 
representation in this muscle. In case T-sign is positive caused by lumbar spinal 
disease at the level of L4 or S1 nerve root involvement, this suggests there are 
changes in segment of lumbosacral nerve root.  
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INTRODUCTION: Since the fabere sign (flexion, abduction, external rotation and 
extension), the so-called Patrick test, indicating osteoarthritis of the hip (OAH) and 
excluding sciatica was first reported in1917, the Patrick test has been used 
extensively to diagnose OAH. However, few papers have so far investigated the utility 
of the test to differentiate OAH from sciatica. The objective of this study was to 
assess the validity of the Patrick test.  
 
METHODS: The subjects included 23 male and 114 female patients (43-89years) 
treated by total hip arthroplasty due to OAH and 84 male and 50 female patients (16-
76years) that underwent a herniotomy due to sciatica from a herniated lumbar disk 
(LDH). Patients with fractures, infections and the coexistence of OAH and LDH were 
excluded. The diagnostic accuracy of the Patrick test was investigated in the OAH 
groups. The Patrick test was done to assess the presence of pain and of limitation of 
the fabere position.  
 
RESULTS: Sensitivity of the Patrick test in OAH was 0.93, and specificity 0.84. Positive 
and negative likelihood ratios were 6.0 (95% CI: 4.57-7.444) and 0.07(95% CI: 0.037-
0.122), which are statistically significant values for ruling OAH in or out. The pain rate 
was 71% in OAH, 12% in LDH (P<0.01). The pain regions of the two groups were: 
groin: buttock: radiated calf = 50%:12%:0% in OAH, 0.7%:13%:1.5% in LDH (including 
overlapping cases).  
 
DISCUSSION: The Patrick test was demonstrated to be very sensitive for the 
detection of OAH and quantitatively useful to differentiate OAH from LDH (sciatica). 
However, based on the fact that the buttock pain rate was 12% in OAH and 13% in 
LDH, it must be interpreted in caution in the patients with buttock pain in the two 
groups.  
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INTRODUCTION: Modic changes (MC) are bone marrow and vertebral endplate 
lesions seen on magnetic resonance imaging (MRI). They are associated with low back 
pain (LBP). Health-related quality of life (HRQoL) has been widely studied among 
patients with LBP, but the effect of MC on HRQoL is not known. We assessed the 
relationship between MC and HRQoL among patients referred to spine surgery.  
 
METHODS: The subjects were 136 patients referred to lumbar spine surgery in 
Northern Finland. The HRQoL was assessed with RAND-36 questionnaire. Lumbar MC 
were evaluated and classified into 'No MC', 'Type I or I/II', and 'Type II, II/III or III'. 
Differences in HRQoL between groups were compared using analysis of covariance 
(ANCOVA). Post-hoc testing of univariate comparisons was made with Sidak's test.  
 
RESULTS: In total, 62 patients (46%) had MC. Of these 34% had type I or I/II and 66% 
type II, II/III or III. Patients with MC were older, more likely females, had longer 
duration of LBP, and had a higher degree of disc degeneration than patients without 
MC. The total mental component of RAND-36 (P=0.020), and dimensions of energy 
(P=0.030) and emotional wellbeing (P=0.013) differed significantly between the 
groups after adjustments for age and gender, whereas the total physical component 
or physical dimensions did not differ significantly between the groups. In the mental 
dimension scores, a statistically significant difference was localized between 'No MC' 
and 'Type II, II/III or III' by pairwise comparisons. In the full model (adjustments for 
age, gender, duration of LBP and sum score of disc degeneration) no significant 
differences were observed but total mental component and emotional role 
functioning were of borderline significance (P=0.093 and 0.084, respectively).  
 
DISCUSSION: MC may be associated with the mental status of HRQoL among patients 
referred to spine surgery.  
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INTRODUCTION: This study examines the anatomic proportions of the interspinous 
space and the spinous processes, considering the optimal placement of an 
interspinous spacer.  
 
METHODS: Between January 2008 and December 2009, 565 patients undergoing 
computed tomography (CT) scans of the abdomen for various reasons were collected 
retrospectively for the study. Using the CT scan data, spinous processes of the lumbar 
spine L1-5 and the interspinous spaces T12-L5 were measured.  
 
RESULTS: The average measured interspinous space was 9.1 ± 2.5 mm. This space 
became significantly (p<0.001) smaller from anterior to posterior. Average cortical 
thickness of all lumbar spinous processes was 2.5 ± 0.5 mm. Cortical thickness 
decreased significantly (p<0.001) from anterior to posterior. The cortex of the 
spinous processes from L2 (2.67 ± 0.45 mm) and L3 (2.66 ± 0.94 mm) was significantly 
thicker (p<0.001) than that of the others. The spinous process of L5 had the thinnest 
(p<0.001) cortex (2.10 ± 0.41 mm), as well as the smallest (p<0.001) volume (3.0 ± 1.0 
ml) and the shortest (p<0.001) height (16.6 ± 3.6 mm).  
 
DISCUSSION: The spinous processes of L2 and L3 are the largest and sturdiest, and 
that of L5 is the weakest. The L4/5 segment features the smallest interspinous space 
with the thinnest cortex of all lumbar spinous processes. Because the interspinous 
space narrows posteriorly and the cortex is thicker anteriorly, it seems the best 
anatomic position for a stand alone interspinous spacers is anterior.  
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INTRODUCTION: The treatment of degenerative disc disease is one of the most 
challenging clinical problems facing the spine surgeon. Activated platelets are known 
to release several kinds of growth factors that contribute to tissue repair. Serum 
isolated from platelet-rich-plasma (PRP-serum) has recently been demonstrated to 
influence the metabolism of intervertebral discs in vitro and in vivo. Based on a 
preclinical study, we performed a preliminary clinical trial to determine the safety 
and efficacy of an intradiscal injection of autologous PRP-serum in patients with 
discogenic low back pain.  
 
METHODS: Inclusion criteria for this study included chronic low back pain without leg 
pain for more than 3 months; one or more lumbar discs (L3/L4 to L5/S1) with 
evidence of degenerative changes on magnetic resonance imaging (MRI); and at least 
one symptomatic disc confirmed using standardized provocative discography. PRP-
serum, isolated from clotted PRP, was injected (2.0 ml) into the center of the nucleus 
pulposus. Outcome measures included the visual analog scale (VAS), Roland-Morris 
Disability Questionnaire (RDQ), X-ray and MRI (T2-quantification).  
 
RESULTS: Data were analyzed from 6 patients (3 men, 3 women; mean age 34.4 
years-old) who had completed 6 months follow-up. After treatment, no patient 
showed adverse events or significant narrowing of disc height. The mean pain score 
before treatment was significantly decreased at one month (VAS score: 7.1±1.2 to 
1.8±2.0, p<0.01; RDQ score: 11±1.8 to 3.2±2.4, p<0.01); this was sustained for six 
months after treatment. The mean T2 values did not change significantly after 
treatment (p=0.18).  
 
DISCUSSION: The intradiscal injection of autologous PRP-serum in patients with low 
back pain has been shown to be safe and effective for six months after treatment. 
Future long-term follow-up and/or randomized control studies should be performed 
to evaluate the effects of this therapy.  
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INTRODUCTION: To reduce the socioeconomic burden of persistent low back pain 
(LBP), factors that influence the progression of acute LBP to the persistent state must 
be identified at an early stage.  
 
METHODS: Prospective inception cohort study of patients attending a health 
practitioner for their first episode of acute LBP or recurrent LBP after a pain free 
period of at least six months. Patients were assessed at baseline addressing 
occupational and psychological factors as well as pain, disability, quality of life and 
physical activity, and followed up at three, six, twelve weeks and six months. Baseline 
and follow-up questionnaires were based on the recommendations of the 
Multinational Musculoskeletal Inception Cohort Study (MMICS) Statement. Variables 
were combined to the three indices ‘working condition’, ‘depression and maladaptive 
cognitions’ and ‘pain and quality of life’.  
 
RESULTS: The index ‘depression and maladaptive cognitions’ comprising of 
depression, somatisation, a resigned attitude towards the job, fear-avoidance, 
catastrophizing and negative expectations on return to work was found to be a 
significant baseline predictor for persistent LBP up to six months (OR 5.1; 95%CI 1.04-
25.1). The diagnostic accuracy of the predictor model had a sensitivity of 0.54 and a 
specificity of 0.90. Positive likelihood ratio was moderate with 5.3, negative likelihood 
ratio 0.5. Overall predictive accuracy of the model was 81%. The area under the curve 
in receiver operating characteristic (ROC) analysis of the index was 0.78 (CI95% 0.65-
0.92), demonstrating a satisfactory quality of discrimination.  
 
DISCUSSION: In this study of patients with acute LBP in a primary care setting 
psychological factors at baseline correlated with a progression to persistent LBP up to 
six months. The benefit of including factors such as ‘depression and maladaptive 
cognition’ in screening tools is that these factors can be addressed in primary and 
secondary prevention.  

  



GENERAL POSTERS 
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INTRODUCTION: The superior cluneal nerve (SCN) becomes superficial by passing 
through the thoracolumbar fascia. Previous anatomical studies have indicated that 
branches of the SCN pass through the fascia below the iliac crest. Maigne reported on 
entrapment of the medial branch of the SCN in the space between the iliac crest and 
the fascia (the osteofibrous orifice or tunnel) as a cause of low back pain (Surg Radiol 
Anat. 1989). In their subsequent surgical study, successful results were obtained even 
when severe entrapment was observed during surgery (Spine. 1997). The purpose of 
this study was to investigate the running courses of the branches of the SCN over the 
iliac crest and to ascertain the frequency of SCN entrapment in the osteofibrous 
tunnel. 
 
METHODS: The medial, intermediate and lateral branches of the SCN were dissected 
in 89 investigable specimens from 49 formalin-preserved cadavers (22 male and 27 
female; average age at death 84.2 years; range 67-103 years). All branches of the SCN 
were exposed at the points where they perforated the fascia. The presence or 
absence of an osteofibrous tunnel in their running courses was recorded. 
 
RESULTS: Forty-two of the 89 specimens had no osteofibrous tunnel (47.2%). The 
other 47 had at least one branch running through an osteofibrous tunnel. Thirty-
three out of 89 medial SCN branches (37.1%), 23 intermediate branches (25.8%) and 
7 lateral branches (7.9%) passed through an osteofibrous tunnel. Severe entrapment 
in the osteofibrous tunnel was observed in only two specimens, both in the medial 
branch. 
 
DISCUSSION: Although Maigne noted that only the medial branch of the SCN passed 
through an osteofibrous tunnel, we found that not only the medial, but also other 
branches of the SCN became superficial by passing over the iliac crest through an 
osteofibrous tunnel. The incidence of entrapment in osteofibrous tunnels was 3.2%.  
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BACKGROUND: Intervertebral disc degeneration related low back pain is a major 
cause of disability which in turn impacts the person and society adversely. Bone 
morphogenetic proteins (BMPs), including BMP13, have been suggested as potential 
therapies for the restoration and regeneration of IVD tissue. This study was 
undertaken to investigate the expression and localization of BMP-13 and its receptors 
(BMPRs) in human IVD tissue. 
 
METHODS: Fresh human IVD tissue was collected from 20 patients (age 41±11 years) 
undergoing spinal surgery. Of these, 12 IVDs were obtained from patients with 
degenerative disc disease and 8 IVDs, collected from patients with scoliosis, served as 
non-degenerate discs. The expression profile of BMP13, BMP receptors (TGFâR, 
BMPRIA, BMPRIB, BMPRII ActRI and ActRII) and BMPR inhibitor (noggin) in IVD tissue 
was evaluated using real-time reverse transcription-polymerase chain reaction (qRT-
PCR) and immunohistochemical (IHC) analyses. 
 
RESULTS: qRT-PCR revealed that the mRNA expression of BMPRII, ActRI, ActRII and 
noggin was significantly up-regulated in degenerate discs compared to non-
degenerate discs. However, the mRNA of BMP13, TGFâR, BMPRIA and BMPRIB was 
expressed at similar levels in both degenerate and non-degenerate discs. 
Immunohistochemical staining revealed that the protein expression of BMP13 and its 
receptors in the chondrocyte-like cells of nucleus pulposus and end plate tissue and 
fibrocyte-like cells of annulus fibrosus tissue was similar in both degenerate and non-
degenerate discs. 
 
CONCLUSION: This study demonstrates that BMP13 and its receptors are widely 
expressed in both degenerate and non-degenerate IVD cells, implicating their 
importance in normal intervertebral disc homeostasis. Specifically, the up-regulation 
of BMPRII, ActRI, ActRII mRNA in degenerated disc tissues suggests regulation by 
BMP signal transduction pathways, which may play a role in intervertebral disc 
regeneration.  
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INTRODUCTION: Intervertebral disc herniation may contribute to nerve root 
compression or inflammatory processes that are associated with radicular pain and 
motor deficits. Molecular changes at the affected dorsal root ganglion (DRG), spinal 
cord, and even midbrain, have been documented in rat models of radiculopathy or 
nerve injury.1,2,3,4 The objective of this study was to evaluate the expression of key 
pain receptors in the midbrain of rats after radiculopathy to test the hypothesis that 
DRG injury can promote molecular changes in the midbrain.  
 
MATERIALS AND METHODS: Tail nucleus pulposus (NP) was harvested and right L5 
DRG were exposed in 12 Sprague-Dawley rats. Tail NP was either discarded (sham, 
n=6) or placed on the DRG (NP-treated, n=6). At 1 and 4 weeks after DRG injury, 
midbrains were sectioned and tested for immunoreactivity to serotonin (5HT2B), mu-
opioid (μOR), and metabotropic glutamate (mGluR4 and 5) receptor antibodies. 
Quantitative analysis was performed on all immunostained images and compared to 
naïve controls.  
 
RESULTS: Increased expression of μOR and mGluR5 was observed in the 
periaqueductal gray (PAG) region of NP-treated rat midbrains at 1 and 4 weeks post-
surgery. In contrast, there was an increased expression of mGluR5 in the PAG region 
of sham animal midbrains at 1 week that returned to naïve levels by 4 weeks. An 
increased expression of 5HT2B was observed in NP-treated rats at 1, but not 4 weeks. 
No changes were observed in expression level for mGluR4 of sham or NP-treated 
animals at any time point.  
 
DISCUSSION: These observations support the hypothesis that the midbrain responds 
to injury at the DRG with a transient and adaptive change in receptors regulating pain 
mechanisms.  
 
REFERENCES: 1. Winkelstein BA et al. J Comp Neurology, 2001. 2. Olmarker K et al. 
Spine, 2002. 3. Otoshi K et al. Spine, 2009 4. Liu et al. Neuroscience, 2002.  
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INTRODUCTION: Sitting lateral and supine position radiographs are useful to make a 
diagnosis of osteoporotic vertebral fracture and useful to evaluate intravertebral 
motion. The purpose of this study was to indicate correlation between fracture site 
instability and degrees of back pain using sitting lateral and supine position 
radiographs in conservatively treated osteoporotic vertebral fracture.  
 
METHODS: Forty consecutive patients who were injured thoracolumbar osteoporotic 
vertebral fractures were followed for 12 weeks. There were 2 males and 38 females 
and 77 years old in average. Fracture site instability was measured by the difference 
of anterior/posterior vertebral body height ratio between sitting lateral and supine 
position radiographs (ΔA/P) as radiographic parameters. Weekly average of 100-mm 
visual analog scale (VAS) was used as level of back pain. Radiographic parameters and 
VAS score were assessed within 2, 4, 8, 12weeks after injury. At 12 weeks after injury, 
the patients who complained back pain 30 mm or more were categorized into pain 
group (Group P). The other patients were classified into non-pain group (Group N). 
The Mann-Whitney U test was utilized to evaluated the differences of ΔA/P between 
both groups. The spearman correlation coefficient was used to test relationships 
between ΔA/P and degrees of VAS score.  
 
RESULTS: The mean VAS score was 51, 40, 29, 25mm (at initial, 4, 8, and 12 weeks 
after injury). There were16 patients (40.0 %) in Group P and 24 (60.0 %) in Group N. 
There was not a significant correlation in ΔA/P between Group P and Group N (13.4 
vs 9.9 at initial, 10.1 vs 10.4 at 4w, 7.1 vs 7.6 at 8w, 11.1 vs 10.3 at 12w). There was 
not a significant correlation betweenΔA/P and VAS score (r=0.232, p=0.16 at 4w, 
r=0.183, p=0.35 at 8w, r=0.106, p=0.67 at 12w).  
 
DISCUSSION: In the current study, there was not a significant correlation between 
the degrees of fracture site instability and the degrees of back pain.  
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INTRODUCTION: LBP is common already in adolescence but the association between 
degenerative imaging findings and low back symptoms at early age is not well known.  
 
METHODS: Young adults (n=874) were invited to lumbar magnetic resonance imaging 
(MRI;1.5-T scanner) at a mean age of 21 years. Both questionnaire data and MRI 
scans were available for 554 subjects. Data on low back symptoms and functional 
limitations at the age of 18, 19 and 21 years was used for clustering of subjects using 
Latent Class Analysis (LCA). The prevalences and 95% confidence intervals (CI) of MRI 
findings were compared between the pain clusters. Logistic regression analysis with 
adjustments for the degree of disc degeneration (DD) and gender was used to 
evaluate the association between specific imaging findings and low back symptom 
severity.  
 
RESULTS: LCA produced five clusters: Subjects in 'Always Painful' cluster (n=65) had 
been painful at all time points, in 'Recent Onset Pain' (n=56) had increasing symptom 
severity, 'Moderately Painful' (n=73) intermediate symptoms, while in 'Minor Pain' 
(n=193) and 'No Pain' (n=167) clusters minor or no symptoms, respectively. The 
prevalence of HNP was 21 % (18 % protrusions, 3 % extrusions), SN 17 %, RT 6.1 %, 
HIZ 3.2 %, SLD 5.8 % and MC 0.7 %. HNP were observed more likely in the two most 
painful clusters compared to the two least painful clusters (p<0.001). In the logistic 
regression analysis, HNP were associated with the membership of the two most 
painful clusters (OR = 2.5; 95 % CI 1.4-4.5). The other specific MRI findings were not 
associated, independently of the degree of DD, with symptom severity.  
 
CONCLUSIONS: HNP occurred most likely in the subjects with recent onset or 
persistent low back symptoms. However, HNP were also detected in subjects with no 
symptoms. Thus, the clinical relevance of HNP must be evaluated in the context of 
symptoms.  
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OBJECTIVES: To determine the prevalence rate of spondylolysis in an unselected 
adult community-based populations in Korea and to evaluate the association of 
spondylolysis with low back pain (LBP).  
 
SUMMARY OF BACKGROUND DATA: Spondylolysis is prevalent in general population; 
however, the prevalence of spondylolysis and its relationship with LBP is 
controversial in Korean population.  
 
METHODS AND MATERIALS: A sample of eight hundred fifty five participants (age: 20 
to 86 years) from our medical center and who underwent multidetector CT imaging 
to assess abdominal and urological lesions were included in this study. The 
occurrence of LBP needed medication in the preceding 12 months was evaluated 
using a self-report questionnaire (a modified Nordic Low Back Pain Questionnaire). 
The presence of spondylolysis was characterized by the CT imaging. We used multiple 
logistic regression models to examine the association between spondylolysis and LBP, 
while adjusting for gender and age.  
 
RESULTS: Seventy-eight study subjects (9.12%) demonstrated spondylolysis on the CT 
imaging. There is statistically significant difference among gender(p=0.033) but no 
statistically significant difference among age group(p=0.177). Three hundred eleven 
study subjects (36.37%) had back pain. There is statistically significant difference 
among gender(p=0.001). No significant association was identified between 
spondylolysis and the occurrence of LBP.  
 
CONCLUSIONS: The prevalence of LBP is 36.37% and the prevalence of lumbar 
spondylolysis based on the CT imaging is 9.12% among an unselected community-
based Korean population. Male demonstrated a significantly greater presence of LBP 
compared to female(p=0.001) and a significantly greater of presence of 
spondylolysis(p=0.033).  
The prevalence rate of spondylolysis demonstrated no significant association with the 
presence of LBP and age group in adulthood.  
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INTRODUCTION: Studies involving factor analysis of the items in the North American 
Spine Society Lumbar Outcome questionnaire (NASS-L) have revealed different factor 
structures for the 17 items. This study examined whether the factor structure of the 
NASS-L varied in relation to the severity of the back problem by analysing data before 
and at various time-points after surgery in a large series of patients with low back 
pain undergoing lumbar disc arthroplasty.  
 
METHODS: The questionnaire data were analysed from 619 lumbar spine patients 
before surgery, 258 at 6 weeks follow-up (FU) and 400 at 12 months FU, collected in 
connection with the SWISSSpine lumbar disc arthroplasty registry. At each time-
point, factor analysis with varimax rotation was carried out on the17 items in the 
NASS-L. 
 
RESULTS: Before surgery, factor analysis revealed three factors for the NASS-L that 
accounted for 38%, 15% and 7% variance in the scores, respectively (total 60%). The 
first factor contained items on "radiating pain/neurological symptoms", the second 
on "disability", and the third on "back pain". At all postoperative follow-ups, a two-
factor structure similar to the original version was found, accounting for up to 74% 
variance, with factors "back pain and disability" and "radiating pain/neurological 
symptoms".  
 
DISCUSSION: Pain and disability are often considered to be different domains that 
should be assessed as separate outcomes in patients with low back pain. 
Preoperatively, the items that normally reside in the NASS- L domain "pain and 
disability" loaded on two separate factors, "back pain" (2 items) and "disability" (9 
items). At every follow-up, however, pain and disability items loaded on one factor, 
suggesting that these items deliver similar information once the back problem has 
been treated and symptoms are reduced. Further studies should analyse the 
sensitivity to change of these differently formed sub-domains of the NASS-L.  
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INTRODUCTION: It is known that puncture of an intervertebral lumbar disc in the rat 
induces specific pain behavior changes. However, it is not clear if the changes are 
induced by the leaking nucleus pulposus or by the disc puncture per se. A previous 
study indicated that the presence of nucleus pulposus in the spinal canal was more 
important than the disc injury per se to induce such changes. The present study was 
undertaken to study if a ventral disc puncture could induce similar pain behavior 
changes.  
 
METHODS: Twenty rats were used in the study. Following anesthesia the abdomen 
was opened. The L4-5 intervertebral disc was localized just caudal to the left renal 
vein. In ten rats the disc was punctured and in ten rats the disc was left un-
punctured. Pain behavior was studied by videotaping the rats for ten minutes 
through the transparent floor in specially designed cages. The pain behavior 
assessment focused on “wet-dog shakes” and grooming, two behaviors that 
previously has been found to change following dorsal disc puncture.  
 
RESULTS: There was no difference in pain behavior between punctured and non-
punctured rats.  
 
DISCUSSION: It was earlier demonstrated that superficial disc injury on the dorsal 
aspect of the intervertebral disc in rats did not induce any pain behavior changes 
whereas disc puncture and application of nucleus pulposus from a donor rat induced 
changes in “wet dog shakes” and grooming (ISSLS 2008). The results that ventral disc 
puncture does not produce any pain behavior changes further supports the 
impression that it is the intra spinal presence of nucleus pulposus that is responsible 
for producing the pain behavior changes and not the disc injury induced by the 
puncture per se.  
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INTRODUCTION: Discogenic back pain is a common clinical problem but because its 
pathogenesis is not clear, the diagnosis of this condition is inaccurate. Various 
cytokines have been found to be elevated in herniated and degenerated discs, which 
are thought to play a role in producing pain. We hypothesize that the cytokine 
interleukin (IL)-8, found in intervertebral disc (IVD) tissues from patients with 
discogenic back pain, may stimulate primary sensory neurons in the dorsal root 
ganglia (DRG).  
 
METHODS: IVD tissues from patients who underwent surgery for either discogenic 
pain confirmed with discography (painful discs) or spinal deformity reconstruction 
(control discs) were collected and paired according to MRI grade. Using cytokine 
array analysis, cytokine levels in the painful and control discs were compared. Among 
the 42 cytokines studied, there was a trend for IL-8 levels to be elevated in patients 
with discogenic back pain (p= 0.19). To determine if IL-8 could stimulate the release 
of neurotransmitters, DRG cells were isolated from young adult New Zealand White 
rabbits and cultured in monolayer. On day 6 of culture, cells were treated with media 
containing recombinant human IL-8(rhIL-8) or media only (control) for 1 hour. 
Substance P released into the media was quantified using Enzyme-linked 
Immunoassays (ELISAs).  
 
RESULTS: There is a trend for IL-8 to be elevated in IVD tissues from patients with 
discogenic back pain. Substance P, known to be related to pain perception, was 
measured in the culture media after DRG neurons were stimulated with IL-8. There 
was a 3-fold increase of Substance P levels in response to IL-8 treatment when 
compared with control levels.  
 
DISCUSSION: IL-8, a chemotactic cytokine, showed a trend towards being elevated in 
patients with discogenic back pain. Importantly, rhIL-8 stimulated Substance P 
release from cultured DRG cells. Taken together, these data suggest that IL-8 may 
play a role in discogenic back pain.  
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INTRODUCTION: Patients with osteoporotic vertebral fractures (OVFs) demonstrate a 
variety of pain distribution and pattern. The pain often spreads over the fracture site 
and radiates to the remote regions. We analyzed modes of pain presentation in OVFs, 
and differences between acute fresh fractures and chronic vertebral non-unions.  
 
METHODS: We investigated initial symptoms at the first visit in 66 patients with a 
single level fresh OVF, and preoperative symptoms in 43 patients with a single level 
chronic non-union treated by vertebroplasty. The association between the pain 
drawing and fracture level was also analysed.  
 
RESULTS: The most painful activity of daily living was lying down on and getting up 
from the bed in 98.5% of fresh fracture and in 44.2% of non-union groups, followed 
by continuous standing or sitting in 1.5% of fresh fracture and 36.5% of non-union 
groups. In both groups, the pain was likely to be presented more caudally and 
laterally from the fracture site. Thoracolumbar (T11-L1) fracture in both groups 
caused pain in mid-lower lumbar and buttock regions, and sometimes in the side and 
anterior abdominal wall. In the lumbar level(L2-5) fractures, low back and buttock 
pain was most common in both groups. However thigh pain was also noted in 27% of 
the fresh fracture and 33% of the non-union groups.  
 
DISCUSSION: Thoracolumbar fractures often mimicked the pain distribution of the 
lower lumbar degenerative disorders. Conversely, complains of lower lumbar and 
buttock pain in elderly patients can not exclude the possibility of thoracolumbar 
OVFs. Lumbar fractures sometimes mimicked radicular pain in the thigh. In the fresh 
fractures, dynamic fracture mobility elicited by lying down on and getting up from the 
bed was the primary pain generator. In the severely collapsed vertebral non-union, 
the primary pain mechanism was not only dynamic fracture mobility but also the 
local angular kyphosis, which might cause back muscle fatigue pain.  
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INTRODUCTION: Maigne reported that entrapment of the superior cluneal nerve 
(SCN) in osteofibrous tunnels between the iliac crest and the thoracolumbar fascia 
could cause low back pain (LBP) (Surg Radiol Anat. 1989). LBP was successfully 
treated by surgically opening the osteofibrous tunnel (Spine. 1997). The purpose of 
this study is to ascertain the frequency and the features of entrapment neuropathy of 
the SCN. 
 
METHODS: Two hundred and eighty-five patients (132 male and 153 female; average 
age 62.4 years) suffering from LBP, radiating posterior leg pain or numbness were 
investigated. Suspected SCN entrapment was defined as cases where LBP, pain or 
numbness radiating from the buttock to the posterior leg reproduced by palpation of 
the trigger point above the posterior iliac crest approximately 7cm from the midline. 
Patients with the diagnostic features of SCN syndrome underwent injection with 5ml 
of 1% lidocaine. They evaluated their pain, on the visual analogue scale (VAS) before, 
15 minutes after and 1 week after injection. 
 
RESULTS: Ten of the 285 patients (3.5%; 2 male and 8 female; average age 68.6 years) 
underwent injection. The mean VAS score was 69 (25-100) before injection. At 15 
minutes, 9 of the 10 experienced a reduction in pain, with a mean VAS score of 36.5 
(0-90). At one week, all patients experienced pain reduction, with a mean VAS score 
of 33.5 (0-85). Although 4 patients needed additional injections because of 
recurrence of pain, the other 6 patients needed no more injections. No complications 
were seen. 
 
DISCUSSION: Talu (Reg Anesth Pain Med. 2000) and Aly (Tohoku J Exp Med. 2002) 
treated medial SCN entrapment neuropathy by local anesthetic block. When other 
causes of LBP are ruled out and the pain is relieved by local injection, possibile SCN 
entrapment should be considered, and diagnostic local anesthetic blocks should be 
tried.  
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GP154. SENSORY AND AUTONOMIC INNERVATION OF THE INTERVERTEBRAL DISK 
IN RATS: PATHO-MECHANISM OF CHRONIC DISKOGENIC PAIN  
Fujimoto, Kazuki; Miyagi, Masayuki; Ishikawa, Tetsuhiro; Kamoda, Hiroto; Eguchi, 
Yawara; Arai, Gen; Suzuki, Miyako; Kubota, Gou; Sakuma, Yoshihiro; Oikawa, 
Yasahiro; Inoue, Gen; Ohtori, Seiji; Takahashi, Kazuhisa 
Department of Orthopaedic Surgery, Graduate School of Medicine, Chiba University, 
Chiba, Japan 

 

INTRODUCTION: Low back pain and neck pain often become wide-ranging and 
chronic, and many clinicians are challenged when treating this chronic pain. Several 
authors have reported that sympathetic nerves participate in chronic pain. 
Furthermore, various sympathectomy procedures have been reported to be effective 
for chronic pain. The purpose of the current study is to investigate sensory and 
autonomic innervation of the intervertebral disk (IVD) in rats.  
 
METHODS: In this study, we performed surgery at the cervical IVD, because the 
stellate ganglion and nodose ganglion can be unambiguously identified. Ten Sprague-
Dawley rats were used. The neuro-tracer fluoro-gold (FG) was applied to the surfaces 
of the C5/6 IVD to label the innervating DRG, stellate ganglion (SG), and nodose 
ganglion (NG) neurons. Seven days postsurgery, DRGs from C1-C8, SG, and NG 
neurons were harvested and sectioned. Harvested DRGs were immunostained for the 
pain marker (CGRP). The proportions of CGRP-immunoreactive (IR) FG-labeled DRG 
neurons, non–CGRP-IR FG-labeled DRG neurons, FG-labeled SG neurons, and FG-
labeled NG neurons among all FG-labeled neurons were calculated.  
 
RESULTS: FG-labeled neurons innervating the C5/6 IVD were distributed throughout 
C2-C8 DRGs. The proportions of CGRP-IR FG-labeled DRG neurons, non-CGRP-IR FG-
labeled DRG neurons, FG-labeled SG neurons, and FG-labeled NG neurons among all 
FG-labeled neurons were 21.7%, 56.8%, 9.3%, and 12.1%, respectively.  
 
DISCUSSION: The C5/6 IVD was innervated multisegmentally from the C2-C8 DRG, SG, 
and NG neurons. Overall, 78.5% of the nerve fibers innervating the IVD were sensory 
nerves and 21.4% were autonomic nerves. Furthermore, 21.7% of the nerve fibers 
innervating the IVD were afferent sensory pain-related nerves, 9.3% were efferent 
sympathetic nerves, and 12.1% were efferent parasympathetic nerves. These findings 
may explain the wide-ranging and chronic diskogenic pain that occurs via 
somatosensory and autonomic nervous system.  
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GP155. THE COURSE OF PAIN, DISABILITY AND PHYSICAL ACTIVITY THE FIRST WEEK 
AFTER THE ONSET OF SEVERE ACUTE LOW BACK PAIN  
Hansson, Tommy1; Olaya-Contreras, Patricia1; Kaigle Holm, Allison1; Olsson, Marita2; 
Styf, Jorma1 
1Sahlgrenska Academy, Department of Orthopaedics, Gothenburg, Sweden; 2Chalmers 
University of Technology, Department of Mathematical Sciences, Gothenburg, 
Sweden 

 

INTRODUCTION: Episodes of acute low back pain (LBP) are extremely common. 
Staying active in spite of the pain has been regarded as the most appropriate 
treatment recommendation. The objective of this study was to evaluate if this "stay 
active in spite of the pain" advice was more effective in helping to reduce pain and 
disability than the advice "adjust your activity according to the pain" in subjects with 
severe acute LBP.  
 
METHODS: One hundred-and-nine employed subjects with severe acute LBP were 
recruited consecutively and examined within 48 hours of debut. They were randomly 
given one of the two treatment recommendations, i.e. "stay active in spite of the 
pain" or "adjust your activity according to the pain" and then followed for 1 week 
using the following measures: Disability Rating Index, pain intensity, and step count 
(pedometer).  
 
RESULTS: At baseline, there were no differences between the groups with regard to 
cause of pain, occupation, pain intensity, disability, quality of life or fear of 
movement. The acute LBP onset occurred at work in 31% of the subjects and 34% of 
all the subjects had no explanation for the LBP. Disability and pain intensity 
decreased rapidly and at similar rates (p< 0.001) in both groups. The "stay active" 
group had a greater step count across time.  
 
DISCUSSION: The treatment recommendations "stay active in spite of pain" or 
"adjust your activity according to the pain" did not have different effects on the first-
week course of acute LBP with regard to pain reduction or disability.  
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GP156.  QUALITY OF LIFE WITH LOW BACK PAIN PATIENTS IN A GENERAL HEALTH 
EXAMINATION - DIFFERENCES BETWEEN THE TREATMENT GROUP AND NON-
TREATMENT GROUP 
Watanabe, Kazuyuki; Otani, Koji; Onda, Akira; Nikaido, Takuya; Yabuki, Shoji; Kikuchi, 
Shin-ichi; Konno, Shin-ichi 
Fukushima Medical University, Department of Orthopaedic Surgery, Fukushima city, 
Japan 

 

INTRODUCTION: People with low back pain (LBP) do not always receive medical 
treatment at a hospital. The differences between LBP patients with treatment and 
the patients without any treatment are unclear.The purpose of this study was to 
clarify the differences between LBP patients with and without medical treatment by 
Short form 36 (SF36).  
 
METHODS: In general health examinations for local residents, lumbar spine 
examination was performed for applicants, and 426 people (134 male, 292 female, 
most age group: 60s) were included in this study. People with LBP were divided into 
two groups of the treatment group and the non-treatment group. Visual analog scale 
(VAS) for LBP, X-ray findings of the compression fractures, degenerative 
spondylolisthesis and scoliosis of the lumbar spine, and SF36 subscale scores were 
compared between two groups. Statistical analysis was performed by Mann 
Whitney's U test and chi square test. P value less than 0.05 was considered 
significant.  
 
RESULTS: LBP was reported by 258 participants (60.6%). Among the people with LBP, 
41 patients (15.9%) received medical treatment regularly (treatment group), and 217 
people (84.1%) did not receive regular treatment (non-treatment group). There were 
no significant differences in average age and gender ratio between the two groups. 
VAS for LBP in the treatment group was 6.3±2 and significantly higher than 4.7±2 of 
the non-treatment group (p<0.01). There were no significant differences in the X-ray 
findings. The score of SF36 in the treatment group was significantly lower (43.0±7.6) 
than the non-treatment group (46.8±8.6)in the subscale of general health (GH) 
(p<0.01).  
 
DISCUSSION: The results of this study indicated that the treatment group had more 
severe pain than the non-treatment group. In the SF36, only GH score was 
significantly lower in the treatment group. LBP patients with medical treatment might 
consider their LBP being more serious compared to the people with LBP without 
medical treatment.  
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GP157. ANNULUS FIBROSUS CELLS INTERACT WITH NEURON-LIKE CELLS TO 
MODULATE PRODUCTION OF GROWTH FACTORS AND CYTOKINES IN 
SYMPTOMATIC DISC DEGENERATION  
Kim, Joo Han1; Moon, Hong Joo1; Park, Youn Kwan1; Suh, Jung Keun2; Kang, James D.3 
1Korea University Guro Hospital, Department of Neurosurgery, Seoul, Republic of 
Korea; 2Korea University Anam Hospital, Department of Neurosurgery, Seoul, Republic 
of Korea; 3University of Pittsburgh Medical Center, Department of Orthopaedics, 
Pittsburgh, US 

 

INTRODUCTION: Discogenic pain is the chronic intractable pain initiated by tears in 
the annulus fibrosus (AF); this is unique structures with free nerve endings located 
beside dorsal root ganglia.We hypothesized that AF/neuron interactions during 
annular injury were involved in neovascularization and nerve ingrowth, the 
pathologic hallmarks of symptomatic disc degeneration.  
 
METHODS: To identify growth factors and inflammatory cytokines related to 
AF/neuron interactions, human AF cells were co-cultured with a retinoic acid (RA)-
treated SH-SY5Y human neuroblastoma cell line (neuron-like cells). Conditioned 
media from cells cultured alone or in co-culture were assayed by enzyme-linked 
immunosorbent assays. The responses of the neuron-like cells, the AF cells, and the 
co-cultured group to IL-1β/TNF-α were compared using the same outcome measures.  
 
RESULTS: RA-treated SH-SY5Y cells showed significant neurite outgrowth on 7th day; 
this is a typical morphologic finding of neuron-like cells.  
Neuron-like cells produced VEGF and IGF-1 under basal conditions and dose-
dependently secreted small amounts of IL-8 in response to TNF-α. Co-culturing 
enhanced the secretion of VEGF, TGF-β1, and β-NGF, and suppressed the production 
of IGF-1.  
VEGF in the co-culture group and the AF cells, was down-regulated by IL-1β/TNF-α 
stimulation. IL-1β/TNF-α stimulation enhanced the production of large amounts of IL-
6 and IL-8 from AF cells; IL-1β produced a greater response than TNF-α. The neuron-
like cells did not produce detectable amounts of IL-6 or IL-8.  
 
DISCUSSION: These studies suggest that AF cells are involved in an inflammatory 
reaction and that the interactions between AF and neuron-like cells enhance the 
production of growth factors responsible for neovascularization and nerve ingrowth. 
AF injury has the potential to initiate neovascularization/nerve ingrowth and an 
inflammatory reaction through the interactions of AF and neural tissues. (cont’d) 
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GP158. INTERACTION BETWEEN PSYCHOSOCIAL AND BIOLOGICAL FEATURES OF 
LOW BACK PAIN  
Karayannis, Nicholas1; Smeets, Robert2; van den Hoorn, Wolbert1; Hodges, Paul1 
1The University of Queensland, CCRE SPINE, Brisbane, Australia; 2Maastricht 
University, Maastricht, Netherlands 

 

INTRODUCTION: Emotions, cognitions, behaviours and social factors play an integral 
role in the experience of low back pain (LBP). Altered mechanical properties 
(increased stiffness and decreased damping) are also evident in people with LBP. We 
hypothesized that these biological and psychosocial domains are not independent.  
 
METHODS: Nineteen participants with LBP were recruited (Age range 26-65; 6 male, 
13 female) with a mean duration of symptoms of 36 weeks, mean pre-testing 
numeric pain rating of 2.7/10, and mean Quebec Back Pain Disability Questionnaire 
score of 25.7/100. LBP participants completed questionnaires to evaluate 
psychosocial and pain features. Mechanical properties of the trunk were evaluated 
from the response of the trunk to a sudden perturbation. Participants sat in a semi-
seated position with the pelvis fixed by a belt. Equal weights (7.5% body weight) were 
attached to the front and back (resultant force = 0). The load was randomly released 
from the front or back by deactivating an electromagnet. Trunk stiffness and damping 
were estimated using a second order linear model based on the applied force and 
resultant trunk displacement.  
 
RESULTS: There was a significant positive correlation between Tampa Scale for 
Kinesiophobia and stiffness in response to backward trunk perturbation (r20.54, 
P<0.05); LBP participants with higher kinesiophobia had higher trunk stiffness. There 
was no correlation between trunk mechanical properties and the other psychosocial 
features of pain (disability, emotions of depression, cognitions of catastrophising 
thoughts, and behaviours related to fear avoidance) or pain intensity.  
 
DISCUSSION: These data show that fear of movement is related to mechanical 
properties the trunk in LBP, and could possibly mediate the change in mechanics. The 
findings lend further support to the necessity to recognise the interaction between 
psychological and biological aspects of LBP rather than consideration in isolation.  
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GP159. INVESTIGATION OF DICHOTOMIZING SENSORY NERVE FIBERS PROJECTING 
TO THE LUMBAR MULTIFIDUS MUSCLES AND INTERVERTEBRAL DISK OR FACET 
JOINT OR SACROILIAC JOINT IN RATS  
Umimura, Tomotaka; Miyagi, Masayuki; Ishikawa, Tetsuhiro; Kamoda, Hiroto; Sakai, 
Ryo; Sakuma, Takafumi; Eguchi, Yawara; Arai, Gen; Suzuki, Miyako; Kubota, Gou; 
Sakuma, Yoshihiro; Oikawa, Yasuhiro; Inoue, Gen; Ohtori, Seiji; Takahashi, Kazuhisa 
Department of Orthopaedic Surgery, Graduate School of Medicine, Chiba University, 
Chiba, Japan

 

INTRODUCTION: Clinically, the origin of low back pain remains unknown. Multiple 
studies have identified lumbar muscles, intervertebral disks (IVD), facet joints, and 
sacroiliac joints as sources of low back pain. Pain may originate directly from lumbar 
muscles and/or be referred from the spine. Dorsal root ganglion (DRG) neurons with 
dichotomizing axons have been reported and are thought to be related to referred 
pain. The purpose of this rat study was to investigate dichotomizing sensory nerve 
fibers projecting to the lumbar multifidus muscles and to IVDs, facet joints, or 
sacroiliac joints.  
 
METHODS: We used two neurotracers, 1,1'-dioctadecyl-3,3,3',3'-tetramethyl-
indocarbocyanine perchlorate (DiI) and fluorogold (FG), in this double labeling study 
involving 30 SD rats. DiI was applied to lumbar multifidus muscles in all rats. 
Simultaneously, FG was applied to the anterior left portion of L5/6 IVDs in the IVD 
group (n=10), to the left L5/6 facet joints in the facet joint group (n=10), and to the 
left sacroiliac joints in the sacroiliac joint group (n=10). Fourteen days after surgery, 
left DRGs from L1 to L6 were harvested, sectioned, and observed under a 
fluorescence microscope.  
 
RESULTS: We verified the existence of double-labeled DRG neurons (i.e. 
dichotomizing sensory nerve fibers) projecting to lumbar multifidus muscles and to 
IVDs, facet joints, or sacroiliac joints, depending on the group. The ratio of total 
double-labeled/total DiI-labeled DRG neurons was higher in the facet joint group 
(6.8%) and the sacroiliac joint group (10.0%) than in the IVD group (2.3%) (p<0.05).  
 
DISCUSSION: Our study results document the presence of dichotomizing sensory 
nerve fibers projecting to lumbar multifidus muscles and to IVDs, facet joints, and 
sacroiliac joints. Referred low back muscle pain may reflect higher diseases of lumbar 
posterior structures, such as facet joints and sacroiliac joints, rather than diseases of 
lumbar anterior structures, such as IVDs.  
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GP160. KINEMATIC ANALYSES FOR SPINAL MOBILITY CHANGES IN SUBJECTS WITH 
AND WITHOUT LOW BACK PAIN  
Sung, Paul; Song, AY; Jo, HJ; Joo, HA 
Korea University, Seoul, Korea, Republic of Korea

 

BACKGROUND AND AIMS: Postural stability in subjects with LBP requires kinematic 
investigations to improve postural alignment since it is crucial to maintain stability of 
the spine under static and dynamic conditions. There is evidence for proprioceptive 
deficits among patients with LBP related to postural balance and neuromuscular 
performance. This study was to examine normalized stability differences with and 
without visual feedback while standing on one leg in subjects with and without low 
back pain (LBP). 
 
METHODS: Subjects with LBP (n=26; 9 men, 17 women) and without LBP (n=28; 11 
men, 17 women) participated in this study. All participants were asked to maintain 
the standing position on one leg with the contra-lateral hip flexed 90 degrees for 25 
seconds. The outcome measures included normalized holding and stability times. The 
combined rotation (Rxyz) was also calculated to compare the upper and lower thorax, 
lumbar, and trunk axes. 
 
RESULTS: The normalized holding duration was significantly different between groups 
(T = -2.21, p = 0.03). The subjects without LBP demonstrated longer hold times (24.60 
„b 4.2) than the subjects with LBP (21.2 „b 7.1). The control group demonstrated 
better stability than the patient group based on visual input (F = 6.78, p = 0.012) and 
overall trunk rotation (F = 8.70, p = 0.005). The trunk axis was significantly different 
for the combined rotation on both dominant (F = 8.23, p = 0.006) and non-dominant 
(F = 6.55, p = 0.015) hip flexed during the test. 
 
CONCLUSIONS: Standing stability significantly decreased in subjects with LBP, 
especially without visual feedback. The interaction between visual input and 
combined trunk rotation indicated that the trunk axis is critical in coordinating 
stability. A trunk muscle imbalance may contribute to unstable postural activity, 
which could prompt an uncoordinated bracing effect, especially when visual feedback 
is blocked in subjects with LBP.  
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GP161. MRI T2 MAPPING: NON-INVASIVE DIAGNOSTIC IMAGING FOR DISCOGENIC 
LOW BACK PAIN  
Ozawa, Tomoyuki; Watanabe, Atsuya; Shiboi, Ryutaro; Okubo, Toshiyuki; Toyone, 
Tomoaki 
Teikyo Chiba, Chiba, Japan 

 

PURPOSE: We performed anterior fusion for discogenic low back pain with resistance 
to conservative treatment. The decision to perform this treatment was based on 
discography and disc block. Discography is an invasive procedure and technically 
demanding. T2 mapping is an MRI technique which enables the evaluation of collagen 
disorganization as well as changes in the water content of intervertebral discs. The 
purpose of this study was to elucidate the usefulness of T2 mapping in the diagnosis 
of discogenic low back pain. 
 
SUBJECTS AND METHODS: The subjects were 12 patients diagnosed with discogenic 
low back pain and who underwent anterior lumbar interbody fusion. Twelve 
segments were involved (L4/5 in 4 patients and L5/S in 8 patients). Their diagnosis 
was established based on the results of T2 mapping, discography, and disc block. The 
classification of Watanabe was used for the preoperative findings of T2 mapping (AJR. 
2007). Clinical condition was evaluated using back pain intensity (100-mm VAS) and 
disability score (Roland and Morris, maximum: 24 points).  
 
RESULTS: Disc degeneration was evaluated using T2 mapping and rated as grade IV in 
11 patients and grade III in 1 patient, indicating severe degeneration. Low back pain 
improved from a mean VAS score of 46 (25-73) preoperatively to 16 (5-25) at the final 
postoperative follow-up(P<0.05). The disability score also improved from a mean 
score of 12.8 to 2.0, respectively. The patient satisfaction level was rated as satisfied 
by 10 patients and somewhat satisfied by 2 patients, indicating a good satisfaction 
level.  
 
DISCUSSION: The T2 mapping findings of disc degeneration were consistent with the 
diagnosis of discogenic low back pain which was based on results from discography 
and disc block. In this study, LBP significantly improved in all patients after anterior 
fusion. Therefore, T2 mapping was indicated to be non-invasive and useful in the 
diagnosis of discogenic low back pain.  
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GP162. LEG SYMTOMS (PAIN AND NUMBNESS) CAUSED BY SACROILIAC JOINT 
DYSFUNCTION  
Murakami, Eiichi1; Kurosawa, Daisuke1; Aizawa, Toshimi2 
1Sendai shakaihoken Hospital, Orthopaedic surgery, Low back pain and Sacroiliac joint 
center, Sendai, Miyagi, Japan; 2Tohoku University School of Medicine, Orthpaedic 
Surgery, Sendai, Miyagi, Japan 

 

INTRODUCTION: The sacroiliac joint (SIJ) can be a source of low back pain. It is usually 
detected in the buttock, groin and may refer to lower extremity. Thus, it mimics pain 
from other well-known lumbar disorders. The purpose of this study is to detect the 
area of pain and numbness caused by SIJ dysfunction.  
 
METHODS: We examined the area of pain and numbness in 100 patients with SIJ pain 
treated conservatively (Group A) and 20 with severe pain treated by joint arthrodesis 
(Group B). We diagnosed as having SIJ pain when the patient showed all three 
criteria: 1) lumbo-gluteal pain on one side, 2) positive findings on at least one of the 
three provocation tests: Gaenslen's test, Patrick's test, and modified Newton's test, 3) 
pain relief more than 70% after the SIJ injection. Group A consisted of 42 males and 
58 females with an average age of 46 years (range, 18-75) while Group B 7 males and 
13 females with that of 45 years (range, 24-68).  
 
RESULTS: In Group A, pain was detected mainly at around the posteior superior iliac 
spine (PSIS) in 94 patients, groin in 23, and at areas of ischial tuberosity, L4/5 or 
L5/S1, lateral thigh, lateral malleolus. Numbness was noticed at areas of lateral thigh, 
posterior thigh, medial leg, medial malleolus, sole.  
In Group B, pain was detected at around PSIS in all of 20 patients, groin in 13, and at 
areas of greater trochanter, ischial tuberosity, knee joint, lateral malleolus. 
Numbness was noticed at areas of buttock, lateral thigh, lateral malleolus, whole 
lower leg, medial sole. In most patients, symptoms in the lower extremity did not 
correspond with the dermatome of lumbar nerve roots.  
 
DISCUSSION: The present study demonstrated that the SIJ pain was mainly detected 
in the buttock around the PSIS and could refer to every area in the thigh and leg. The 
pain and numbness in the lower extremity not corresponding with the dermatome of 
lumbar nerve roots may be originated from the SIJ.  
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GP163.  A KINEMATIC ANALYSIS OF THE CORE SPINE AND PELVIS DURING LATERAL 
BENDING IN SUBJECTS WITH AND WITHOUT CHRONIC LOW BACK PAIN  
Sung, PS; Jo, HJ; Song, AY; Joo, HA 
Korea University, Seoul, Korea, Republic of Korea 

 

BACKGROUND AND AIMS: The kinematic measurement of the core spine and pelvis 
during lateral bending is important to consider since the motion is evident in various 
functional daily activities. Although a number of studies have reported three 
dimensional kinematic changes by radiography, the quantitative contribution of the 
dominant side difference during trunk lateral bending has not been carefully 
investigated.  
 
METHODS: Participants were 44 individuals (29 men and 15 female) with low back 
pain (LBP) (43.1 „b 17.4 years) and without chronic LBP (39.7 „b 18.7 years). All 
participants were asked to perform trunk lateral bending to the dominant and non-
dominant sides with a bar five times repeatedly. The outcome measures included 
three dimensional rotational angle displacements for the pelvis and core spine (spinal 
root axis).  
 
RESULTS: There was a sagittal (T = -2.24, p = 0.03) and transverse (T = 2.39, p = 0.02) 
axis difference on the core spine to the dominant side during lateral bending 
between the control and patient groups. During non-dominant side lateral bending, 
transverse axis was significantly different between control and patient group (T = 
2.16, p = 0.03). Although there was no group interaction with region (F = 2.41, p = 
0.12) and side (F = 2.12, p = 0.15), there was an interaction between group, side, and 
three dimensions (F = 5.47, p = 0.02).  
 
CONCLUSIONS: During trunk lateral bending, the transverse rotation axis in the pelvis 
demonstrated significantly different changes compared to the non-dominant side. 
Changes in the sagittal and transverse axes of the core spine demonstrated 
significantly different results compared to the dominant side during lateral bending 
between groups. The results of this study indicated that there was a different angular 
displacement based on dominance side.  
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GP165. EFFICACY OF SPINAL MANIPULATION FOR LOW BACK PAIN; CORRELATIVITY 
OF IMPROVEMENT AND DISC DEGENERATION ON MR IMAGES  
Nakamura, Naoyuki; Aota, Yoichi; Kawai, Takuya; Tanabe, Hironori; Nakamura, 
Yushi; Yamaguchi, Yasuteru; Saito, Tomoyuki 
Yokohama City University, Orthopedics Surgery, Yokohama city, Japan 

 

INTRODUCTION: The effectiveness of spinal manipulation for low back pain is widely 
acknowledged. However, the correlativity between lumbar degeneration on MR 
images and the effectiveness of this treatment has not yet been reported. This study 
aimed to evaluate the effectiveness of spinal manipulation for low back pain by 
patient-based outcome measures, and to correlate disc degeneration on MR images 
with the effects of the treatment.  
 
METHODS: A total of 28 patients whose chief complaint was low back pain were 
included in the study. Patients with neurological impairment, fractures, and/or 
tumors were excluded. Their average age was 61 years old with a range of 21 to 85 
years. After clinical and radiological assessment by an orthopedist, all patients 
received spinal manipulation by the Activator method. The treatment was repeated 3 
times at one-week intervals, and the results were evaluated by using the Visual 
Analogue Scale (VAS) for low back pain and the Roland-Morris Disability 
Questionnaire (RDQ) score. The degree of intervertebral disc degeneration was 
quantified by using the Pfirrmann classification on MR images. Differences in VAS and 
RDQ scores between the first visit and final follow-up were analyzed using the 
unpaired t-test. Spearman’s rank correlation was used to evaluate the correlation 
between the degree of disc degeneration and improvements in VAS and RDQ scores. 
The level of significance was set at 0.05.  
 
RESULTS: After a course of 3 treatments, both VAS and RDQ scores improved 
significantly. The improvement in VAS and RDQ scores correlated significantly with 
the degree of lumbar disc degeneration.  
 
DISCUSSION: Although the effectiveness of spinal manipulation for low back pain has 
previously been recognised, this study further demonstrates its effectiveness for 
patients with highly degenerated lumbar discs. (cont’d) 
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GP166. BENCHMARKING OF LOW BACK PAIN ALLEVIATION AFTER TDA BY SURGEON 
AND ITS COMPARISON TO PAIN ALLEVIATION AFTER ALIF  
Aghayev, Emin1; Munting, Everard2; Röder, Christoph1; on behalf of the registries, 
SWISsspine/Sp.Tango3 
1IEFM, University of Bern, Bern, Switzerland; 2Clinique Saint Pierre, Ottignies, Belgium; 
3SWISSspine and Spine Tango, Bern, Switzerland 

 

INTRODUCTION: Comparison of spine surgeons, implants and procedures are only 
imaginable in observational studies, whereby very similar and comparable outcome 
instruments should be used. The ideal treatment method for degenerative disk 
disease-related LBP remains debatable. Total disc arthroplasty (TDA) is increasingly 
used, though comparisons to anterior lumbar interbody fusion (ALIF) as gold standard 
are young and rare.  
 
METHODS: The national SWISSspine (SS) registry is mandatory for TDAs and includes 
a pre- and post-operative patient assessment using NASS+VAS and a surgeon 
administered primary intervention and follow-up questionnaire. The patient based 
pre- and postoperative pain assessment in the SS registry (n=420) was benchmarked 
by surgeon (n=14) and compared to a reference group of ALIF patients (n=31) from 2 
surgeons from the international Spine Tango registry (ST). The primary surgical form 
and pre- and post-operative COMI questionnaires incl. VAS were evaluated. All 
patients had one level surgery and no previous procedure. Statistical analysis 
included among others multiple logistic regression models.  
 
RESULTS: The average pre- and postop back pain on VAS in TDA patients was 69 and 
33, and leg pain 54 and 24. The average back pain alleviation between surgeons was 
37 (range 25-61) and leg pain alleviation 32 (range 14-54) points. In ALIF patients the 
average pre- and postop back pain was 66 and 37 and leg pain 52 and 32 points. The 
average back pain alleviation in this reference group was 28 (range 25-30) and leg 
pain alleviation 21 (range 22-33) points. The influence of surgeon, procedure per se 
or type of TDA implant on pain alleviation was not significant.  
 
DISCUSSION: Though the preop and postop pain levels after TDA and ALIF as well as 
their average pain alleviations seem similar, a wide range of outcomes was 
documented. The major contributor for this wide range may be patient selection. 
(cont’d) 
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GP167. SACROILIAC JOINT ARTHRODESIS IN PATIENTS WITH CHRONIC PELVIC PAIN 
AND NON-SPECIFIC SCIATICA  
Nystrom, Bo; Gregebo, Birgitta; Almgren, Stig-Olof; Schillberg, Birgitta 
Clinic of Spinal Surgery, Strangnas, Sweden 

 

INTRODUCTION: Persistent pelvic pain following childbirth and sometimes not 
associated with childbirth represents a poorly understood situation in which 
disorders of the sacroiliac joints have been considered a possible source of pain. In 
cases of severe pain for long periods of time the question sometimes arises as to 
whether arthrodesis of these joints might be of value.  
 
METHODS: Patients were selected on clinical grounds, with descriptions of pain 
localized to the sacroiliac area and non-specific pain radiation down the leg/s. They 
had clinical signs of possible sacroiliac joint involvement but no abnormal radiological 
findings. All 55 patients were women, mean age 45 years (range 28 to 64). Mean 
duration of pelvic pain was 7 years (range 1-30) and of non-specific sciatica 6 years 
(range 0.5-30). Preoperatively, the patients were given diagnostic injections against 
the sacroiliac joints of local anaesthetics or saline, to which they were blinded. The 
generic questionnaire SF-36 and the disease specific Balanced Inventory for Spinal 
disorders (BIS) were answered by all patients before surgery and by 49 patients (89 
%) at follow-up 1-3 years (mean 2 years) postoperatively.  
 
RESULTS: At follow-up 7 of the 55 patients reported being completely free from 
pelvic pain, 20 reported being much better, 9 somewhat better, 7 unchanged, 5 
somewhat worse and 1 much worse. Similarly, of those with preoperative leg pain, 7 
were completely free from that pain, 20 were much better, 7 somewhat better, 6 
unchanged, 2 somewhat worse and 3 much worse. Regarding quality of life, 22 
assessed it as much better, 9 somewhat better, 12 unchanged, 5 as somewhat worse 
and 1 as much worse.  
 
DISCUSSION: The results indicate that within the selected subgroup of patients there 
might be patients whose pain emanates from the sacroiliac joints, where arthrodesis 
might be of value.  
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GP168. UNDERSTANDING PRIMARY CARE PHYSICIANS’ CHALLENGES, BARRIERS AND 
PRIORITIES IN CARING FOR PATIENTS WITH LOW BACK PAIN  
Alleyne, Julia1; Harvey, Bart2; Meuser, James3; Rampersaud, Y. Raja4 
1Women's College Hospital, Sport C.A.R.E, Toronto, Canada; 2University of Toronto, 
Dalla Lana School of Public Health, Toronto, Canada; 3Professional Development 
Program, Department of Family and Community Medicine, Toronto, Canada; 
4University Health Network, Toronto Western Hospital, University of Toronto, 
Divisions of Orthopaedics and Neurosurgery, Toronto, Canada 

 

INTRODUCTION: Although, many low back pain (LBP) clinical practice guidelines 
(CPGs) exist, they often fall short in addressing the multifactorial challenges 
associated with the primary management of LBP (e.g. recurrent LBP or patient 
preference).The objective of this project was to develop a clearer understanding of 
the gaps, barriers and primary care physician’s (PCP) priorities in the care of patients 
with LBP as well as an understanding current practice trends.  
 
METHODS: An independent research team at the Centre for Effective Practice 
performed a literature review, conducted a small focus group and surveyed family 
physicians (n=325) across Ontario.The literature review was focused on specialist 
referral, factors influencing decision to refer and implementation and evaluation of 
CPGs.The literature search results informed the interview guide for the focus group 
and design of an Internet survey tool. All results were tabulated and underwent 
qualitative analysis. 
 
RESULTS: Physicians reported that patients most often requested an imaging test, 
funded physiotherapy and a work activity restrictions note. Generally, PCPs are 
comfortable in assessing acute LBP, however, common barriers noted: lack of 
comfort in dealing with complex or recurrent LBP, occupational issues, pain 
management, and a lack of patient-friendly key messages, and education and 
assessment tools. In addition, physicians also reported having education needs 
regarding timing and clinical interpretation of imaging reports.The most common 
reasons PCPs referred to a spine surgeon: compression of neurologic structures 
reported on imaging, constant leg pain and/or altered sensation, and patient request 
for a second opinion.  
 
DISCUSSION: These findings indicate the need for development of broader scope 
primary care specific clinical education modules for physician's and patients that 
could be disseminated as clinical tools, web-based repository of information, and 
academic detailing by clinician experts.  
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GP169. THE EFFECT OF L2 SPINAL NERVE ROOT INFILTRATION FOR CHRONIC LOW 
BACK PAIN  
Murata, Yasuaki; Kanaya, Kohichi; Wada, Hiroyoshi; Wada, Keiji; Shiba, Masahiro; 
Hatta, Satoshi; Kato, Yoshiharu 
Tokyo Women's Medical University, Orthopaedic Surgery, Shinjuku, Japan 

 

INTRODUCTION: Although low back pain (LBP) is usually recovered spontaneously, 
some of them last for more than 3 months as chronic LBP (cLBP). L2 spinal nerve 
infiltration (L2 block) has been suggested to have therapeutic value for LBP. The 
present study aimed to confirm or refute the effect of L2 block for cLBP, and to study 
the pathway of cLBP and the influence of a sleep in clinical cases.  
 
MATERIALS AND METHODS: Patients were grouped by their LBP history; 3 months or 
below (Group A, n=43); over 3 months less than 24 months (Group B, n=52); and over 
24 months (Group C, n=41). To evaluate the effectiveness of L2 block, patients who 
had LBP and were treated with NSAIDs for at least 2 weeks underwent L2 block. The 
intensities of LBP were measured using visual analog scale (VAS) at rest and at 
movement before and at 5 min and 7 d after the injection. The patients were also 
interviewed regarding their sleep and the duration for which the patient experienced 
no pain.  
 
RESULTS: The average VAS scores both at rest and at movement was significantly 
higher 5 min after L2 block in Group B than in Group A and C (p < 0.05). There were 
no statistically significant differences among these groups 7 days after L2 block. The 
low back pain pathways were likely more interrupted in patients of Group A and C 
than those of Group B. VAS of sleepless patients group was significantly higher than 
those in well sleep in Group B.  
 
CONCLUSION: One of the pathways of cLBP originating from the lumbar spine is the 
sympathetic trunk through the L2 spinal nerve root via sympathetic afferents. 
However, there may be the other pathway or mechanism of LBP, including 
psychological factors, in cLBP patients.  
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GP170. TRANSAXIAL FIXATION OF THE LUMBOSACRAL SEGMENT FOR DISCOGENIC 
BACK PAIN: RESULTS WITH 1 AND 2 YEARS FOLLOW-UP  
Zeilstra, Dick 
Nedspine & Bergman Clinics, Ede & Naarden, Netherlands 

 

INTRODUCTION: Fusion has a long history as treatment for chronic discogenic back 
pain. Standard procedures are invasive. The transaxial approach (AxiaLIF™) is minimal 
invasive way, gaining access to the L5/S1 disc space with the possibility to remove 
disc material, clear endplates, fill it with graft and achieve fusion.  
 
METHODS: Since March 2006 153 patients were treated, 120 patients for 
monosegmental discogenic back pain (77 female, 43 males, average age 41,9 years). 
Screening included plain films, MRI, discography, VAS, ODI, SF-36. Procedure was 
stand-alone in 72 cases, with facet screws in 47. Operating time was 50 minutes for 
Axialif and facet screws. Hospital stay was two days. Postoperative follow up included 
CT after one year.  
 
RESULTS: Of the 120 patients 91 were followed up for one year, 62 for 2 years. All 
patients had CT scanning. Complications include one case of halo around the rod in L5 
and two cases of minimal subsidence. These patients were without complaints. Two 
patients had signs of acute abdomen. One was treated as bowel perforation, but this 
was not proven. The other patient had a presacral hematoma which was removed. 
Both recovered well. VAS scores 
dropped from 7,7 pre-operative to 
3,8 after 6 weeks and 2,8 after one 
year. For ODI the scores were: 43, 
25 and 13. In 56 (81%) of the 
patients with at least one year 
follow up an improvement of 25 
points or more on the ODI was 
noted. In two patients CT-scanning 
showed pseudarthrosis, in ten patients unclear fusion, seven without complaints. In 
87% fusion was demonstrated. Non-fused patients had higher discs than those with 
fusion.  
 
DISCUSSION: Transaxial fixation is minimal invasive, bypassing many of the 
disadvantages of other fusion procedures. Stand alone is not recommended in 
patients with disc height of >4 mm and not suitable in spondylolisthesis.  
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GP171. REFFERED PAIN AREA DEPENDS ON THE SECTIONS OF THE SACROILIAC 
JOINT  
Kurosawa, Daisuke1; Murakami, Eiichi1; Aizawa, Toshimi2 
1Sendai shakaihoken Hospital, Orthopaedic surgery, Low back pain and Sacroiliac joint 
center, Sendai, Japan; 2Tohoku University, Orthopaedic sugery, Sendai, Japan

 

INTRODUCTION: The sacroiliac joint (SIJ) can be a source of low back pain. Our 
previous study revealed that the periarticular injection into the posterior ligament 
was more effective and easier to perform than the intraarticular injection and should 
be tried initially. In that study, we divided the posterior area of the SIJ into 4 sections: 
upper, middle, lower and another section in the cranial portion outside of the SIJ on 
the ilium designated as section 1, 2, 3, and 0 respectively. The purpose is to 
determine the referred pain area depending on the 4 sections of the SIJ.  
 
METHOD: The subjects were 31 patients (14 men and 17 women; mean age, 58 
years) who were diagnosed as having the SIJ dysfunction definitively. The 
periarticular insertion was given to one or more sections under fluoroscopy. The 
patients pointed the area of reproduced pain by their one finger. Then, the section 
and pain improvement were confirmed by the injection of a mixture of 2% lidocaine 
and contrast medium.  
 
RESULT: The corresponding section of the SIJ pain was section 1 in 22 patients, 
section 2 in 16, section 3 in 15 and section 0 in 16. The reproduced pain was mainly 
detected at upper buttock area including Posterior Superior Iliac Spine in section 1 , 
middle buttock area was in section 2 , lower buttock area including ischial tuberosity 
was in section 3 , and upper buttock area along a iliac crest was in section 0. In 25 of 
31 patients, buttock pain area coincided with the reproduced pain area. Especially, 
groin pain were combined with buttock pain in 15 of 31 patietnts. Groin pain was 
mainly relieved by injection to section 1 in 12 of 15 patients, but being reproduced 
only in 2 patients.  
 
DISCUSSION: The provoked pain by insertion at the periarticular area suggests that 
SIJ pain originates from the posterior ligamentous region. This study also suggests 
that section 1 may relate with groin pain, and the more lower sections, relating with 
pain of more lower buttock areas.  
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GP172. ASSESSMENT OF PAIN BEHAVIOR IN A RAT MODEL OF MYOFASCIAL 
INFLAMMATION USING THE CATWALK GAIT ANALYSIS SYSTEM  
Miyagi, Masayuki; Ishikawa, Tesuhiro; Kamoda, Hiroto; Orita, Sumihisa; Eguchi, 
Yawara; Arai, Gen; Suzuki, Miyako; Inoue, Gen; Ohtori, Seiji; Takahashi, Kazuhisa 
Department of Orthopaedic Surgery, Graduate School of Medicine, Chiba University, 
Chiba, Japan 

 

INTRODUCTION: We have evaluated pain by examining pain-related neuropeptides in 
the sensory nervous system in various models of inflammation. There are few reports 
examining low back pain behavior in animal models. The CatWalk is a computer-
assisted gait analysis system that provides an automated way to assess gait function 
and this behavior during pain. The purpose of current study is to investigate pain 
behavior in a rat model of myofascial inflammation using the CatWalk gait analysis 
system.  
 
METHODS: Eight-week-old male rats were used. In a myofascial inflammation group, 
0.5 mL of 4% paraformaldehyde buffer and 0.5 mL of 5% Fluoro-Gold (FG) buffer 
were injected into spinal back muscle. In a control group, FG buffer alone was 
injected. Five days after surgery, the gait of rats in both groups was investigated using 
the CatWalk system and dorsal root ganglia (DRGs) from the L1 to L6 levels were 
resected. DRGs were immunostained for calcitonin gene-related peptide (CGRP).  
 
RESULTS: In the myofascial inflammation group, the mean duty cycle (%) of front 
paws and the mean duty cycle of the hind paws were significantly higher and mean 
stride length of the front paws and the mean stride length of the hind paws were 
significantly shorter compared with the control group. Furthermore, mean minimum 
contact intensity and mean contact intensity of the front paws and the hind paws in 
the myofascial inflammation group were significantly higher compared with the 
control group. The proportion of CGRP-immunoreactive FG-labeled neurons among 
all FG-labeled DRG neurons in the myofascial inflammation group was significantly 
higher than the corresponding proportion in the control group.  
 
DISCUSSION: These results suggest that myofascial inflammation caused the changes 
to the gait of rats, including long stands, short stride, and strong paw contact.  
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GP173. METABOLIC SIGNATURES OF PAINFUL DISC DEGENERATION  
Buser, Zorica; Berven, Sigurd; Hu, Serena; Lotz, Jeffrey 
University of California, San Francisco, Orthopaedic Surgery, San Francisco, US 

 

INTRODUCTION: The most common type of chronic low back pain is discogenic (40% 
of cases). While all painful discs are degenerated, not all degenerated discs are 
painful. Because pain isn’t an outcome measure for model systems used to study disc 
degeneration (cells, animals, cadavers) most of what is known about pathologic disc 
biology concerns degeneration rather than pain. Consequently, the links between 
disc cell behavior and clinical presentation of pain remains to be established. To 
clarify pain mechanisms, the Aim of this study was to identify metabolic signatures 
that differentiate pathologic (painful) from physiologic (degenerated non-painful) 
discs.  
 
METHODS: Thirty nucleus pulposus surgery samples were collected and classified in 2 
groups by based on clinical/radiographic data: degenerated/painful and 
degenerated/non-painful. 100mg of nucleus tissue was extracted and prepared for 
analysis using a solvent extraction method. Samples were analyzed by liquid 
chromatography and mass spectroscopy (Metabolon). The data were normalized by 
log transformation and Welch's two-sample t-test was used to identify biochemicals 
that differed significantly between degenerate and painful groups.  
 
RESULTS: Significantly higher levels of several lysolipids (indicative of PLA2 activity) 
and pyruvate (product of anaerobic glycolysis) were detected in painful when 
compared to degenerated non-painful samples. In addition, pain samples showed 
significantly lower levels of several carnitine conjugates (indicating altered lipid 
metabolism) as well as higher levels of urate (sign of increased oxidative stress).  
 
DISCUSSION: Our data suggest that biochemical differences associated with 
inflammation, oxidative stress, and energy metabolism may contribute to the 
development of discogenic pain. Next steps involve analyzing all 260 compounds 
found in our samples as well exploring links to gene expression trends to help solidify 
mechanistic understanding of discogenic low back pain.  
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GP174. INDEPENDENT PREDICTORS OF FUNCTIONAL RECOVERY IN PATIENTS WITH 
CRONIC LOW BACK PAIN TREATED BY SPINAL MANIPULATION, INDIVIDUAL 
PHYSIOTHERAPY OR BACK SCHOOL  
Cecchi, Francesca1; Negrini, Stefano2; Pasquini, Guido1; Paperini, Anita1; Conti, 
Andrea3; Chiti, Massimiliano1; Zaina, Fabio2; Macchi, Claudio1; Molino-Lova, 
Raffaello1 
1Fondazione Don Carlo Gnocchi, Scientific Institute, Firenze, Italy; 2ISICO, Milan, Italy; 
3University of Firenze, Medical and Surgical Critical Care,, Firenze, Italy

 

OBJECTIVE: To identify predictors of response to treatment in a sample of 210 
patients with chronic, non-specific low back pain randomly assigned to either back 
school, individual physiotherapy or spinal manipulation. 
 
METHODS: Retrospective analysis of data from a randomized trial comparing back 
school, including group exercise, education/ergonomics with individual 
physiotherapy, including exercise, passive mobilization and soft-tissue treatment, and 
with spinal manipulation, delivered according to Manual Medicine, for the treatment 
of chronic low back pain. The primary outcome was the Roland Morris Disability 
Questionnaire (RM) assessed before and after treatment: those who decreased their 
RM score <2.5 were considered non-responders. Baseline potential predictors 
included demographics and information on general health, back pain history and 
features, and life satisfaction. 
 
RESULTS: 205 patients completed treatment (140/205 women, age 58+14 years). On 
discharge, non-responders were 72 (34.2%). Manipulation showed the highest 
functional improvement and the lowest rate of non-response. In a multivariable 
backward logistic regression, a lower baseline RM score (OR 0.82, 95% CI 0.76-0.89, 
p<0.001) and the received treatment (OR 0.32, 95% CI 0.21-0.50, p<0.001) were 
independent predictors of non-response. Being in the lowest tertile of baseline RM 
score (<6) predicted non response to treatment for back school and individual 
physiotherapy, but not for manipulation (same risk of non-response for 1st, 2nd and 
3rd RM score tertile).  
 
CONCLUSIONS: In our sample of patients with chronic low back pain, randomly 
assigned to either back school, individual physiotherapy, or spinal manipulation, 
lower baseline pain-related disability predicted non response to physiotherapy, but 
not to spinal manipulation.  
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GP175. TRUNK MUSCLE ACTIVITY DURING LIFTING OF UNEXPECTED WEIGHT 
OBJECTS  
Watanabe, Masahiro1; Kaneoka, Koji2; Okubo, Yu3; Shiina, Itsuo1; Tatsumura, 
Masaki1; Miyakawa, Shumpei1 
1University of Tsukuba, Graduate School of Comprehensive Human Sciences, Ibaraki, 
Japan; 2Waseda University, Faculty of Sport Sciences, Saitama, Japan; 3Health Science 
University, Department of Physical Therapy, Yamanashi, Japan 

 

INTRODUCTION: The purpose of this study is to analyze the trunk muscle activities 
during lifting of unexpectedly heavy weight objects.  
 
METHODS: Eleven males without low back pain were participated. The 
electromyographic activities were recorded while each subject lifted three types of 
objects on a table: predictable 1kg (recognized as 1kg), unpredictable 4kg 
(erroneously recognized as 1kg), and predictable 4kg (recognized as 4kg). The muscle 
activities of rectus abdominis (RA), external oblique (EO), and erector spinae (ES) 
were measured using surface electrodes, and wire electrodes were used for 
transversus abdominis (TrA) and lumbar multifidus (MF). For each muscle, muscle 
activity levels (%MVC) were analyzed and compared among three liftings using 
analysis of variance (ANOVA, p<.05).  
 
RESULTS: In predictable 4kg, right EO and bilateral TrA activities significantly 
increased immediately after the objects lift off the table, while there were not 
increased in predictable 1kg and unpredictable 4kg. In all three liftings, bilateral ES 
and MF activities significantly increased before the objects lift off. In predictable 1kg 
and unpredictable 4kg, ES and MF activities decreased significantly after the lift off, 
however these activities are remained in predictable 4kg. Around 150ms after lift off, 
bilateral ES and MF activities are significantly increased in unpredictable 4kg.  
 
DISCUSSION: These results suggest that the trunk muscle activation may delay during 
lifting of unexpectedly heavy weight objects.  
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GP176. PEEK-CAGES IN LUMBAR FUSION: MID-TERM CLINICAL AND 

RADIOLOGICAL OUTCOME 
Horsting, Philip1; Poeschmann, Marcel2; Schimmel, Janneke3; Schönfeld, Dirk1; Van 
Limbeek, Jacques3; Pavlov, Paul1 
1Sint Maartenskliniek, Orthopaediecentrum, Nijmegen, Netherlands; 2Ziekenhuis 
Gelderse Vallei, Ede, Netherlands; 3Sint Maartenskliniek, Afdeling R, D & E, Nijmegen, 
Netherlands 

 

INTRODUCTION: Chronic low back pain is associated with high rates of absence from 
work and a long and uncertain rehabilitation. When conservative treatment fails 
anterior lumbar interbody fusion (ALIF) is a good alternative. Although titanium alloy 
cages give good fusion rates, a disadvantage is problematic radiological evaluation of 
fusion. Polyetheretherketone cages (PEEK), such as the Synfix-LR® cage should 
overcome this. 
 
METHODS: From December 2004 until August 2007 a total of 95 patients (21 double 
level, 74 single level) with degenerative disc disease from L3 to S1 were operated by a 
single surgeon. Primary outcome measure was re-operation. Secondary outcome 
measures were bony bridging within the cage based on CT-scan and clinical 
improvement measured by the Oswestry score. The median duration of follow-up 
was 47,7 months (range 29,9 – 61,6 months). 
 
RESULTS: In total 24 patients (25.3%) were re-operated after a mean of 21.9 months 
(range 6.7-46.9) of the initial surgery. 23 Patients (18 single-level, 5 double-level) 
were re-operated for symptomatic pseudarthrosis, one patient for a deep wound 
infection. In one double-level patient both levels were pseudarthrotic. A CT-scan was 
performed in 89 patients (109 out of 116 levels; 94%). 43 Levels (39.4%) in 41 
patients were pseudarthrotic The mean Oswestry score improved from 28.1 (SD6.4) 
to 16.0 (SD9.3). No relation has been found between the Oswestry score and 
radiological outcome in our population. 
 
DISCUSSION: A high number of reoperations after an ALIF-procedure with the Synfix-
LR® cage was found, mainly due to pseudoarthrosis. The absence of posterior fixation 
probably lead to insufficient initial stability, creating suboptimal conditions for bony 
bridging, and thus solid fusion. Clinicians should be alert on pseudoarthrosis when 
patients treated with the Synfix-LR® cage presented with persisted or aggravated 
complaints.  
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GP178. THE EFFECT OF ANTIDEPRESSANT ON PAIN-RELATED BEHAVIOR INDUCED BY 
NUCLEUS PULPOSUS APPLIED ON THE NERVE ROOT IN RATS  
Saito, Hiroharu; Sekiguchi, Miho; Kikuchi, Shin-ichi; Konno, Shin-ichi 
Fukushima Medical University School of Medicine, Orthopaedic Surgery, Fukushima, 
Japan 

 

INTRODUCTION: Antidepressants are used for neuropathic pain independent of 
depression. Paroxetine is one of the selective serotonin reuptake inhibitors and acts 
to inhibit presynaptic reuptake of noradrenaline and serotonin. However, effects of 
antidepressants on pain related behavior and biochemical analysis compared with 
NSAIDs are little known. The purpose of this study was to examine pain-related 
behavior after administrated either antidepressant or NSAIDs using a nucleus 
polposus (NP) applied rat model.  
 
METHODS: Adult female Sprague-Dawley rats (n=60) were used in this study. In the 
NP model, NP harvested from the tail was applied to the left L5 dorsal root ganglion 
(DRG). Animals in the NP model were divided into four groups; 0.2mg/kg paroxetin 
(NP+PL), 0.8mg/kg paroxetin (NP+PH), 0.2mg/kg meloxicam (NP+M), saline (NP+S). 
Animals received 0.3ml of each drug orally once daily for 10 days after surgery. 
Animals in the sham group did not receive NP on the left L5 DRG. Mechanical 
withdrawal thresholds were determined using the von Frey test for 35days after 
surgery (n=12 in each group). Statistical differences were assessed using Bonferroni 
test. P values less than 0.05 were considered significant.  
 
RESULTS: The mechanical withdrawal thresholds in the NP+S group decreased 
significantly for 28days compared with the sham group (p<0.05). In the NP+M, NP+PL, 
and NP+PH groups, the thresholds decreased for 7days compared with the sham 
group (p<0.05), while the thresholds increased from 14 days to 28days compared 
with the NP+S group (p<0.05). There was no dose-dependent effect between the 
NP+PL and NP+PH groups.  
 
DISCUSSION: Both antidepressant (proxatin) and NSAIDS (meloxicam) improve pain-
related behavior in the rat model and might be a potential agent to improve pain-
related behavior in patients with lumbar disc herniation.  
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GP179. PHYSICAL EXERCISE AFFECTS CELL PROLIFERATION IN LUMBAR 
INTERVERTEBRAL DISC REGIONS IN RATS  
Sasaki, Nobuyuki1; Barreto Henriksson, Helena2; Runesson, Eva3; Larsson, Karin3; 
Sekiguchi, Miho4; Kikuchi, Shin-ichi4; Konno, Shin-ichi4; Rydevik, Björn3; Brisby, Helena3 
1Department of Orthopaedics, Institution of Clinical Sciences, University of 
Gothenburg, Department of Orthopaedic Surgery, School of Medicine, Fukushima 
Medical University, Fukushima, Japan; 2University of Gothenburg, The Institute of 
Biomedicine, Department of Clinical Chemistry and Transfusion medicine, 
Gothenburg, Sweden; 3University of Gothenburg, Department of Orthopaedics, 
Institution of Clinical Sciences, Gothenburg, Sweden; 4Fukushima Medical University, 
Department of Orthopaedic Surgery, School of Medicine, Fukushima, Japan

 

INTRODUCTION: Little is known about how physical exercise affects lumbar 
intervertebral disc (IVD) tissue. Recently stem cell niches in the perichondrium area of 
the IVD has been identified and suggested to be involved in the normal regeneration 
of the IVD. The aim of this study was to investigate the effect of exercise on cell 
proliferation and recruitment of cells possibly active in regeneration of normal rat 
lumbar IVD.  
 
METHODS: 12 Sprague-Dawley rats were exposed to 5-bromo-2-deoxyuridine (BrdU) 
diluted in the drinking water during 14 days (for detection of proliferating cells). 
Thereafter six rats ran on a treadmill daily for 50 min/day, 5 days/week (exercise 
group) and six non-exercised rats served as controls. Immunohistochemical analysis 
(anti-BrdU antibody) was performed at day 14 and 56 days after the start of the 
exercise protocol for in total 23 IVDs. BrdU positive cells were counted in the inner 
annulus fibrous area (AF), the AF border to ligament (AFo), the stem cell niche area 
(SN), which is part of the perichondrium region (P), and peripheral region of 
epiphyseal cartilage (pEC). Data were analyzed by Mann-Whitney test (significance 
level; p<0.05).  
 
RESULTS: The cell number of BrdU positive cells in AFo, SN and P region were 
significantly increased in the exercise group at day 14 (p<0.05) as compared to 
control. There was no significant difference between the groups regarding positive 
cell number in the AF and pEC region at day 14 nor in any regions at day 56.  
 
DISCUSSION: Exercise had a positive effect on the rapid cell proliferation in the 
perichondrium region, including the stem cell niche area, and the AFo. No effect 
could be seen on slow-cycling cells (56 days) in any area. This study indicates a 
positive effect of exercise on cell proliferation in some regions of the intervertebral 
discs.  
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GP180. DOMAINS OF CARE AND ADHERENCE TO LOW BACK EVIDENCE BASED 
GUIDELINES  
Weiner, Shira; Weiser, Sherri; Nordin, Margareta 
OIOC NYU Langone Medical Center, New York, US 

 

INTRODUCTION: Much has been written about adherence to evidence-based 
nonspecific low back pain (NSLBP) guidelines. Despite various initiatives, adherence 
remains moderate at best, with roughly 40 - 65% of care falling within guideline 
recommendations. 4What remains unknown, however, is the distribution patterns of 
evidence based care, including diagnostics and treatment, among practitioners. The 
purpose of this study is to explore adherence to evidence based recommendations 
within specific domains of care common for nonspecific low back pain.  
 
METHODS: Evidence based recommendations from four low back pain guidelines 
were categorized by domain including: diagnostics, medication, therapeutic 
procedures, activity recommendations, referral to other services, and information to 
the patient. A fully blocked experimental study was designed to test physician 
treatment decisions for NSLBP. Clinical vignettes depicting a patient with a first 
episode of NSLBP were used to query primary care physicians on management 
recommendations. Each subject read one vignette and recommended care within six 
domains covering 63 common assessments and treatments. Treatments were 
categorized as evidence for, evidence against, and inconclusive guideline 
recommendations.  
 
RESULTS: The average adherence rate for all domains was 65%. Those that fell below 
65% adherence rate were medication prescriptions (42.2% evidence for), use of 
therapeutic procedures (47.3% evidence for) and patient information (56.1% 
evidence for). Evidence supported care in the other domains ranged between 71.8% 
and 83.5%.  
 
DISCUSSION: Those domains where adherent care fell below average rates are those 
that are most variable or least defined among guideline recommendations. Efforts 
should be made to promote development of unambiguous, comprehensive evidence 
based low back guidelines, and implementation of current best evidence 
recommendations, specifically within those domains where adherence is weakest.  
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GP181. A COMPARISON OF INTRA-CAPSULAR FACET (IF) AND PERI-FACET (PF) 
INJECTIONS IN PATIENTS WITH LOW BACK PAIN (LBP)  
Wardlaw, Douglas; Nandakumar, Anjali; Beastall, James; Kumar, Abhishek; Smith, 
Frances 
Centre for Spinal Research, NHS Grampian, Orthopaedics and Radiology, Aberdeen, 
UK 

 

METHODS: A Blinded Randomised Controlled Trial was carried out to compare IF and 
PF injections for LBP. Patients randomised into IF and PF groups. Bilateral L4/5 and 
L5/S1 levels injected. 40mg of Depo-Medrone with Lignocaine (total 1ml) in IF group. 
80mg of Depo-Medrone with 1ml of 0.5% Chirocaine (total 3ml) in PF group. Pain 
visual analogue score (VAS) and analgesic chart – completed till six months.  
 
RESULTS: 88 total, 14 withdrew, 69 feedback available. Sixty-three (91%) had 
significant pain relief a week following injection, 86% and 94% in IF & PF groups. 
Mean duration of pain relief was 12.4 weeks (IF-12.2, PF-12.5). Mean change in VAS 
before & after injection was 4 (IF-4, PF-4). Mean change in analgesic use before & 
after injection was 2 tablets. (IF-2.9, PF-2.3). Radiation dose area product (DAP) for IF 
injections- 603 and PF- 45 mGy.cm2. 45 (51%) came for repeat injections, 19 & 26 in 
IF & PF groups.  
 
CONCLUSIONS:  

 Majority had pain relief (91%), more patients in PF group compared to IF group 
(94% vs. 86%). No statistically significant difference between 2 groups in 
change in pain severity, duration of pain relief or change in analgesic intake.  

 Significant change in VAS after injection in both groups (from 7 to 3). Pain 
relief for a mean duration of 12.4 weeks.  

 PF - technically easier- 9 patients randomised to IF group had to have PF 
injections (facet joint osteophytes).  

 Radiation doses much higher for IF injections even in expert hands (P=0.007). 
It took double the time to perform IF injections compared to PF (30 and 15 
minutes).  
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GP182. OUTCOMES BASED ON STRAIGHT LEG RAISE FINDINGS  
McIntosh, Greg; Hall, Hamilton; Rege, Swapnil; Carter, Tom 
CBI Health Group, Toronto, Canada 

 

INTRODUCTION: The straight leg raise (SLR) test is a common component of a 
physical examination. This study compares outcomes of those with (n=343) and those 
without (n=1853) a positive SLR test.  
 
METHODS: This was a prospective observational cohort study of low back pain (LBP) 
cases (n=2196) treated non-operatively at 40 spine-care clinics between January 2008 
and June 2010. SLR findings were cross referenced with location of dominant pain to 
establish three study groups: 1) False Positives (positive SLR, back dominant pain, 
n=288), 2) True Positives (positive SLR, leg dominant pain, n=55), and 3) True 
Negatives (normal neurology, n=1853).  
 
RESULTS: The mean age of the cohort was 39.4 years (SD= 11.8, range= 18-65) with 
61.7% males. There was only a 16% true positive rate (55/343) for SLR testing. Results 
by SLR status were: The True Positive group had significantly more females (p<0.02) 
and were significantly more chronic than the other two groups (p<0.023). The True 
Positive group had significantly more pain, more medication use, treatment days and 
less functional improvement at treatment conclusion and at 3 month follow up than 
the other two groups (p<0.05). For the False Positive and True Negative groups, there 
were no statistically significant differences in medication use and functional 
improvement at follow up and no difference in treatment days. The True Negative 
Group had the highest return to work rate (True Negatives= 85.1%, True Positives= 
76.4%, False Positives= 77.4%) with a trend towards statistical significance (p<0.075).  
 
DISCUSSION: A positive SLR was over diagnosed; a true positive SLR test was a rare 
clinical finding. Baseline, discharge and follow up characteristics of the True Negatives 
and False Positives were very similar. In spite of slower treatment response, higher 
medication use and less pain reduction in the True Positive group, they had 
comparable return to work rates.  
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GP183. WHICH PAIN REHABILITATION PROGRAMME SHOULD PATIENTS WITH 
CHRONIC BACK PAIN ATTEND? – IMPLEMENTING RESEARCH FINDINGS BY VARYING 
DURATION AND INTENSITY  
Barker, Karen1; Toye, Francine2; Heelas, Leila3; Buchanan, Elaine4 
1Nuffield Orthopaedic Centre NHS Trust, Musculoskeletal, Oxford, UK; 2Nuffield 
Orthopaedic Centre NHS Trust, Physiotherapy Research Unit, Oxford, UK; 3Nuffield 
Orthopaedic Centre NHS Trust, Physiotherapy, Oxford, UK; 4Nuffield Orthopaedic 
Centre NHS Trust, Oxford, UK 

 

INTRODUCTION: Previous research had established the efficacy of a functional 
restoration programme (FRP) for patients with chronic back pain (Fairbank 2005). 
Implementing this programme in normal clinical practice presented issues with 
patient attendance and the capacity to cope with increased referrals within existing 
resources. We introduced 2 two new programmes of shorter duration and lesser 
intensity (ARP) and (SMP), with a selection algorithm to allocate patients to each 
programme.  
 
METHODS: Observational study of 3 consecutive cohorts each of 40 patients 
attending one of 3 programmes. Patients were allocated to a programme based on 
their preference and their score on the HAD scale and Oswestry Disability Index. 
Standard outcome assessments – pain VAS, pain catastrophising scale (PCS) , pain self 
efficacy questionnaire (PSEQ), Tampa scale for kinesiphobia (TSK) and physical tests 
of timed sit to stand and 5 minute walk test were completed at entry and 6 months.  
 
RESULTS: Analysis by paired t tests. Patients attending the ‘gold standard’ FRP 
programme showed statistically and clinically significant improvements in mean 
change scores for PCS, TSK, PSEQ, sit to stand and 5 minute walk test – all p<0.001 
and decreased VAS pain score from 5.45 to 4 (p<0.021). For the ARP there were 
significant improvements in the mean change for PCS, TSK ((p0.000), PSEQ (p0.001) 
and sit to stand (p0.004). For the SMP there were significant improvements in the 
mean change for PCS (p 0.002), TSK, PESQ ( p0.001), sit to stand (p0.004) and walking 
(p0.000).  
 
DISCUSSION: Clinically and statistically significant improvements in outcome were 
demonstrated in cohorts of patients undergoing programmes of lesser duration and 
intensity.Implementing gold standard research findings may not be possible within 
limited public funded resources but findings can be translated into standard clinical 
practice by adhering to key principles but varying intensity and duration.  
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GP184. RELATION BETWEEN TRUNK MUSCLE FORCE AND POSTOPERATIVE CURVE 
PROGRESSION IN DEGENERATIVE LUMBAR SCOLIOSIS  
Omata, Junichi1; Kanayama, Masahiro2; Togawa, Daisuke2; Hashimoto, Tomoyuki2 
1Hakodate Central General Hospital, Rehabilitation, Hakodate, Japan; 2Hakodate 
Central General Hospital, Spine Center, Hakodate, Japan 

 

INTRODUCTION: The current study armed to investigate relation between trunk 
muscle force and postoperative curve progression in degenerative lumbar scoliosis.  
 
METHODS: A total of 51 patients who underwent short segment fusion (PLIF; 37 
patients, TLIF; 11 Patients, PLF; 3 patients) in degeneration lumbar scoliosis (> 10 
degrees) were included in this study. Whole spine X-rays were utilized for 
radiographic assessment. Using an isometric testing equipment, trunk muscle force in 
flexion and extension was measured preoperatively and at the final follow-up. Based 
on radiographic assessment, the patients were divided into two groups: curve 
progression group which showed more than 10 degrees of curve progression and 
non-progression group.  
 
RESULTS: Preoperative trunk muscle force in this population was 3.5N/kg in flexion 
and 6.2N/kg in extension, which was lower than the healthy control (6.2N/kg in 
flexion and 11.8N/kg in extension). Preoperative trunk muscle force in flexion was 
3.2N/kg in curve progression group and 3.5N/kg in non-progression group; the 
difference was not significant. Trunk muscle force in extension was significant lower 
in curve progression group (4.8N/kg) than non-progression group (6.4N/kg). Recovery 
of muscle strength was 11% in flexion and 9% in extension; difference between the 
two groups was not significant (10% and 5% in curve progression group, and 13% and 
11% in non-progression group, respectively).  
 
DISCUSSION: The current study showed that trunk muscle force in extension was 
significantly lower in curve progression group than non-progression group. These 
data were partly supported by previous studies. Lee et al demonstrated in MRI 
assessment of paraspinal muscles that fatty degeneration was more frequently 
observed in degenerative lumbar scoliosis than the healthy control. Future studies 
are required to determine whether or not trunk muscle exercise can contribute to 
prevention of curve progression.  
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GP185. PATIENTS' SUBJECTIVE FEAR OF SPINE SURGERY UNDER GENERAL 
ANESTHESIA  
Kim, Ki-Won1; Lee, Jun-Seok2; Kim, Youn-Soo3 
1St. Mary¡¯s Hospital, College of Medicine, The Catholic University of Korea, 
Department of Orthopaedic Surgery, Seoul, Republic of Korea; 2Dongshin General 
Hospital, Department of Orthopaedic Surgery, Seoul, Republic of Korea; 3College of 
Medicine, the Catholic University of Korea, Department of Orthopaedic Surgery, Seoul, 
Republic of Korea 

 

INTRODUCTION: Patients' subjective fear of spine surgery is unknown. We wanted to 
determine whether patients have a fear of spine surgery during preoperative period, 
identify patient factors that affect the fear, and describe the characteristics of fear 
that patients experience preoperatively. 
 
METHODS: One hundred sixteen patients who underwent spine surgery under 
general anesthesia were included in this study. The individual patient factors were 
assessed using a questionnaire. The degree of subjective fear was assessed using 
visual analogue scales (VAS). The preoperative VAS for fear of spine surgery and for 
fear of anesthesia were assessed. The correlations among fear and patient factors 
including age, gender, economic and educational background, residential area, and 
previous experience of surgery or anesthesia were analyzed. 
 
RESULTS: The preoperative mean VAS for fear of spine surgery and for fear of 
anesthesia were 4.5 ± 2.8 and 3.8 ± 2.7, respectively. Patients feared spine surgery 
significantly more than anesthesia (P = 0.017). Patient factors such as age, gender, 
economic status, education, residential area, and previous surgery or anesthesia 
experience had no significant influence on preoperative degree of fear of spine 
surgery. As the number of previous surgery experience increased, the incidence of 
fear of spine surgery and anesthesia decreased (P = 0.01 and P = 0.005). However, as 
the number of previous spine surgery experience increased, the incidence of fear of 
spine surgery increased (P = 0.04). The majority of patients felt a fear of surgery 
during surgery waiting time in the operating room. Most contributing factor in 
overcoming fear of surgery was surgeon's encouraging comments. 
 
DISCUSSION: Patients feared spine surgery significantly more than anesthesia. Any 
patient factors did not affect preoperative degree of fear of spine surgery. However, 
patients with previous spine surgery experience had a higher incidence of fear of 
spine surgery.  
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GP186. THE DEPENDENCE OF BACK MUSCLE ENDURANCE TIME ON PSYCHOLOGICAL 
FACTORS  
Mannion, Anne F1; O'Riordan, David1; Dvorak, Jiri1; Masharawi, Youssef2 
1Schulthess Klinik, Spine Center, Zurich, Switzerland; 2Tel Aviv University, Dept 
Physiotherapy, The Stanley Steyer School of Health Professions, Tel Aviv, Israel 

 

INTRODUCTION: Many studies report an association between low back pain (LBP) 
and reduced back muscle endurance and consider this to indicate muscular 
dysfunction. Indeed, on the basis of such findings, exercise prevention/rehabilitation 
programmes have been recommended to prevent the development/recurrence of 
LBP. However, performance may be confounded by non-muscular determinants of 
endurance. This study examined whether psychological factors were associated with 
"underperformance" on the Biering-Sorensen test.  
 
METHODS: 148 patients with chronic non-specific LBP (43% men; age, 45y SD10) 
performed the modified Biering-Sorensen isometric endurance test to exhaustion. 
Erector spinae fatigability was determined from changes in the median frequency of 
the surface electromyographic (EMG-MF) signal recorded bilaterally at L3 and L5.The 
difference between the recorded endurance time and the time that would have been 
predicted based on the extent of EMG-MF changes gave the measure of 
"underperformance". Back pain and disability, Psychological disturbance, 
Catastrophising, Fear-Avoidance Beliefs, Back Beliefs and Exercise self-efficacy were 
measured by questionnaire.  
 
RESULTS: Multivariable regression analysis revealed that female gender (p=0.001), 
greater psychological disturbance (p=0.003) and more negative Back Beliefs (p=0.015) 
were unique predictors of the extent of underperformance, accounting for 22.3% 
variance in "expected minus actual endurance time".  
 
DISCUSSION: It is important that the underlying nature (psychological or 
physiological) of performance deficits be identified during such tests, since this may 
a) influence the interpretation of prospective studies reporting risk factors for LBP 
and b) dictate the particular treatment or interventional approach required to 
remedy the situation in individuals with LBP.  
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GP187. THE IMMEDIATE EFFECTS OF DIFFERENT CORE EXERCISES ON STATIC 
BALANCE  
Imai, Atsushi1; Kaneoka, Koji2; Shiraki, Hitoshi1 
1University of Tsukuba, Graduate School of Comprehensive Human Science, Tsukuba 
city, Japan; 2Waseda University, Faculty of Sport Sciences, Tokorozawa city, Japan

 

INTRODUCTION: The core stabilization exercise (SE) that enhances the core stability 
is performed widely. Though there are many studies on biomechanics about SE, there 
are few studies that compared the effect of SE with that of the conventional exercise 
(CE) such as the sit-up. Therefore the aim of this study was to examine the immediate 
effect of two kinds of different core exercises on static balance.  
 
METHODS: Thirteen male youth soccer players participated in this study (age, 
16.8±0.4 years). Using a crossover design, participants completed three kinds of cases 
that were SE, CE and NE (no exercise). For SE, they did the front bridge (Elbow-Toe), 
the prone kneeling (Hand-Knee) and the Back bridge exercises. For CE, they did the 
sit-up, the sit-up with trunk rotation and the back extension exercises. Before and 
after SE, CE and NE, they conducted the single-limb standing with eyes closed for 30 
seconds on a platform of foot pressure recorder. Then we analyzed the differences of 
the length and area of the center of pressure (CoP) using a 2-way repeated-measures 
analysis of variance (group by time).  
 
RESULTS: There was a significant interaction effect on the length of CoP (F=3.82; 
p<0.05). After exercises, the length of CoP decreased significantly in SE (p<0.05), 
though there were no remarkable changes in CE (p>0.05) and NE (p>0.05). On the 
area of CoP, there was no significant interaction (F=0.50; p>0.05), nor were there 
main effects for group and time.  
 
DISCUSSION: The results of this study demonstrated that the improvement of the 
single-limb standing is an effect that is unique to the core stabilization exercise. Thus, 
the performing of the core stabilization exercise as part of warming up program 
might be effective for following main exercises.  
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GP189. THE INFLUENCE OF DISTRESS ON DISABILITY, PHYSICAL ACTIVITY AND PAIN 
INTENSITY AFTER 7 DAYS OF SEVERE ACUTE LOW BACK PAIN  
Olaya-Contreras, Patricia1; Styf, Jorma1; Olsson, Marita2; Kaigle Holm, Allison1; 
Hansson, Tommy1 
1Sahlgrenska Academy, Department of Orthopaedics, Gothenburg, Sweden; 2Chalmers 
University of Technology, Department of Mathematical Sciences, Gothenburg, 
Sweden 

 

INTRODUCTION: The "stay active" concept has been regarded as the most 
appropriate treatment recommendation for patients with acute low back pain (LBP). 
The objective of this study was to evaluate the influence of distress on disability, 
physical activity and pain intensity in subjects with severe acute LBP.  
 
METHODS: Ninety-nine employed subjects (mean age 45 years, range 20-63), 61% 
white- and 39% blue-collar workers with severe acute LBP were examined in extend 
within 48 hours after the onset of pain. All patients were initially assessed using the 
Depression Anxiety and Positive Outlook Scale (DAPOS) and the Tampa Scale of 
Kinesiophobia (TSK) questionnaires. Thereafter, the patients documented the 
following in a diary over a 7 day period: pain intensity, disability rating index (DRI) 
and step count (pedometer). Linear Mixed Models (LMM) for repeated measures 
were employed for the statistical analyses. All results were adjusted for age, gender, 
treatment, number of days and for the interaction term (treatment *DAPOS-D).  
 
RESULTS: High scores on DAPOS at baseline were weakly associated with DRI and 
pain intensity (p<0.08). According to the (LMM), DRI and pain intensity responses 
over time were differentially mediated by the scores of DAPOS (p<0.05). Patients with 
high scores on TSK (>38) at baseline reported a lower step count on day 7 (p<0.07).  
 
DISCUSSION: Depressed mood (DAPOS) and fear of movement (TSK) affect the 
outcomes of disability, the level of physical activity and the pain intensity in patients 
with severe acute LBP.  
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GP190. VALIDATION OF RETROSPECTIVE OUTCOME SCALE FOR LUMBAR SPINAL 
SURGERY  
Kuittinen, Pekka1; Aalto, Timo Juhani2; Leinonen, Ville1; Savolainen, Sakari1; Sipola, 
Petri3; Kröger, Heikki4; Turunen, Veli4; Heikkilä, Tapani5; Airaksinen, Olavi5 

1Kuopio University Hospital and Unit of Clinical Science, University of Eastern Finland, 
Department of Neurosurgery, Kuopio, Finland; 2KyyhkylÃ¤ Rehabilitation Center and 
Hospital, KyyhkylÃ¤ Rehabilitation Center, Mikkeli, Finland; 3Kuopio University 
Hospital, Department of Clinical Radiology, Kuopio, Finland; 4Kuopio University 
Hospital, Department of Orthopaedics and Traumatology, Kuopio, Finland; 5Kuopio 
University Hospital, Department of Physical and Rehabilitation Medicine, Kuopio, 
Finland 

 

INTRODUCTION: Incidence of spinal stenosis is increasing and selection of patients 
between surgical and nonsurgical treatment still remains challenging. Still there is a 
lack of validated retrospective outcome scale. The purpose of the current study was 
to investigate the reliability of retrospectively evaluated outcome scale using 
prospectively evaluated outcome scale as a reference.  
 
METHODS: Outcome of surgery from 100 prospectively evaluated LSS patients were 
re-evaluated retrospectively from patient files by one independent researcher. The 
results were compared to prospective outcome scale measurements. In retrospective 
analysis outcome was evaluated as 2=good if patient was satisfied, 1= moderate if 
patient was not fully satisfied, 0=poor if patient was not satisfied (Retrospective 3-
point scale). Evaluation was based on 3 months outpatient visit performed during 
clinical routine. Oswestry Disability Questionnaire (ODI), Visual analogue pain scale 
(VAS), Beck depression index (BDI) and patient satisfaction questionnaires were used 
as a reference fulfilled by patient in prospective study setting.  
 
RESULTS: Retrospective 3-point scale associated moderately with prospectively 
evaluated outcome measures. Associations were with 3 months follow up references 
ODI (r = 0.528; P < 0.001; N = 100), VAS (r = 0.368; P < 0.001, N = 100) and BDI (r = 
0.300; P < 0.005, N = 100). Of the satisfied patients 78.9 % had good outcome also 
according to retrospective (0-2) outcome scale. The correlations were stronger for 
lateral spinal stenosis than central stenosis.  
 
DISCUSSION: Retrospectively evaluated 3-point surgical outcome scale associated 
moderately with prospectively evaluated outcome and strongly with patient 
satisfaction. This scale could be useful as a retrospective outcome measure for 
surgical treatment.  
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GP191. 5-YEAR FOLLOW-UP OF RCT FOR LUMBAR DEGENERATIVE 
SPONDYLOLISTHESIS OPERATION  
Kato, Tsuyoshi; Okawa, Atsushi; Shoji, Tomizawa; Toshitaka, Yoshii; Kyohei, Sakaki; 
Mitsuhiro, Enomoto; Shigenori, Kawabata 
Tokyo Medical and Dental University, Bunkyo-ku, Yushima, Japan

 

INTRODUCTION: Lumbar degenerative spondylolisthesis (LDL) is one of the most 
common spinal diseases, however, the clinical outcome of lumbar stabilization with 
decompression remains uncertain. Since 2003 we studied the RCT to assess the 
differences between these three operations; decompression alone (D), 
decompression with stabilization using the Graf system (G), and decompression with 
PLF (P). In this paper, we describe the about 5-year outcomes of this RCT.  
 
METHODS: We included patients judged to have only L4/5 slip with central stenosis 
or lateral recess stenosis. We excluded a foramen stenosis or over 3rd grade 
spondylolisthesis. How we treat was decided at random from above three operations. 
We evaluated the Lumbar JOA score, VAS and x-ray to ascertain the bone union state, 
observing L4/5 and adjacent joint changes.  
 
RESULTS: From September 2003 we followed seventy-one patients' 22 male, 49 
female, averaged 63.1 y/o); D: 23, G: 23 P: 25 cases. In this paper, we assessed the 
patients followed over 2 years. Follow-up times were averaged 59 months. In Group-
D, the operation time was relatively short, and the quantity of blood loss was the 
least between the three groups significantly. After the operation, JOA score was 
improved significantly in each group (D: from 14.7 to 24.7, G: from 16.5 to 26.7, P: 
from 17.3 to 26.8, Full mark is 29 points). X-ray evaluation showed no significant 
difference and no severe instability including Group-D. However, each group showed 
L3/4 disc space narrowing. Only 1 case of Group-P complained sciatica in this 
experiment period.  
 
DISCUSSION: Group-D could show good results and few complications. Group-P had 
good results, but we have to be concerned with the complications; long-term 
adjacent problems, and cost performance. We want to know further evidences of the 
merit of Group-G. We need to increase our sample and long-term further follow-up. 
Finally, we want to clarify each operative characteristic.  
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GP192. THE MORPHOLOGICAL STUDY OF LISTHESIS FORM IN PATIENTS WITH 
DEGENERATIVE SPONDYLOLISTHESIS  
Suzuki, Hidekazu; Endo, Kenji; Alimasi, Wuqikun; Kimura, Dai; Kobayashi, Hiroto; 
Tanaka, Hidetoshi; Yamamoto, Kengo 
Tokyo Medical University, orthopedic surgery, Tokyo, Japan

 

INTRODUCTION: Degenerative spondylolisthesis(DS), especially with local kyphosis, 
often leads to a global and local sagittal imbalance which can cause a low back pain. 
However, there are few studies about the etiology of configuration of listhesis in DS. 
The purpose of this study is to evaluate the effect of facet and sagittal spinal 
morphology on listhesis form in DS.  
 
METHODS: We analyzed 65 patients with anterior DS of the fourth lumbar vertebra. 
The patients were divided into three groups according to the listhesis form; anterior 
open (AO), posterior open (PO), and parallel (Pa). Thirty-five patients with lumbar 
spinal canal stenosis (LSCS) without DS were assigned to the control group. The 
following parameters were measured on the lateral whole-spine standing 
radiographs: sagittal vertical axis (SVA), lumbosacral lordotic angle (L1S1), sacral slope 
(SS), pelvic tilting angle (PA) and pelvic morphologic angle (PRS1). Facet angles were 
measured on axial CT.  
 
RESULTS: The patients with DS had larger SVA and PA but smaller L1S1 and PRS1 
compared to the age-matched standard. As to the patients with PO type, L1S1 
(34.9±12.7°) and SS (25.0±9.8°) was smaller while PA (33.3±11.7°) was larger than 
those with AO type (41.8±10.8°, 30.9±8.9° and 25.6±8.1°, respectively). At L4-5 and 
L5-S level, facet joints of the AO group (25.8±6.5° and 43.4±11.1°) were more 
sagittally oriented than those of the PO group (31.1±8.0° and 49.6±9.6°). Except at L5-
S level of the PO group, facet joints were more sagittal in DS compared with the LSCS 
group.  
 
DISCUSSION: Relatively sagittal facet at L4-5 and coronal facet at L5-S, as well as 
smaller PRS1 were predisposing morphological factors in PO type of DS. This result 
suggests that a corrective surgery should be considered for the DS patients with 
these predisposing factors.  
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GP194. TO FUSE OR NOT TO FUSE IN LUMBAR DEGENERATIVE SPONDYLOLISTHESIS: 
DO BASELINE SYMPTOMS HELP PROVIDE THE ANSWER?  
Kleinstueck, Frank S; Fekete, Tamás F; Mannion, Anne F; Grob, Dieter; Porchet, 
François; Mutter, Urs; Jeszenszky, Dezsoe 
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INTRODUCTION: Clinical symptoms in lumbar degenerative spondylolisthesis (LDS) 
vary from predominantly radiating pain to severe mechanical low back pain. We 
examined whether the outcome of surgery for LDS varied depending on the 
predominant baseline symptom and the treatment administered (decompression 
with fusion (D&F) or decompression alone (D)).  
 
METHODS: 226 consecutive patients (69y SD9; 164f, 62m) participated. Inclusion 
criteria were LDS, first-time surgery, max 3 affected levels, and D or D&F as the 
operative procedure. Pre-op and at 12 mo follow-up (FU), patients completed the 
multidimensional Core Outcome Measures Index (COMI) including 0-10 leg-pain (LP) 
and LBP scales. At 12 mo, patients rated global outcome which was then 
dichotomised into "good" and "poor".  
 
RESULTS: Pre-op, LBP was significantly greater (p<0.05) and LP tended to be lower 
(p=0.19) in the D&F group than the D group, but there were no group differences for 
the COMI score (p>0.05). The reduction in COMI at 12mo FU was significantly greater 
for D&F than D (p<0.001), and was not influenced by the patient's declared "main 
problem" at baseline (back pain, leg pain, or neurological disturbances) (p>0.05). 
There was a higher proportion (p=0.003) of "good" outcomes at 12 mo FU in D&F 
(86%) than D (68%). Multiple regression analysis, controlling for possible 
confounders, revealed treatment group to be the only significant predictor of 
outcome (adding fusion = better outcome).  
 
DISCUSSION: Our study confirmed that LDS patients showed better patient based 
outcome with instrumented fusion and decompression than with decompression 
alone, regardless of baseline symptoms. This may be due to the fact that the 
underlying slippage as the cause of the stenosis is better addressed with fusion.  
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GP195. COMPARATIVE STUDY OF CLINICAL OUTCOMES ON SAGITTAL BALANCE 
AFTER DECOMPRESSION SURGERY WITH OR WITHOUT FUSION FOR DEGENERATIVE 
LUMBAR SPONDYLOLISTHESIS  
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INTRODUCTION: As a surgical treatment of the degenerative lumbar 
spondylolisthesis, the North American Spine Society (NASS) recommends lumbar 
spinal fusion based on prospective clinical studies (SPORT). However, there were 
some reports that decompression surgery without fusion was the successful 
management of degenerative spondylolisthesis. It may be necessary to confirm the 
efficacy of routine associated fusion. The purpose of this study was to investigate 
whether the sagittal balance after decompression surgery with or without fusion for 
degenerative lumbar spondylolisthesis affected the clinical outcomes including low 
back pain (LBP).  
 
METHODS: From 1994 to 2006, 161 patients who underwent surgical treatments for 
degenerative lumbar spondylolisthesis were reviewed retrospectively. Patients 
received decompression with fusion (TLIF or PLF) (F-group: 79pts, mean-age: 62.5 
years) or microendscopic laminotomy (MEL) without fusion (M-group: 82pts, mean-
age: 67.7 years). The pre-operative %slip was 20.6±7.1 in A-group and 19.2±4.4 in B-
group. The following items were evaluated pre-operatively and 2-years post-
operatively: JOA score including LBP, the recovery rate and lumbar sagittal alignment 
(L1 axis S1 distance; LASD). All parameter were analyzed statistically in each group 
(p<0.05).  
 
RESULTS: The JOA recovery rate in F and M-group was respectively 62.8±20.5% and 
60.9±27.4%. Both F and M groups were improved in LBP score (p>0.05). There was 
also no significant difference in LBP recovery between PLF and TLIF of F group. In 
cases of LASD 35mm or more, the LBP recovery rate in F-group was high. There was 
significant negative correlations in M-group between LSAD and LBP recovery rate 
(p=0.0018).  
 
DISCUSSION: This observation suggests that clinical outcomes of decompression 
surgery with or without fusion for degenerative lumbar spondylolisthesis were 
relatively good together. The postoperative LBP recovery was related to anterior off-
balance of lumbar sagittal alignment.  
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GP196. CLINICAL RESULTS OF MICROSURGICAL LUMBAR FLAVECTOMY THAT 
PRESERVES FACET JOINTS IN CASES OF LUMBAR DEGENERATIVE 
SPONDYLOLISTHESIS: COMPARISON OF BILATERAL LAMINOTOMY AND BILATERAL 
DECOMPRESSION VIA UNILATERAL APPROACH  
Nakanishi, Kazuyoshi1; Tanaka, Nobuhiro1; Fujimoto, Yoshinori2; Kamei, Naosuke1; 
Nakamae, Toshio1; Izumi, Bunichiro1; Fujioka, Yuki1; Ota, Ryo1; Ochi, Mitsuo1 
1Hiroshima University, Orthopaedic Surgery, Hiroshima, Japan; 2Hiroshima General 
Hospital, Hiroshima, Japan 

 

INTRODUCTION: We focused on the anatomical features of the ligamentum flavum 
and performed posterior decompression using a technique of microsurgical lumbar 
flavectomy (MLF) that preserves the facet joints in patients with lumbar degenerative 
spondylolisthesis. Our aim with this decompression procedure is to remove the 
ligamentum flavum entirely without leaving the proximal portion, which is usually at 
its thickest where the dura and spinal nerve roots are most strongly compressed for 
patients with lower extremity symptoms rather than low-back pain.  
 
METHODS: This technique preserves facet joints via two different approaches. A 
bilateral laminotomy (BL group) was performed on 44 consecutive patients (16 males 
and 28 females; mean age, 66 ± 10 years), and bilateral decompression via a 
unilateral approach (BDU group) was performed on 23 consecutive patients (8 males 
and 15 females; mean age, 69 ± 7.5 years). The mean follow-up period was 7.4 years. 
The JOA score and recovery rate were obtained, and radiographic assessment was 
performed using plain radiograms on the lateral view while standing in flexion, 
neutral, and extension postures before surgery and at the final follow-up.  
 
RESULTS: The JOA score at the final follow-up was improved in the BL and BDU 
groups, compared to that before MLF. The mean recovery rate was 72.4 and 68.4 %, 
respectively. The mean % Slip increased at final follow-up, compared to that before 
surgery in both groups, except for the % Slip in the extension posture in the BDU 
group. However, there was no significant difference in the dynamic % Slip in the 
flexion-extension posture between before surgery and at final follow-up. Clinical and 
radiological parameters were not significantly different between the two groups.  
 
DISCUSSION: This technique of MLF using either approach did not increase the 
dynamic % Slip, and showed favorable clinical results in cases of lumbar degenerative 
spondylolisthesis.  
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GP197. THE SURGICAL MANAGEMENT OF DEGENERATIVE LUMBAR 
SPONDYLOLISTHESIS: A COMPARATIVE STUDY OF OUTCOMES FOLLOWING 
DECOMPRESSION WITH FUSION AND MICROENDOSCOPIC DECOMPRESSION - 
MINIMUM 2-YEAR OUTCOME -  
Aihara, Takato1; Toyone, Tomoaki2; Aoki, Yasuchika3; Ozawa, Tomoyuki2; Inoue, Gen4; 
Hatakeyama, Kenji1; Oouchi, Jyuntarou1 
1Funabashi Orthopedic Hospital, Funabashi-city, Japan; 2Teikyo University Chiba 
Medical Center, Department of Orthopaedic Surgery, Ichihara-city, Japan; 3Toho 
University Sakura Medical Center, Department of Orthopaedic Surgery, Sakura-city, 
Japan; 4Graduate School of Medicine, Chiba University, Department of Orthopedic 
Surgery, Chiba-city, Japan 

 

INTRODUCTION: This study was undertaken to compare the outcomes following 
decompression with fusion (FU) and microendoscopic decompression (MED) for 
patients with degenerative lumbar spondylolisthesis (DS).  
 
METHODS: Fifty consecutive patients with DS were treated surgically. The first 17 
patients (FU group) underwent FU, the second 33 patients (MED group) underwent 
MED. The duration of follow-up ranged from 27 to 40 months in the FU group and 
from 25 to 40 months in the MED group. Clinical outcomes were evaluated with use 
of the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire. The 
degree of improvement (DOI) was calculated by the following formula: postoperative 
score - preoperative score. Lateral radiographs in flexion and extension, and in 
neutral position were taken before FU and MED to measure the intervertebral angle 
and percentage of slipping. 32 patients in the MED group were classified into two 
groups based on all the preoperative radiological measurements: a group with 
measurements of larger 16 patients (group L) and a group with measurements of 
smaller 16 patients (group S). All DOIs were statistically compared between the FU 
and MED groups, and between groups L and S.  
 
RESULTS: Although statistically not significant, the DOIs in all five functional scores 
were greater in the MED group than in the FU group (Table 1). There was no 
influence of instability before MED to the clinical outcome, and the DOI in low back 
pain was significantly greater in group S than in group L concerning the percentage of 
slipping in neutral position (Table 2). Therefore, the DOIs were statistically compared 
between the FU and MED groups among the cases with over 20% slipping, and the 
DOI in lumbar function was significantly greater in the FU group than in the MED 
group (Table 3). (cont’d) 
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Table 1. DOIs in FU and MED groups FU group (n=17) MED group (n=33) P value (*P<0.05) 

Low back pain 37.1±35.7 38.6±39.4 0.907 

Lumbar function 21.1±28.0 23.9±40.0 0.784 

Walking ability 42.4±32.0 48.1±36.1 0.591 

Social life function 28.1±30.9 44.7±30.2 0.0743 

Mental health 16.9±24.3 19.0±23.0 0.761 

 

Table 2. DOIs in preoperative % slipping in 
neutral position in groups L and S 

Group S (% 
slipping: 5-12%) 

Group L (% 
slipping: 12-26%) 

P value 
(*P<0.05) 

Low back pain 54.6±34.3 20.5±44.6 0.0192* 

Lumbar function 39.7±40.2 13.2±48.6 0.0933 

Walking ability 51.6±34.1 47.6±41.0 0.754 

Social life function 55.9±31.5 36.9±31.1 0.0787 

Mental health 22.6±26.5 18.9±23.7 0.657 

 

Table 3. DOIs among cases with over 
20% slipping in neutral position  

FU group (% 
slipping: 20-30%) 

MED group (% 
slipping: 22-26%) 

P value 
(*P<0.05) 

Low back pain 37.1±38.6 4.76±21.8 0.239 

Lumbar function 38.3±23.3 -6.25±30.0 0.0396* 

Walking ability 68.6±32.6 27.1±43.9 0.128 

Social life function 45.9±26.1 18.4±17.0 0.0836 

Mental health 35.0±24.6 9.90±21.7 0.126 

DISCUSSION: MED is a useful, minimally invasive surgery that leads to a good clinical 
outcome for DS, however, FU is recommended in case of DS with over 20% slipping.  
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GP198. DISC HEIGHT AFFECTS SEGMENTAL MOTION IN PATIENTS WITH L4-L5 
DEGENERATIVE SPONDYLOLISTHESIS, A NEW CLASSIFICATION SYSTEM  
Siemionow, Krzysztof1; An, Howard2 
1University of Illinois Medical Center, Department of Orthopaedic Surgery, Chicago, 
US; 2Rush University Medical Center, Department of Orthopaedic Surgery, Chicago, US 

 

OBJECTIVE: The goal of this study was to investigate the relationship between disc 
height and segmental motion in patients with L4-5 degenerative spondylolisthesis 
(DS) and to demonstrate that there is variability among slips.  
 
BACKGROUND: The most commonly used classification scheme for DS, the 
Mayerding system, is based on percentage of vertebral body slippage in patients with 
L5-S1 lytic spondylolisthesis. Current classification schemes do not take motion into 
account for surgical planning.  
 
METHODS: A retrospective review of lumbar radiographs of patients with L4-5 DS 
who underwent 1 level decompression and fusion for neurogenic claudidcation. The 
percentage of vertebral body slippage, disc height (DH), and the amount of segmental 
motion at L4-5 on flexion extension films were recorded. Patients were divided into 3 
groups based on DH- Group I(0-5mm DH); Group II(6-10mm) DH; and Group 
III(>10mm DH). Statistical analysis was performed using student-t test and ANOVA.  
 
RESULTS: Mean Age was 62.54±7.72, there were 16 males and 41 females. Motion at 
the L4-5 spondylolisthetic segment was 2.65° ± 2.06 in Group I(n=8), 4.75° ± 2.70 
Group II(n=25), and 8.65° ± 5.4 in GroupIII(n=24). The difference in motion between 
all groups was significant (p=0.00039). Mean listhesis=6.24mm±3.84 Mean listhesis in 
flexion=7.86±3.51.Mean listhesis in extension=5.2mm±3.75. Mean difference 
between flexion and extension=2.66mm±1.79 Mean slip percentage=13.65 percent± 
8.19. Mean lumbar lordosis=43.88degrees±12.3Mean L45 foraminal height 
=18.04mm± 3.87  
 
CONCLUSION: Segmental motion may play an important role in treatment decisions 
in patients with DS. Whether lack of motion is synonymous with segmental stability 
remains to be seen. We propose modifying the current classification system and 
classifying patients with Grade I DS based on disc height. We hypothesize that 
symptomatic patients with L4-5 DS and DH less then 5mm may have greater intrinsic 
stability.  
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GP199. ANALYSIS OF STATIC BALANCES BEFORE AND AFTER THE LUMBAR FUSION 
OPERATION IN PATIENTS WITH LUMBAR DEGENERATIVE DISEASES  
Yo, Kiyonori1; Murase, Masaaki2; Hayashi, Yoshihiro2; Ogawa, Takayuki2; Oishi, 
Yosuke2 
1Hamawaki Orthopaedic Hospital, Rehabilitation, Hiroshima, Japan; 2Hamawaki 
Orthopaedic Hospital, Orthopedic Surgery, Hiroshima, Japan

 

INTRODUCTION: A Stabilometry can be used as the indicator of static balances of the 
patients in the orthopedic field. Especially malalignment or intersegmental instability 
of the lumbar spine, which is usually treated by the lumbar fusion operation, might 
be correlated with the static balance. To our knowledge, however, there have had no 
studies as to the static balances before and after the lumbar fusion. The purpose of 
this study was to analyze the static balances of the patients with lumbar degenerative 
diseases before and after the lumbar fusion.  
 
METHODS: A total of 99 patients participated in this study, who had received lumbar 
fusion for the lumbar degenerative diseases including unstable canal stenosis and 
degenerative spondylolisthesis at our hospital between 2005 and 2010. The 
differences of the static balances before and after the lumbar fusion were assessed 
using the stabiometry. In addition, we analyzed which factors might correlate with 
the static balances after the operation with multifactorial analysis, which included 
age, fused intervertebral number, presence or absence of neurological symptoms.  
 
RESULTS: The static balances of the patients significantly improved after the 
operation compared with that before the operation. The older age was only a risk 
factor for decrease in the static balances after the operation.  
 
DISCUSSION: Our results suggested the lumbar fusion operation might improve the 
static balances of the patients of lumbar degenerative diseases, and the older age 
had a negatively effect on the balance. However, These results did not mean that the 
correction of lumbar alignment or improvement of the stability directly affected on 
the static balances, since the decrease in the symptoms by the operation also 
correlated with the static balances. Moreover, aging changes affected on increased 
osteoarthritis and weakness of muscle power as well as the decreased in the 
mechanoreceptor function. Further research will be necessary.  
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GP200. CLINICAL OUTCOMES MORE THAN 5 YEARS AFTER MICROENDOSCOPIC 
DECOMPRESSION SURGERY WITHOUT FUSION FOR DEGENERATIVE LUMBAR 
SPONDYLOLISTHESIS  
Minamide, Akihito; Yoshida, Munehito; Yamada, Hiroshi; Hashizume, Hiroshi; 
Nakagawa, Yukihiro; Kawai, Masaki; Iwasaki, Hiroshi; Tsutsui, Shunji; Okada, 
Motohiro; Ishimoto, Yuyu; Nagata, Keiji 
Wakayama Medical University, Orthopaedic Surgery, Wakayama, Japan

 

INTRODUCTION: The microendoscopic laminotmy (MEL) technique for lumbar spinal 
disorders is developing as a minimally invasive strategy, which help to preserve the 
facet joints and soft tissues complex as much as possible. We are applying the MEL 
technique for degenerative lumbar spondylolisthesis. The purpose of this study was 
to prospectively investigate the long-term clinical outcomes of MEL surgery without 
fusion for degenerative lumbar spondylolisthesis.  
 
METHODS: From 2003 to 2005, all patients, who developed a surgical treatment on 
degenerative lumbar spondylolisthesis, underwent the MEL surgery at the authors' 
institute. A total of 62 patients (24 males, 38 females; mean age: 66.9 years) were 
reviewed prospectively. The slipping grade was 56 patients in grade I and 6 patients 
in grade II. The mean %slip was 18.3%. The following items were evaluated: Japanese 
Orthopaedic Association scoring system (JOA score), recovery rate, and VAS for low 
back pain and satisfaction to surgery. All parameter were analyzed statistically 
(p<0.05).  
 
RESULTS: Six patients came off from this investigation over all the postoperative 
follow-up, because of death, cerebral infarction, terminal cancer and having heard 
nothing from. Finally, 56 patients (90.3%) were reviewed. The mean following period 
was 67.0 months. The recovery rate of JOA score was 68.5±23.2%. The overall results 
were excellent in 46.2% of the patients, good in 25%, fair in 26.9%, and poor in 1.9%, 
based on JOA score. Four patients underwent additional spinal fusion because of the 
progressive spinal instability. The VAS for low back pain at the final follow-up was 
21.0mm. The VAS for satisfaction to MEL was also 85.3mm.  
 
DISCUSSION: This observation suggests that the MEL without fusion was able to be 
candidates for a surgical treatment for degenerative lumbar spondylolisthesis. The 
MEL surgery brought high satisfaction to the patients for more than 5 years.  
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GP201. AN EVALUATION OF SURGICAL TREATMENT FOR LUMBAR ISTHMIC 
SPONDYLOLISTHESIS  
Shinohara, Yoshikazu1; Kato, Minori1; Konishi, Sadahiko1; Date, Yuko1; Kazuki, 
Kenichi1; Nakamura, Hiroaki2 
12-13-22, Miyakojimahondori, Miyakojima-ku, Orthopaedic Surgery, Osaka, Japan; 
2Osaka City University Graduate School of Medicine, Orthopaedic Surgery, Osaka, 
Japan 

 

INTRODUCTION: The surgical treatment for lumbar isthmic spondylolisthesis is 
usually posterior decompression and fusion with instrumentation. However, it may 
not be suitable to perform for elderly or high-risk patients. In these patients, 
posterior decompression alone can be one treatment option in the point of less 
invasiveness. The purpose of this study was to compare the clinical results between 
posterior decompression alone and posterior decompression and fusion for lumbar 
isthmic spondylolisthesis.  
 
PATIENTS AND METHODS: We reviewed 30 patients (average age, 53 years; average 
postoperative follow-up, 46 months) who underwent surgery for lumbar isthmic 
spondylolisthesis and had a postoperative follow-up of more than 24 months. We 
classified these patients into two groups: a posterior decompression group (PD 
group) and posterior decompression and fusion group (PDF group). The PD group 
consisted of 10 patients (5 men, 5 women) and a PDF group consisted of 20 patients 
(8 men, 12 women). We investigated the clinical outcome (JOA score, recovery rate 
of JOA score) and X-ray changes (percentage slip, slip angle) in these patients.  
 
RESULTS: The recovery rate of JOA score at the latest follow-up was 64% in the PD 
group and 70% in the PDF group. There was no significant difference. In the PD group, 
the pre-operative percentage slip was 15% and this had changed to 16% at the latest 
follow-up. There was no significant difference between the pre-operative percentage 
slip and that at the latest follow-up.  
 
DISCUSSION: In this study, we found no significant differences between the clinical 
results of the two patient groups. However, posterior decompression for lumbar 
isthmic spondylolisthesis seemed to be less invasive than posterior decompression 
and fusion. Therefore, posterior decompression can be acceptable in certain 
situations especially for elderly or high-risk patients in the treatment of lumbar 
isthmic spondylolisthesis.  
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GP202. LOAD TRANSFER CHARACTERISTICS BETWEEN POSTERIOR FUSION DEVICES 
AND THE LUMBAR SPINE  
Melnyk, Angela1; Wen, Tianlin2; Kingwell, Stephen3; Chak, Jason2; Cripton, Peter1; 
Dvorak, Marcel4; Oxland, Thomas4 
1UBC, Mechanical Engineering, Vancouver, Canada; 2UBC, Vancouver, Canada; 
3Ottawa Hospital, Ottawa, Canada; 4UBC, Orthopaedics, Vancouver, Canada 

 

INTRODUCTION: Clinical studies have demonstrated beneficial results of posterior 
arthrodesis for the treatment of degenerative spondylolisthesis (DS). The optimal 
stiffness of these systems to enhance load sharing and fusion rate while minimizing 
adjacent segment stresses is unknown. To our knowledge, posterior instrumentation 
for DS has not been tested under anterior-posterior (AP) shear loads, a relevant 
loading direction for DS.  
 
OBJECTIVE: To determine the amount of shear load supported by fusion devices of 
varying stiffness under shear loading.  
 
METHODS: The effect of implant stiffness and specimen condition on implant load 
was assessed in a biomechanical study. Fifteen cadaveric lumbar spine segments 
were tested under a static 300N axial compressive load and a cyclic 250N anterior 
shear load. Implants (High-Stiffness (HS): ø5.5mm Titanium, Medium-Stiffness (MS): 
ø6.35 x 7.2mm Oblong PEEK and Low-Stiffness (LS): ø5.5mm Round PEEK), 
instrumented with strain gauges, were tested in each of three specimen conditions 
simulating degeneration: intact, facet destabilization and disc destabilization.1  
 
RESULTS: Implants supported significantly greater shear loads as the specimen was 
destabilized. The LS implant supported significantly less load than the HS implant for 
all specimen conditions. Mean implant loads as a percent of the applied shear load in 
order of increasing specimen destabilization for the HS implant were: 43, 67 and 76%, 
for the MS implant were: 32, 56 and 77%, and for the LS implant were: 18, 35 and 
50%.  
 
DISCUSSION: Implant shear stiffness increasing from 50 to 200N/mm significantly 
affects the load sharing characteristics of fusion devices. Low-stiffness implants 
transfer greater loads to the spine, possibly enhancing the transition to the adjacent 
vertebral segment. However, the lower strength of these implants must be able to 
withstand maximum in vivo loads.  
1Kingwell, S. (2010). Proceedings of the 44th Canadian Orthopaedic Research Society 
Annual Meeting  
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GP203. CROSS-CULTURAL ADAPTATION OF THE JAPANESE VERSION OF THE ZURICH 
CLAUDICATION QUESTIONNAIRE (ZCQ)  
Hara, Nobuhiro1; Masuda, Kazuhiro1; Morii, Jiro1; Tohnosu, Juichi1; Takeshita, 
Katsushi1; Nakamura, Kozo1; Matsudaira, Ko2 
1The University of Tokyo, Dept. of Orthop. Surg. and Spinal Surg., Faculty of Medicine, 
Tokyo, Japan; 2Kanto Rosai Hospital, Clinical Research Centre for Occupational 
Musculoskeletal Disorders, Kawasaki, Japan 

 

INTRODUCTION: Zurich Claudication Questionnaire (ZCQ) is a disease-specific 
outcome measure for lumber spinal stenosis (LSS). Following the appropriate 
procedures, we published a linguistically valid Japanese version of ZCQ last year. In 
this study, we evaluated cross-cultural adaptation of the Japanese ZCQ.  
 
METHODS: 157 patients (mean age 67.4) who had received surgical operations for 
LSS at 11 affiliated facilities of the University of Tokyo between January and August 
2010 enrolled in this study. The patients completed a self-reported questionnaire 
before operation and 3 months after operation. The questionnaire included the 
Japanese ZCQ, Oswestry disability index (ODI), visual analog scale (VAS) for back/leg 
pain and leg numbness, and SF-36 Ver.2. Thirty patients answered the Japanese ZCQ 
twice at 3 months after operation; the mean number of days between the two 
questionnaires was 8.5. The results were statistically analyzed. For reliability, 
intraclass correlation coefficient (ICC), Cronbach's alpha, Spearsmanρ between the 
scales and the effect size (ES) were obtained as a measure of repeatability, internal 
consistency, construct validity, and responsiveness, respectively.  
 
RESULTS: For ICC, severity subscale (symptom), function subscale (function), and 
satisfaction subscale (satisfaction) were 0.83, 0.93 and 0.86, respectively; all showed 
good reproducibility. For Cronbach's alpha, symptom, function and satisfaction were 
0.87, 0.91 and 0.93; all were good or better. For Spearmanρ, strong correlations were 
observed for 'symptom' with ODI and VAS (leg pain) at 0.64 and 0.49 respectively, 
and for 'function' with ODI at 0.72. For ES, symptom and function were 1.8 and 1.7, 
respectively, which were equivalent to 1.7 in VAS (leg pain) and were better in terms 
of responsiveness compared to 1.2 in ODI and PF: 0.8 in SF-36.  
 
DISCUSSION: The Japanese ZCQ was satisfactory in reliability, validity and 
responsiveness, and is valid as an outcome measure for LSS.  
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GP204. COMPARATOR HEALTH OUTCOMES FOR X-STOP® COST-EFFECTIVENESS 
ANALYSES  
Lurie, Jon1; McDonough, Christine2; Zhao, Wenyan2; Tosteson, Tor3; Tosteson, Anna1 
1Dartmouth Medical School, Medicine, Lebanon, US; 2Dartmouth Medical School, 
Orthopaedics, Lebanon, US; 3Dartmouth Medical School, Community & Family 
Medicine, Lebanon, US 

 

INTRODUCTION: Two recent cost-effectiveness analyses comparing the X-STOP 
interspinous process spacer to laminectomy for spinal stenosis reached opposite 
conclusions, stemming in part from how laminectomy effectiveness was measured. 
Burnett et al. (J NeuroSurg Spine 2010) found X-STOP more costly and less effective 
than laminectomy using an unvalidated proxy measure for quality-adjusted life years 
(QALYs). In contrast, Skidmore et al. (Spine 2010; in press) found X-STOP less costly 
and more effective than laminectomy using the SF-6D to compute QALYs from 22 
patients who failed their randomized treatment and went on to laminectomy in the 
IDE study. These conflicting results highlight the importance of comparator health 
outcome data for cost-effectiveness studies of X-STOP. We therefore evaluated the 2-
year QALY outcomes of laminectomy among the Spine Patient Outcomes Research 
Trial (SPORT) spinal stenosis cohort meeting indications for X-STOP.  
 
METHODS: SF-6D scores were calculated at baseline, 6 weeks, 3 months, 6 months, 1 
and 2 years for all SPORT spinal stenosis patients age >50 with 1- or 2-level disease 
and symptoms >6 months who underwent laminectomy. Mixed effects longitudinal 
regression was used to estimate SF-6D controlling for baseline covariates associated 
with missing data. Time-weighted sums of health state values at each follow-up were 
used to estimate QALYs at 2 years.  
 
RESULTS: 98 patients met criteria with 82 available at 2 year follow-up.  
 
Conclusions: QALYs following laminectomy in SPORT spinal stenosis patients who met 
X-STOP criteria were similar to those of Skidmore et al. whose analysis showed X-
STOP more effective and less costly than laminectomy. The importance of 
comparator health outcomes combined, with the inherent uncertainties of indirect 
comparisons, support the need for a direct randomized trial of X-STOP® and 
laminectomy to assess the comparative effectiveness of these procedures.  

Topic 
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GP205. A PHYSIOTHERAPY EXERCISE PROGRAMME IMPROVES WALKING DISTANCE 
BUT NOT QUALITY OF LIFE FOR NEUROGENIC CLAUDICATION  
Comer, Christine; Redmond, Anthony; Bird, Howard; Hensor, Elizabeth; Conaghan, 
Philip 
University of Leeds, Section of Musculoskeletal Disease, Leeds Institute of Molecular 
Medicine, Leeds, UK 

 

INTRODUCTION: People with lumbar spinal stenosis commonly present with 
symptoms of neurogenic claudication and are often referred to physiotherapists for 
exercise treatment prior to surgical treatment. There is, however, a need for trials 
evidence to establish whether exercise treatment is beneficial.  
 
METHODS: This randomised controlled trial compared a six week exercise 
programme to a control of advice only. The primary outcome was the Zurich 
Claudication Questionnaire (ZCQ) score at 8 weeks. ANCOVA analysis was undertaken 
using the score change as the dependent variable, and baseline values, age and sex as 
independent covariates. Secondary outcomes included levels of back and leg pain, 
measures of disability, anxiety and depression, and a shuttle walking test.  
 
RESULTS: 76 participants with neurogenic claudication symptoms were recruited. 
Follow-up data were available at 8 weeks for 36 control and 34 treatment group 
participants. Six patients withdrew because of illness, difficulties attending for 
treatment or because of a preference for different treatment. Participants in the 
exercise group attended for a median of 3 treatments (range 0 to 4). The ZCQ scores 
did not change significantly in either group, and there was no significant between-
group difference for either the ZCQ symptom severity scale score (0.05 points; P = 
0.657) or the physical function score (0.11 points; P = 0.354). There was, however, a 
significantly greater improvement in walking distance in the exercise group compared 
to the control group at 8 week follow-up (6.97 metres; P = 0.002) after exclusion of 
outlying data.  
 
DISCUSSION: Although patients with neurogenic claudication symptoms are often 
prescribed exercises, these results indicate that a self-directed programme of flexion 
and aerobic type exercises does not improve symptom severity or physical function 
despite small improvements in walking distance. Further analysis from the trial data 
will include 12 month follow-up.  
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GP206. DO WALKING TESTS ACCURATELY ASSESS RESPONSIVENESS TO 
TREATMENTS FOR NEUROGENIC CLAUDICATION?  
Rainville, James1; Childs, Lisa1; Suri, Pradeep1; Pena, Enrique2; Jouve, Cristin1; Limke, 
Janet1; Hunter, David3 
1New England Baptist Hospital, Boston, US; 2Seton Medical Center, Austin, US; 
3University of Sydney, Sydney, Australia 

 

INTRODUCTION: Walking limitations produced by neurogenic claudication (NC) are 
quantifiable using motorized treadmill test (MTT) and indoor level walking test 
(ILWT). This study assessed the responsiveness of MTT and ILWT for assessing change 
following treatments.  
 
METHODS: 50 adults with NC that were undergoing surgery (20%) or conservative 
treatment (80%) were recruited. Mean age was 68. 58% were male. NC included leg 
pain (88%), paresthesias (58%), weakness (38%), and unsteadiness (38%). Outcomes 
included 0-10 pain scores, Oswestry Disability Index (ODI), Spinal Stenosis 
Questionnaire (SSQ), estimated walking abilities and rating of overall change in 
status. MTT used a level track and ILWT were conducted in a 52 meter rectangular 
hallway. Walking speeds were self-selected and test endpoints were: a) NC, b) 
fatigue, c) completed 30 minutes. Both walking tests were performed on the same 
day in random order.  
 
RESULTS: 39 of the 50 subjects completed pre- and post-treatment evaluations. 72% 
reported improvement following treatment which was confirmed by significant mean 
differences for leg pain (2.0), SSQ symptoms (.49), SSQ physical function (.55), ODI 
(12), estimated walking time (14 min) and distance (1209 m). All subjects could 
perform ILWT, but 5 subjects could not safely performing MTT. Subjects completing 
MTT without symptoms increased from 13% to 34%. However, mean MTT walking 
times and distances did not change. Test completers increased from 6% to 46 % for 
ILWT, and mean differences in walking time (6 min) and distance (387 m) were 
significant. However, standardized response means (SRM) for ILWT time and 
distances were not different for improved vs. not improved subjects, nor did they 
correlate with SRM of any self-reported measures.  
 
DISCUSSION: ILWT can assess responsiveness to common treatments of NC at a 
group level better than MTT. However, on an individual level, ILWT has limited ability 
to accurately assess change in overall status.  
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GP207. COMPARISON OF IPSILATERAL AND CONTRALATERAL CANAL 
DECOMPRESSION USING AN UNILATERAL LAMINOTOMY APPROACH FOR SINGLE- 
OR MULTILEVEL LUMBAR STENOSIS  
An, Howard S1; Hong, Jae Taek2 
1Rush University, Chicago, US; 2Catholic University of Korea, Suwon, Republic of Korea 

 

OBJECTIVE: The purpose of this report is to investigate the efficacy of unilateral 
laminotomy on both ipsilateral and contralateral decompression and compares 
outcome of both sides using this unilateral approach.  
 
METHODS: Unilateral laminotomy under microscopic visualization was performed to 
achieve bilateral decompression. Thirty-nine consecutive patients who underwent 
this procedure were analyzed prospectively using ODI, VAS pain score to evaluate 
symptoms in both legs, and the radiological morphometric index to calculate the 
anterior-posterior diameter and mid-canal width using CT myelography or MRI.  
 
RESULTS: The mean follow-up time was 16.2 months. The mean ODI was 48.4 
preoperatively and 14.2 postoperatively. The mean dural sac widening of the 
ipsilateral side (3.1mm, 87.0%) was significantly larger (p <0.01) than that of the the 
contralateral side (2.0mm, 45.6%). The VAS improvement ratio [(Preoperative VAS 
score ?Postoperative VAS score)/ (Preoperative VAS score) x 100)] for the pain in 
each leg was 75.4%, (ipsilateral side) and 73.7% (contralateral side). While the VAS 
improvement ratio for pain in each side was significantly reduced, the difference in 
the VAS ratio between sides was statistically insignificant (p= 0.64). There were two 
cases of dural tearing, one case of transient paresthesia of nerve roots bilaterally, and 
two cases of transient paresthesia of the contralateral nerve root. One case of 
iatrogenic instability (2.6%) was observed during the follow-up period.  
 
CONCLUSION: This technique allows for significant decompression of the 
contralateral canal and excellent clinical outcomes. Sparing of the ligament complex 
and the contralateral paraspinal musculature results in decreased surgical time, and 
decreased risk of post-operative iatrogenic instability. The incidence of perioperative 
complications was less than previous reports of bilateral laminotomy or laminectomy 
procedures. (cont’d) 

Level No of laminotomies (N=50) % of laminotomies 

L1-2 1 2 

L2-3 4 8 

L3-4 12 24 

L4-5 30 60 

L5-S1 3 6 
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GP208. OUTCOME OF DECOMPRESSIVE SPINAL STENOSIS SURGERY RELATED TO 
PREOPERATIVE MRI FINDINGS - A PROSPECTIVE STUDY IN 109 PATIENTS  
Sigmundsson, Freyr Gauti1; Kang, Xiaopeng2; Jonsson, Bo2; Stromqvist, Bjorn2 
1Blekingesjukhuset, Karlshamn, Sweden; 2Lund University, Lund, Sweden 

 

INTRODUCTION: Selection of patients for decompressive surgery for central spinal 
stenosis is complex. Well defined imaging characteristics have been established, 
however their clinical application and prognostic value is poorly documented. It is 
unclear which preoperative MRI characteristics predict the most favorable outcome 
in terms of pain relief, HRQoL, estimated walking ability, and general satisfaction. The 
objective was to investigate the relationship between MRI characteristics (minimal 
dural sac area, multilevel stenosis, and olisthesis) and HRLQoL, functional status and 
pain at 1-year follow-up in decompressive spinal stenosis surgery.  
 
METHODS: Prospective follow-up cohort study was performed. The study group 
included 109 consecutive patients with spinal stenosis with and without 
spondylolisthesis operated on with decompressive laminectomy. Preoperatively and 
at 1-year of follow up the patients completed the EQ-5D, SF-36, Oswestry disability 
index, estimated walking distance, VAS leg and back. The cross sectional area of the 
cauda equina was measured at the disc level from L1 to S1.  
 
RESULTS: The mean dural sac area was 42.6 mm2. Multilevel stenosis was frequent 
(50% of patients) and 32% had concomitant low grade spondylolisthesis. Mean age 
was 71.1 years. Patients with small dural sac area had lower leg (p=0.03) and back 
(p=0.07) pain levels at follow up. Small preoperative dural sac area (mm2) was 
associated with greater satisfaction with operative outcome and relief of leg (p=0.07) 
and back pain (p=0.02). Multilevel stenosis (number of levels with stenosis <70mm2) 
was associated with reduction in leg pain (VAS) at follow up (p=0.04).  
 
DISCUSSION: The absolute parameters of minimal dural sac area and multilevel 
stenosis are correlated to positive outcome with regards to pain relief and their 
consistent use can be advocated. Concomitant low grade spondylolisthesis did not 
affect outcome at 1-year follow-up. (cont’d) 
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GP209. IS THERE A DIFFERENCE BETWEEN SIMULTANEOUS OR STAGED 
DECOMPRESSIONS FOR COMBINED CERVICAL AND LUMBAR STENOSIS?  
Eskander, Mark; Aubin, Michelle; Drew, Jacob; Eskander, Jonathan; Balsis, Steve;  
Eck, Jason; Lapinsky, Anthony; Connolly, Patrick 
UMass Medical School, Worcester, US 

 

INTRODUCTION: TSS is a rare degenerative disease affecting multiple spinal levels 
with limited research describing operative management. We evaluated 43 patients 
diagnosed with TSS from 1999-2005 in an academic hospital. The purpose of this 
study is to compare outcomes following simultaneous decompression of the cervical 
and lumbar spine versus staged operations.  
 
METHODS: Of our patients, 21 underwent simultaneous decompression of both the 
cervical and lumbar spine and 22 underwent staged decompression of the cervical 
spine followed by the lumbar spine at a later date. Medical records were reviewed for 
patient demographics, type and duration of symptoms, operative time, combined 
blood loss, cervical myelopathy Japan Orthopaedic Association Score (mJOA), 
Oswestry Disability Index (ODI), major and minor complications and average length of 
follow-up. Each category was evaluated by Pearson's correlations and unpaired 
student's t-tests.  
 
RESULTS: With a mean follow-up of 7 yrs, both groups improved in JOA and ODI 
without a significant difference between the two operative groups in terms of major 
or minor complications, JOA or ODI. Independent of the surgical algorithm, age > 68 
yrs, estimated blood loss â‰¥ 400 ml, and operative time â‰¥ 150 min. significantly 
increased the number of complications.  
 
DISCUSSION: These results indicate that TSS can be effectively managed by either 
surgical intervention, simultaneous or staged decompressions. However, patient age, 
blood loss and operative time do significantly impact outcomes. Therefore operative 
management should be tailored to the patient's age and the option which will limit 
blood loss and operative time, whether that is by simultaneous or staged procedures.  
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GP210. MICROSCOPIC POSTERIOR DECOMPRESSION SURGERY FOR LUMBAR CANAL 
STENOSIS ACCOMPANIED WITH DEGENERATIVE SCOLIOSIS IN PATIENTS WITH 
LONGER THAN A 5-YEAR FOLLOW-UP  
Sumiyoshi, Norihiko; Fujiwara, Yasushi; Sumida, Tadayoshi; Manabe, Hideki; 
Miyauchi, Akira 
Hiroshima City Asa Hospital, Hiroshima city, Japan

 

INTRODUCTION: The surgical treatment of lumbar canal stenosis with degenerative 
scoliosis (LCS-DSc) has been extensively discussed. At our institute, microscopic 
posterior decompression surgery was performed for LCS-DSc. The concept of our 
method was preserving facet joints. In this paper, the surgical outcome of our 
method was investigated.  
 
METHODS: Forty patients underwent microscopic posterior decompression surgery 
for LCS-DSc between January 2001 to May 2005, and 24 patients could be followed 
for longer than 5 years. The mean age at the time of surgery was 70.9 years and the 
mean post-operative follow-up period was 83 months. The presence of further 
lumbar surgery, the recovery rate of Japnese Orthopaedic Association (JOA) score, 
and the scoliotic angle on X-ray (using Cobb's method) both pre-operation and at the 
final follow-up were investigated. These patients were divided into two groups 
according to their pre-operative scoliotic angle and the groups were compared; group 
A included moderate scoliosis (10- 20 degrees, 16 patients), while group B comprised 
severe scolisis (more than 20 degrees, 8 patients).  
 
RESULTS: Total mean recovery rate of the JOA score was 35.1%. No significant 
difference was observed between group A (38.3%) and group B (26.0%). In addition, 
no patient demonstrated a worsening of symptoms at the final follow-up, however, 4 
patients underwent further lumbar surgery, namely 3 patients underwent 
decompression at other levels while 1 patient underwent fusion surgery in another 
institute. The mean increase in the scoliotic angle was 6.0 degrees. The increase in 
group A (3.5 degree) was smaller than that in group B (11.6 degree), and the 
difference was statistically significant (P=0.03).  
 
DISCUSSION: The long-term results of microscopic posterior decompression surgery 
were sufficient even in LCS-DSc, considering the age of these patients. However, the 
scoliotic angle did tend to increase greater in severe scliosis patients.  
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GP211. READMISSION RATES AFTER DECOMPRESSION IN PATIENTS WITH LUMBAR 
SPINAL STENOSIS  
Takemoto, Steven1; Braid-Forbes, Mary Jo2; Capobianco, Robyn3; Berven, Sigurd1 
1UCSF, Center for Outcomes Research, San Francisco, US; 2Braid-Forbes Health 
Research, Silver Spring, US; 3Baxano, San Jose, US 

 

INTRODUCTION: Although decompression surgery is commonly performed in 
patients with lumbar spinal stenosis, time to failure has not been well documented. 
In this study of Medicare claims data, we use readmission for surgery or injection to 
estimate failure rates for decompression with and without spinal fusion.  
 
METHODS: Cases (n=4902) with a decompression procedure and diagnosis of spinal 
stenosis were selected from the 5% sample Medicare Standard Analytic Files in years 
2005-2007 and followed through 2008. Cases with fracture, cervical fusion and fusion 
of more than 3 vertebrae were excluded. Results were stratified by whether or not 
patients also received fusion instrumentation (25%). Readmission rates for fusion, 
other spinal surgery or spine injections were calculated using Kaplan-Meier censoring 
for death and de-enrollment.  
 
RESULTS: Cumulative readmission rates were 7.7%, 13.9%, and 18.8% at 1, 2 and 3 
years after the index surgery. Rates for patients with fusion instrumentation were 
slightly higher four calendar quarters after index admission quarter (7.4% vs 8.8% for 
no fusion) but the difference was not significant (chi squared p-value 0.2937), 
Patients receiving decompression with fusion were more likely female (58% vs 42% 
chi squared p-value <0.0001) and slightly younger. Procedures performed during 
readmission were similar for the fusion and no fusion cohorts. Fusion was performed 
during the readmission procedure for 58%, decompression without fusion 21% and 
injection 21%. Of the readmitted patients, 16% had multiple readmissions.  
 
DISCUSSION: The failure rate for decompression procedures was approximately 6-7% 
per year whether or not the procedure was instrumented with fusion. (cont’d) 
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GP212. RADIOLOGICAL DIFFERENCE BETWEEN SITTING AND STANDING POSTURE OF 
PATIENTS WITH LUMBAR CANAL STENOSIS  
Nishida, Kotaro; Maeno, Koichiro; Kakutani, Kenichiro; Yurube, Takashi; Zhang, 
Zhongying; Yamamoto, Junya; Hirata, Hiroaki; Doita, Minoru; Iguchi, Tetsuhiro; 
Kurosaka, Masahiro 
Kobe University Graduate School of Medicine, Kobe, Japan 

 

INTRODUCTION: It is well known that the symptoms of lumbar spinal-canal stenosis 
(LSS) are posture dependent. Usually standing posture provokes and sitting posture 
minimizes the LSS symptoms. However, the detailed analysis using LSS patients are 
rarely reported. Our objective was to evaluate the radiological difference between 
symptomatic standing and asymptomatic sitting posture of LSS patients.  
 
METHODS: Fifty-five LSS patients with L4/5 responsible level who have posture-
dependent neurological symptoms were included. Lateral standing and sitting 
posture of radiographs were obtained. Lumbar lordosis (L1-5), sacrum inclination, 
L4/5 disc wedge angle, L4/5 posterior disc height, and minimal distance between L4 
and 5 spinous processes were measured. For eighteen patients, myelography under 
same standing and sitting posture were conducted. The diameter of contrast medium 
column at the middle level of L4 vertebra was measured for control. The shortest 
diameter, and the distance of anterior and posterior compression of the contrast 
medium column at L4/5 level were measured.  
 
RESULTS: In sitting posture, both of the lumbar lordosis and sacrum inclination 
decreased by 11.9±8.7° and 10.2±12.1°, respectively. The distance between L4/5 
spinous process was increased by 4.8mm, L4/5 disc wedge angle was decreased by 
4.7°, and posterior disc height was increased by 1.5mm compared to standing 
posture. In myelography, there was no significant difference in the diameter at the 
middle level of L4 vertebra. However, anterior and posterior compression decreased 
by 3.5±1.1mm and 1.5±2.2mm, respectively. Consequently, the shortest diameter of 
contrast medium column significantly increased with a 1.6-fold higher in sitting 
posture (P<0.05).  
 
DISCUSSION: Our results clearly demonstrate that sitting posture is a relative lumbar 
flexion compared to standing posture and the stenotic condition at L4/5 level 
improves dramatically in sitting posture.  
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GP213. FACTORS ASSOCIATED WITH BALANCE IMPAIRMENT IN LUMBAR SPINAL 
STENOSIS  
Tomkins, Christy C1; Battie, Michele2; Kaumeyer, Nicolla1 
1Mount Royal University, Calgary, Canada; 2University of Alberta, Edmonton, Canada

 

INTRODUCTION: Balance impairment is often reported by people with lumbar spinal 
stenosis (LSS), and is an important indicator of physical function and mobility. 
Identifying factors associated with balance impairment in LSS could aid in 
development of strategies aimed at improving mobility and decreasing risk of falls. 
The purpose of this study was to identify factors associated with self-reported 
balance impairment in people with LSS.  
 
METHODS: Subjects were >45 years of age with LSS confirmed on imaging and by a 
spine surgeon. All subjects completed a Self-Paced Walking Test. Visual analog pain 
scales and body diagrams were completed before and immediately after walking. 
Subjects also completed the Swiss Spinal Stenosis Questionnaire, the Oswestry 
Disability Index (ODI) and the Health Utilities Index. The dependent variable, balance, 
was assessed with the following scale: No I have had no problems with my balance; 
Yes, sometimes I feel that my balance is off; Yes, often I feel that my balance is off. 
Regression analysis was employed.  
 
RESULTS: 49 subjects (66.9 years ± 9.6, 57% female) participated. Walking test 
distance, reported walking difficulty, pain frequency (past month), severity of 
weakness in the legs and feet (past month), back-pain related disability (ODI), 
severity of back pain following walking, presence of leg weakness following walking 
and presence of leg pain following walking were associated (<0.05) with balance in 
univariate analysis. Only 3 variables entered the final multivariable model: walking 
distance, pain frequency (past month) and presence of post-walking leg weakness 
(r2=0.64).  
 
DISCUSSION: Factors found to be most highly associated with balance impairment in 
LSS were walking capacity, pain frequency over the past month and presence of leg 
weakness immediately following walking. Research would be needed to investigate 
whether modifying these factors through targeted interventions would lead to 
concomitant changes in balance.  
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GP214. CLINICAL VALIDITY OF THE NERVE ROOT SEDIMENTATION SIGN FOR THE 
DIAGNOSIS OF LUMBAR SPINAL STENOSIS  
Barz, Thomas1; Staub, Lukas P2; Lord, Sarah J2; Melloh, Markus3; Merk, Harry R4 
1Asklepios Klinikum Uckermark, Department of Orhopaedic Surgery, Schwedt/Oder, 
Germany; 2NHMRC Clinical Trials Centre, The University of Sydney, Sydney, Australia; 
3Dunedin School of Medicine, University of Otago, Dunedin, New Zealand; 
4Department of Orthopaedic Surgery, University of Greifswald, Greifswald, Germany

 

INTRODUCTION: The Nerve Root Sedimentation Sign in transverse magnetic 
resonance imaging has been shown to discriminate well between selected patients 
with and without lumbar spinal stenosis (LSS), but the performance of this new test, 
when used in a broad patient population, is not yet known.  
 
METHODS: We conducted a retrospective study of consecutive patients with 
suspected LSS from 2004-2006, before the sign had been described, to assess its 
association with health outcomes. Based on clinical and radiological diagnostics, 
patients had been treated with decompression surgery or conservative treatment 
(physical therapy, oral pain medication). Changes in the Oswestry Disability Index 
(ODI) from baseline to 24 month follow-up were compared between Sedimentation 
Sign positives and negatives in both treatment arms.  
 
RESULTS: Of the 146 included patients (52% female, mean age 59 yrs), 71 underwent 
surgery. Baseline ODI in this treatment arm was 52%, the sign was positive in 44 
patients (mean ODI improvement 25 points) and negative in 27 (ODI improvement 
24), with no significant difference between groups. In the 75 patients of the 
conservative treatment arm, baseline ODI was 44%, the sign was negative in 45 (ODI 
improvement 17), and positive in 30 (ODI improvement 5). Here a positive sign was 
associated with a smaller ODI improvement compared with sign negatives (t-test, 
p=0.003).  
 
DISCUSSION: This study allowed an unbiased clinical validation of the Sedimentation 
Sign by avoiding it influencing treatment selection. In patients commonly treated 
with decompression surgery, the Sedimentation Sign does not appear to predict 
surgical outcomes. Patients with beginning LSS due to spondylolisthesis or scoliosis 
were also included here, which explains the sign negatives. In the conservative 
treatment arm a positive sign appears to identify a group of patients who are less 
likely to benefit. In these cases, surgery might be effective; however this needs 
confirmation.  
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GP215. CONSERVATIVE TREATMENT FOR SPINAL CANAL STENOSIS  
Hanai, Kenji1; Miyashita, Tokuo2; Takeiti, Fuyuhiko1; Ogikubo, Osamu3 
1WAKABA Hospital, Nagoya, Japan; 2Komono Kousei Hospial, Nagoya, Japan; 3Nagoya 
Rehabilitation Center, Nagoya, Japan 

 

INTRODUCTION: Spinal canal stenosis has been considered as a degenerative spine 
disease associated with aging. Intermittent claudication is a characteristic symptom 
of this disease. In this study, effect of the administration of prostaglandin was 
evaluated.  
 
METHODS: Between April 2009 and June 2009, sixty-two patients with spinal canal 
stenosis (29male, 33female) were treated conservatively, whose ages ranged from 48 
to 72 (mean 60.2) years. Their stenosis was confirmed with MRI. Their main symptom 
before the treatments was intermittent claudication. Fifty-six patients (90.3%) 
complained of claudication. To those patients 10ug of prostaglandin E1 (PGE1) were 
administrated by intravenous injection 2 times a week for 3 months. Effect of the 
treatment was evaluated with JOA Score (full score 29) and claudication time. JOA 
score before the treatments were distributed from 10 to 20 (mean 16.3±3.8) points. 
Claudication time were distributed from 8 to 15 (mean 10±2.0) minutes.  
 
RESULTS: Every patient reported temporally improvement of their subjective 
symptoms shortly after the injection, such as cold feeling or numbness of their legs. 
At the final evaluation, JOA score were distributed from16 to 23(mean 22.5±4.0) 
points. Claudication time was distributed from 10 to 25 (mean20.5±3.0) minutes. 
Claudication disappeared in 15 patients (26.7%).  
 
DISCUSSION: We had already reported that congestion of the venous circulation 
around the cauda equina, which represented by elevation of the intraosseous 
pressure of the vertebrae, might be responsible for the onset of the claudication. It is 
supposed from this study that administration of prostaglandin may have some role to 
relieve circulatory disturbance around the cauda equina.  
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GP216. REVISION SURGERY FOLLOWING OPERATIONS FOR LUMBAR STENOSIS  
Deyo, Richard1; Martin, Brook2; Kreuter, William3; Jarvik, Jeffrey3; Angier, Heather1; 
Mirza, Sohail2 
1Oregon Health and Science University, Portland, Oregon, US; 2Dartmouth Medical 
School, Hanover, New Hampshire, US; 3University of Washington, Seattle, WA, US

 

INTRODUCTION: For selected patients with lumbar stenosis, decompression is more 
efficacious than non-surgical treatment. However, some patients undergo repeat 
surgery for complications, failure of solid fusion, or recurrent symptoms. We assessed 
the probability of reoperations following stenosis surgery, and examined associations 
with demographic and clinical characteristics.  
 
METHODS: Retrospective cohort analysis of Medicare claims (US adults ≥ 65 years 
old). Index operations occurred in 2002-2004 (n=84,170), with follow-up through 
2008. Operations were grouped by complexity: decompression alone, simple fusion 
(one or two disc levels, single surgical approach) or complex fusion (more than 2 disc 
levels or combined anterior and posterior approach). Reoperations were calculated 
by year of follow-up, and time to reoperation was analyzed with proportional hazards 
models.  
 
RESULTS: Repeat surgery declined with increasing age or comorbidity. The strongest 
predictor was previous surgery: among patients with previous surgery at the time of 
index operation, the reoperation rate was 18.2% at 4 years, compared to 10.6% 
among those with no prior surgery (p<.001). The reoperation rate for decompression 
alone was slightly higher than for fusions at 1 year, but lower at 4 years (10.9% for 
decompression alone; 11.6% for simple fusion; and 13.4% for complex fusions, 
p<.001). Differences persisted after adjusting for demographic and clinical features 
(hazard ratio for complex fusion vs. decompression 1.45 (95% CI 1.27, 1.67). 
Following fusion surgery, 28.0% of reoperations indicated a device complication.  
 
DISCUSSION: Repeat surgery for lumbar stenosis declined with increasing age or 
comorbidity, perhaps because of greater risks. The strongest predictor of repeat 
surgery was an operation prior to the index operation. Fusion operations were not 
associated with lower rates of repeat surgery after the first postoperative year, and 
complex fusions had the highest rate of reoperations.  
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GP217. CORRELATION BETWEEN CROSS-SECTIONAL AREA OF THE LUMBAR SPINAL 
CANAL AND THE TYPE OF CLINICAL SYMPTOMS IN PATIENTS WITH LUMBAR SPINAL 
STENOSIS  
Mukaiyama, Keijiro; Takahashi, Jun; Hashidate, Hiroyuki; Ogihara, Nobuhide; Kato, 
Hiroyuki 
Shinshu University, Orthopaedics, Matsumoto, Japan

 

INTRODUCTION: The aim of this study is to evaluate the correlation between cross-
sectional area (CSA) of the lumbar spinal canal and the type of clinical symptoms in 
patients with lumbarspinal stenosis (LSS) using CT-myelogram (CTM).  
 
METHODS: Eighty-eight patients (41males, 47 females, mean age: 70.5 years) who 
underwent decompression with/without fusion at L4/5 level were evaluated. They 
were divided into three groups according to the type of preoperative neural 
symptom. Nerve root group (n=34, mean age: 69.4 years) had intermittent 
claudication with leg pain caused by unilateral nerve root. Cauda equina group (n=11, 
mean age: 72 years) had numbness of legs or perianal area or had neurogenic 
bladder. Mixed type group (n=43, mean age:70.9 years) had symptoms of both nerve 
root and cauda equina. All patients underwent preoparative CTM of lumbar spine. 
Cross-sectional area of the lumbar spinal canal at L4/5 level was measured using 
CTM.  
 
RESULTS: In some patients with extremely severe spinal canal stenosis which showed 
total block or subtotal block by myelogram, CSA was unmeasurable. The number of 
patients who had more severe stenosis (CSA<40mm2) was 8(23.5%) in Nerve root 
group, 9(81.8%) in cauda equine group, and 28(65.1%) in Mixed type group.  
 
DISCUSSION: The types of clinical symptoms of LSS vary depending on the location of 
a dorsal root ganglion or severity of stenosis. In this study, a small CSA related to 
cauda equina lesion. It seems possible that patients with nerve root lesion undergo 
surgical treatment because of a severe leg pain before symptoms of cauda equina 
develop. Therefore the percentage of patients with severely small CSA was higher in 
Cauda equina group. It seems that presence of cauda equina symptoms reveals more 
severe stenosis.  
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GP218. LUMBAR SPINAL STENOSIS WITH PERIPHERAL ARTERIAL DISEASE. PART 2  
Uesugi, Kazuhide1; Miho, Sekiguchi1; Shin-ichi, Kikuchi1; Masahiro, Kanayama2; 
Kazuhisa, Takahashi3; Chiba, Kazuhiro4; Minoru, Doita5; Yasumitsu, Toribatake6; 
Hiroshi, Matsuo7; Seiji, Yasumura8; Kazuo, Yonenobu9; Shin-ichi, Konno1; Yukihiro, 
Matsuyama10 
1Fukushima Medical University, Orthop Surgery, Fukushima City; 2Hakodate Central 
General Hospital, Spine Center, Hakodate City; 3Chiba university, Orthop Surgery, 
Chiba City, 4Keio University, Orthop Surgery, Tokyo City; 5Kobe University, Orthop 
Surgery, Kobe City; 6Koseiren Takaoka Hospital,  Surgery, Takaoka City; 7Matsuo 
Clinic, Matsuo Vascular Ultrasound Lab, Osaka City; 8Fukushima Medical Univ, Public 
Health, Fukushima City; 9Osaka Minami Medical Center, Orthop Surgery, Osaka City; 
10Hamamatsu University School of Medicine, Orthop Surgery, Hamamatsu City, Japan 

 

INTRODUCTION: We have reported that the prevalence of lumbar spinal stenosis 
(LSS) with peripheral arterial disease (PAD) (LSSPAD) was 6.7%, and the clinical 
characteristics of LSSPAD were elderly patients, male, and the high prevalence of 
diabetes, ischemic heart disease and arrhythmia. The aim of this study was to 
compare the improvements of symptoms and QOL after treatments between LSS 
patients with and without PAD.  
 
METHODS: A total of 570 patients diagnosed with LSS by the clinical diagnostic 
support tool and MRI at 64 medical facilities were enrolled in this study. History 
taking, physical examination, ankle-brachial index (ABI), the Japanese Orthopaedic 
Association Back Pain Evaluation Questionnaire (JOABPEQ), and the Short Form 36 
(SF-36) were performed. LSS patients with PAD or ABI below 0.9 were in the LSSPAD 
group, while LSS patients without PAD were in the control group. Statistical analyses 
were performed using t test, Mann-Whitney's U test, and multivariate recurrence 
analysis. P values less than 0.05 were considered statistically significant.  
 
RESULTS: Of the 570 enrolled, 488 (78.6%; 234 males, 214 females) were followed up 
on at three months after treatment. The LSSPAD group included 30 patients (6.7%). 
There was no significant difference of treatments for LSS between the LSSPAD (non-
surgery 53.3%, surgery 46.7%) and the control (non-surgery 48.1%, surgery 51.9%) 
groups. The improvement of pain in the buttocks and legs in the LSSPAD group was 
less than in the control group (p<0.05). Scores on the JOABPEQ did not differ 
significantly between the LSSPAD and control groups. While improvements of scores 
on "general health" of the SF-36 were lower in the LSSPAD group compared with the 
control group (p<0.05).  
 
DISCUSSION: Patients with LSSPAD might have intractable pain in the buttocks and 
legs, and have less improvement of QOL. Clinicians should consider the prevalence of 
PAD in LSS patients with intermittent caludication.  
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GP219. SOLID FUSION RESULTS IN BETTER LONG TERM FUNCTIONAL OUTCOME IN 
ELDERLY PATIENTS 
4-8 YEAR FOLLOW-UP ON A RANDOMIZED CONTROLLED MULTI-CENTER TRIAL ON 
THE EFFECT OF DC-STIMULATION ON SPINAL FUSION IN PATIENTS ABOVE 60 YEARS  
Andersen, Thomas1; Christensen, Finn Bjarke1; Ernst, Carsten2; Fruensgaard, Søren3; 
Østergaard, Jørgen4; Andersen, Jens Langer2; Rasmussen, Sten5; Niedermann, Bent1; 
Høy, Kristian1; Helmig, Peter1; Holm, Randi1; Lindblad, Bent Erling1; Hansen, Ebbe 
Stender1; Egund, Niels6; Bünger, Cody1 
1Aarhus University Hospital, Orthop Depart E, Aarhus; 2Esbjerg Regional Hospital, 
Orthop Dept, Esbjerg; 3Holstebro Regional Hospital, Orthop Dept, Holstebro,; 4Viborg 
Regional Hospital, Orthop Dept, Viborg, 5Vejle Regional Hospital, Orthop Dept, Vejle,; 
6Aarhus University Hospital, Dept of Radiology R, Aarhus, Denmark 

 

INTRODUCTION: The optimal fusion method in older patients has been debated. 
Some studies suggest achievement of solid fusion results in better clinical outcomes. 
Use of direct current electrical stimulation (DC-stimulation), could be one way to 
achieve this. The aim of the present study was to assess the effect of DC-stimulation 
on long term functional outcome after uninstrumented spinal fusion in elderly 
patients and to evaluate the importance of achieving solid fusion. 
 
METHODS: 4-8 year follow-up on a multi-centre randomized clinical comparing DC-
stimulation to a control group in older patients undergoing uninstrumented spinal 
fusion using allograft. 74 patients (76% of original sample) consisting of 26 males and 
48 women, with a mean age at follow-up of 76 years (range 65-89 years) completed 
the long term follow-up. Mailed versions of Dallas Pain Questionnaire (DPQ), Low 
Back Pain Rating Scale pain index (LBPRS) and SF-36 as well as self reported amount 
of pain medication was used as outcome measures. Fusion was assessed at two years 
using thin slice CT-scanning. 
 
RESULTS: No difference between the control and the DC-stimulated group could be 
demonstrated in any of the outcome parameters. This could not be attributed to 
difference in dropouts between the two groups. Improvement from preoperative 
DPQ scores at long term follow-up was still significant in two out of four categories in 
the DC-stimulated group but not in the control group. Patients who were solid fused 
had better scores in the physical function (p=0.09) and bodily pain (p=0.06) subscales 
of the SF-36 as well as a significant better physical component summary score 
(p=0.03). 
 
DISCUSSION: No additional benefit of DC-stimulation to uninstrumented fusion in 
patients older than 60 years could be proven. Patients who obtained a solid fusion 
had superior results compared to patients with a non-union. 
This study received unrestricted support from Biomet/EBI of 180.000 DKr.  
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GP220. LUMBAR SPINAL STENOSIS IN THE COMMUNITY: THE RELATIONSHIP 
BETWEEN QOL AND THE CROSS-SECTIONAL AREA OF THE CAUDA EQUINA IN MR 
IMAGING  
Otani, Koji; Kikuchi, Shin-ichi; Yabuki, Shoji; Onda, Akira; Nikaido, Takuya; Watanabe, 
Kazuyuki; Konno, Shin-ichi 
Fukushima Medical University, Orthopaedic Surgery, Fukushima City, Japan 

 

INTRODUCTION: Lumbar spinal stenosis (LSS) seems to be common in the elderly. 
And the presence of LSS might have a strong negative influence on both low-back-
pain related disability and HR-Qol. However, there is still controversy the relationship 
between MR imaging and clinical symptom. The purpose of this study was to clarify 
the relationship between the cross-sectional area of dural sac and Qol. 
 
METHODS: 459 people (148 male and 311 female, largest number in the 8th decade 
of life) agreed to participate and were interviewed and received conventional MR 
imaging in lumbar spine. These comprised approximately 5.3 % of the local 
population. The presence of LSS was assessed by a specially designed questionnaire. 
Roland-Morris Disability Questionnaire (RDQ) for evaluation of low-back-pain related 
disability and SF-36 were also evaluated. The dural sac cross-sectional area through 
the central part of the disc on T2 weighted image was measured by using 
conventional method described by Hamanishi (J Spinal Dis 1994). 
 
RESULTS: 1) Using questionnaire, 127 people was judged as LSS positive and 332 
people as LSS negative , respectively. 2) Cut off point of LSS by the narrowest dural 
sac area was 65mm2. Its sensitivity was 0.60 and specificity was 0.56. These were 
relatively lower. This means that dural sac area itself is insufficient for judgment of 
symptomatic LSS. 3) The dural sac cross-sectional area did not have any influence on 
RDQ for evaluation of low-back-pain related disability and SF-36. 
 
DISCUSSION: When we see patient, we should carefully consider that MR imaging 
findings such as the dural sac cross-sectional area is not equal to clinical symptom 
and Qol. ½  
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GP221. DIAGNOSTIC VALUE OF THE LUMBAR EXTENSION-LOADING TEST 
COMPARED WITH THE GAIT-LOADING TEST IN PATIENTS WITH LUMBAR SPINAL 
STENOSIS - A PROSPECTIVE COHORT STUDY  
Takahashi, Naoto; Kikuchi, Shin-ichi; Yabuki, Shoji; Otani, Koji; Konno, Shin-ichi 
Fukushima Medical University, Orthopaedic Surgery, Fukushima city, Japan 

 

INTRODUCTION: The lumbar extension-loading test is one of a diagnostic loading 
tests for patients with lumbar spinal stenosis (LSS). However, the efficacy of this test 
is still uncertain. The purpose of this study was to analyze the diagnostic value of this 
test compared with the gait-loading test in patients with LSS.    
 
METHODS: The subjects were 109 cases (58 males and 51 females) of LSS between 
the year 2001 and 2010. The lumbar extension-loading test was to keep lumbar 
extension posture at standing as long as possible. We examined subjective symptoms 
and objective findings (motor, sensory and reflex) before and after the lumbar 
extension-loading test and the gait-loading test. The efficacy of the lumbar extension-
loading test for diagnosis of the responsible level was assessed and compared with 
that of the gait-loading test.    
 
RESULTS: Changes in subjective symptoms and neurological findings after the lumbar 
extension-loading(E-L) or the gait-loading(G-L) test were classified into 4 types; Type 
A: new symptoms/findings were evoked, Type B: increase of the degree of symptoms 
and/or findings, Type C: increase of the degree, also new symptoms/findings evoked, 
and Type D: no changes.  
 
1) Incidence of each type  

  A B C D 

Symptoms E-L 35 (32%) 60 (55%) 10 (9%) 4 (4%) 

Symptoms G-L 35 (32%) 60 (55%) 11 (10%) 3 (3%) 

Motor E-L 11 (10%) 46 (42%) 16 (15%) 36 (33%) 

Motor G-L 11 (10%) 48 (44%) 16 (15%) 34 (31%) 

Sensory E-L 3 (3%) 34 (31 %) 2 (2%) 70 (64%) 

Sensory G-L 3 (3%) 34 (31 %) 2 (2%) 70 (64%) 

Reflex E-L 29 (27%) — — 80 (73%) 

Reflex G-L 28 (26%) — — 81 (74%) 

(cont’d) 
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The lumbar extension-loading test emphasized symptoms/findings in 105 cases 
(96%). The incidence of each type in the lumbar extension-loading test was similar to 
the gait-loading test.  
 
2) Efficacy for the diagnosis of the responsible-level: In 57 cases (52%), the lumbar 
extension-loading test and the gait-loading test evoked new symptoms and/or 
findings and was helpful to determine the true responsible level.  
 
DISCUSSION: The lumbar extension-loading test which is performed without gait is 
useful for understanding the pathology of patients with LSS. The lumbar extension-
loading test can determine the true responsible-level similarly to the gait-loading 
test.  

 

 

.  
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GP222. MIDSAGITTAL DIAMETER IS NOT RELATED TO FUNCTIONAL STATUS OR 
DISABILITY IN LUMBAR SPINAL STENOSIS  
Lange, Jeffrey1; Archer, Benjamin2; Eskander, Mark1; Franklin, Patricia1; Connolly, 
Patrick1; Eck, Jason1 
1University of Massachusetts, Orthopedic Surgery, Worcester, US; 2Tulane University 
School of Medicine, New Orleans, US 

 

INTRODUCTION: Lumbar spinal stenosis (LSS) may be treated surgically or non-
surgically with good effect. In cases of LSS involving neurological deficit, however, 
long-term neurological recovery is improved when surgical rather than non-surgical 
management is undertaken. Strong evidence linking radiologic severity of LSS and 
clinical symptomatology is lacking, causing treatment decisions to rely heavily on 
symptomatology rather than on imaging criteria. The purpose of this study was to 
assess the correlation between symptomatolgy and midsagittal diameter as 
measured on MRI in order to evaluate this metric’s potential use as a guide for 
treatment decision-making.  
 
METHODS: In this retrospective review of a prospectively collected patient cohort, 
102 consecutive patients with diagnoses of neurogenic claudication and LSS were 
identified. Midsagittal diameter at each involved lumbar level was measured on axial 
MRI images. The point of maximal stenosis was used to represent midsagittal 
diameter. Pearson’s correlation was calculated between the magnitude of midsagittal 
diameter and (1) SF36-MCS score, (2) SF36-PCS score, and (3) Oswestry Disability 
Index (ODI).  
 
RESULTS: We found no correlation between midsagittal diameter and level of patient 
function. Average midsagittal diameter, SF36 MCS score, SF36 PCS score, and ODI 
were 11.17 mm (range 7-19 mm), 50.04 (range 19.81-67.80) 29.03 (range 5.50-
47.87), and 55.49 (range 28.89-90.00), respectively. Pearson’s correlations between 
midsagittal diameter and SF-36 MCS, SF-36 PCS, and ODI were -0.23, 0.20, and 0.08, 
respectively.  
 
DISCUSSION: Our study indicates that a patient’s physical health, mental health, and 
functional status do not correlate with the degree of their anatomic LSS as measured 
by midsagittal diameter on MRI. This finding highlights the importance of clinical 
symptomatology in the assessment and treatment of patients with LSS regardless of 
radiologic findings.  
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GP223. FUNCTION AFTER SPINAL TREATMENT, EXERCISE AND REHABILITATION 
(FASTER): COST-EFFECTIVENESS ANALYSIS BASED ON A RANDOMISED CONTROLLED 
TRIAL  
Morris, Stephen1; Morris, Tim2; McGregor, Alison3; Doré, Caroline2 
1University College London, London, UK; 2MRC Clinical Trials Unit, London, UK; 
3Imperial College London, London, UK 

 

INTRODUCTION: This study reports on a cost-effectiveness analysis performed as 
part of a randomized controlled trial which aimed to elucidate whether the functional 
outcome of two common spinal operations could be improved by a programme of 
post-operative rehabilitation that combines professional support with graded active 
exercise and/or an educational booklet based on evidence-based messages and 
advice, each compared with usual care.  
 
METHODS: 338 patients were recruited into the study between June 2005 and March 
2009. Patients were randomized to rehabilitation only, booklet only, rehabilitation 
plus booklet, or usual care only. Interactions between booklet and rehabilitation 
were non-significant, hence we compare booklet versus no booklet and rehabilitation 
versus no rehabilitation. We adopt an English National Health Service (NHS) and 
personal social services perspective. Data on outcomes and costs are based on 
patient level data from the trial. A one year time horizon was used. Outcomes were 
measured in terms of quality-adjusted life years (QALYs). Health-related quality of life 
was reported by patients using the EQ-5D. A comprehensive range of health service 
contacts were included in the cost analysis.  
 
RESULTS: There were no significant differences in costs or outcomes associated with 
either intervention. Mean incremental costs and mean QALYs gained per patient of 
booklet versus no booklet were -£87 (95% CI, -£1221 to £1047) and -0.023 (95% CI, -
0.068 to 0.023), respectively. Figures for rehabilitation versus no rehabilitation were 
£160 (95% CI, -£984 to £1304) and 0.002 (95% CI, -0.044 to 0.048), respectively. 
Neither intervention was cost-effective when compared with the threshold range 
used to judge the cost-effectiveness of an intervention in the NHS.  
 
DISCUSSION: Cost-effectiveness evidence does not support use of booklet over no 
booklet or rehabilitation over no rehabilitation for the postoperative management of 
spinal surgery patients.  
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GP224. POSTOPERATIVE SATISFACTION IN ELDERLY PATIENTS WITH LUMBAR 
SPINAL STENOSIS: A PROSPECTIVE COHORT STUDY  
Kawakami, Mamoru; Nakao, Shinichi; Fukui, Daisuke; Kadosaka, Tasunori; Morishita, 
Shoko; Matsuoka, Yoshiko 
Wakayama Medical University Kihoku Hospital, Spine Care Center, Katsuragi Cho, Ito 
Gun, Japan 

 

INTRODUCTION: The aim of this study was to examine the satisfaction and associated 
factors in patients aged 65 years and older, who underwent surgery for lumbar spinal 
stenosis (LSS), up to the 1-year postoperative phase.  
 
PATIENTS AND METHODS: Sixty-four patients (mean age 75 years, men 34%) with 
symptomatic LSS were included. Data collection took place with the same set of 
questionnaires before surgery and 1 year postoperatively. Postoperative satisfaction 
was assessed with the two-item visual analog scale (full satisfaction 100mm): 1. Did 
you satisfy with the surgical results? 2. Did you want to receive the same surgery? In 
addition, patients' preoperative expectation, comorbidity, depression scale, pain, 
numbness and points of five subscale calculated from Japanese Orthopaedic 
Association Back Pain Questionnaire (JOABPEQ), which consists of pain-related 
disorder, lumbar spine dysfunction, gait disturbance, social life disturbance and 
psychological disorder were assessed. Multiple regression analysis was used to 
examine a predictor of postoperative satisfaction.  
 
RESULTS: Mean satisfaction 1 and 2 were 78.5mm and 64.2mm, respectively. Two 
statistical significant models were obtained: Satisfaction 1 = 39.3 + 0.3 x acquired 
points of gait disturbance + (-0.3 x postoperative leg numbness) + 0.3 x preoperative 
leg pain + 0.2 x preoperative points of lumbar spine dysfunction (R = 0.8) and 
Satisfaction 2 = 33.4 + 0.5 x postoperative points of social life disturbance + (-0.45 x 
postoperative leg numbness) + 0.35 x preoperative points of lumbar spine 
dysfunction (R = 0.7). There were no statistical relationships between the satisfaction, 
preoperative expectation and depression scale.  
 
DISCUSSION: Preoperative lumbar spine dysfunction and postoperative leg numbness 
were predictor factors of patients' satisfaction. It is possible that early surgical 
intervention for elderly LSS patients with lumbar spine dysfunction and leg numbness 
improves the postoperative satisfaction.  
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GP225. ANALYSIS OF COMPLICATIONS WITH XSTOP  
Strömqvist, Björn3; McCarthy, Timothy1; Iezza, Alexander2; Vaughn, Charles1; Hsu, 
Ken1; Khondrashov, Dimitriy1; Nosova, Emily1; Zucherman, James1 
1St. Marys Spine Center, San Francisco, US; 2Redwood Orthopaedic Surgery Associates, 
Santa Rosa, US, 3Lund, Sweden 

 

INTRODUCTION: The Xstop is a minimally invasive interspinous distraction device for 
the treatment of lumbar spinal stenosis. Previous studies have demonstrated the 
clinical effectiveness of the Xstop. No large series of Xstop complications with over 3 
year follow up have been reported to date. The objective of this study was to perform 
an analysis of complications on a consecutive series of patients treated with the 
Xstop.  
 
METHODS: Outcomes data was prospectively collected on a consecutive series of 300 
patients with degenerative lumbar stenosis treated with the Xstop from January 2006 
through August 2007. This group included patients with or without low grade 
degenerative spondylolisthesis. Patients were evaluated for complications at regular 
intervals following implantation of the Xstop. Standard outcomes data including ODI 
was also collected.  
 
RESULTS: Follow up ranged from 3 – 4.5 years. There were no deaths, major medical 
complications or new neurologic deficits related to the Xstop. Twenty patients (6.7%) 
had postoperative complications and ten patients (3.3%) underwent reoperation. 
There were 5 cases of spinous process fracture and or device migration, 3 new 
postoperative radiculopathies, 1 infection, 1 superficial hematoma. Six patients 
underwent revision Xstop placement, three patients had their Xstops were removed 
and one was revised to a posterior fusion and laminectomy. Average ODI improved 
by 34.4 on a 100 point scale.  
 
CONCLUSION: In our series of 300 patients the Xstop was associated with low 
complication and reoperation rates. There were no deaths, major medical 
complications or neurologic deficits associated with the Xstop in our study group. 
Furthermore the study patients had substantial clinical improvement in ODI score at 
final follow up of 3 – 4.5 years.  
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GP226. TREATMENT OPTIONS FOR TWO-LEVEL SYMPTOMATIC DISC 
DEGENERATION: COMPARISON OF TOTAL DISC REPLACEMENT, FUSION, AND 
HYBRID  
Duffy, Michael1; Saqqa, Samer2; Zigler, Jack1; Guyer, Richard1; Ohnmeiss, Donna2; 
Blumenthal, Scott3 
1Texas Back Institute, Plano, US; 2Texas Back Institute Research Foundation, Plano, 
US; 3Texas Back Institute, Plano, Texas, US 

 

INTRODUCTION: Symptomatic two-level disc degeneration has traditionally been 
treated with fusion after non-operative interventions have failed. The purpose of this 
study was to compare peri-operative data and outcomes of two-level total disc 
replacement (TDR), combined anterior/posterior (360) fusion, and the hybrid 
combination of TDR at one level and fusion at the other.  
 
METHODS: The primary outcome measure was the Oswestry Disability index (ODI). 
Data were collected from the two-level ProDisc-L vs. 360 fusion FDA IDE trial, and 
from a log of all TDR cases performed at our center. For the non-IDE study patients, 
charts were reviewed and the peri-operative data and ODI scores were recorded. 
Only patients with a minimum of 12 month follow-up data were included in this 
analysis.  
 
RESULTS: The groups did not differ in age or body mass index values. The operative 
time and length of hospital stay were significantly greater in the 360 fusion group 
than in either of the other two groups (p<0.05; ANOVA). The pre-operative ODI score 
was greater in the 360 group, but there were no significant differences in the post-
operative scores or the percentage improvement from pre- to post-operative ODI 
values. 
Table 1. Comparison of peri-operative parameters and ODI scores in the three groups. 

 TDR 360 fusion Hybrid 

N patients 116 23 16 

Operative time (min)*^ 94.6 250.8 119.0 

Blood loss (cc) 110.9 190.6 161.8 

Length of hospital stay (days)*^ 2.1 2.5 3.6 

Follow-up length (mo)^ 18.0 21.8 15.3 

Pre-op Oswestry*^ 55.7 66.0 51.0 

Post-op Oswestry 28.4 30.5 32.6 

% improvemement in Oswestry 47.0 54.9 35.7 

*Significantly greater in the 360 fusion group than in TDR group 
^ Significantly greater in the 360 group than in the hybrid group (cont’d) 
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DISCUSSION: The 360 fusion group was associated with significantly longer operative 
time and length of hospital stay. ODI scores improved in all three groups. There were 
no significant differences in outcome between the three groups based on ODI scores. 
With a larger sample size, the fusion group may have a greater percentage 
improvement; however, the greater score in this group pre-operatively may skew the 
comparison.  
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GP227. FUNCTIONAL DISABILITIES AFTER LONG-LEVEL LUMBAR FUSION  
Chong-Suh, Lee; Sung-Soo, Chung; Kyung-Chung, Kang; Se-Jun, Park 
Samung Medical Center, Seoul, Republic of Korea

 

INTRODUCTION: There were few reports about functional disabilities after long-level 
lumbar fusion. It is necessary to make a precise evaluation of these functional 
disabilities after long-level fusion.  
 
METHODS: 69 patients who underwent 3 or more level lumbar fusion and randomly 
selected 72 patients who underwent 1 or 2 level fusion were analyzed retrospectively 
with a mean follow-up of 32.6 (range, 12-61) months. Mean age was 66 years (range, 
44-85) and Oswestry Disability Index (ODI) and Visual Analog Scale (VAS) were 
checked pre- and postoperatively. Except ODI items, new items of specific functional 
disabilities (SFD) were collected in clinic and categorized. Each disability was assessed 
according to its own severity (range, 0~4). Patients' satisfaction grades were also 
evaluated. Group I (3 or more level) and Group II (1 or 2 level) were compared.  
 
RESULTS: Mean postoperative ODI in Group I (38.4) was significantly higher than in 
Group II (25.8) (p<.001). In all 10 items of ODI, mean scores in Group I were higher 
than in Group II postoperatively and of them, higher score differences were showed 
in the items of Lifting, Walking, Sitting, Standing, and Travelling. In all items of SFD, 
mean scores in Group I were also higher than in Group II postoperatively and the 
items showing higher score differences were Sitting on the floor, Sanitation activities, 
Daily activities on lower body, Standing from sitting or lying, and Walking with 
stooping. Postoperatively, 62.1% were satisfied with surgical treatment in Group I 
and 77.0% in Group II. Fusion length showed significant correlations with 
postoperative ODI (p<.001, r=.336) and a satisfied group showed significantly lower 
fusion length (p=.014) and postoperative ODI (p<.001).  
 
DISCUSSION: Patients with long-level lumbar fusion showed more severe functional 
disabilities than patients with short-level fusion. Surgeons should know these adverse 
effects associated with fusion length and inform the patients before surgery.  
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GP229. INVESTIGATING THE POTENTIAL EFFECT OF "EUPHORIC BIAS" FOR THE NEW 
TECHNOLOGY ON RESULTS OF RANDOMIZED LUMBAR TOTAL DISC REPLACEMENT 
TRIALS  
Ohnmeiss, Donna1; Blumenthal, Scott2; Guyer, Richard2 
1Texas Back Institute Research Foundation, Plano, US; 2Texas Back Institute, Plano, US

 

INTRODUCTION: Lumbar total disc replacement (TDR) vs. fusion trials have found 
TDR to yeild outcomes similar or superior to fusion. The question has arisen if results 
may be influenced by patients’ enthusiasm for getting the new technology, creating 
what we have termed "euphoric bias". The purpose of this study was to compare 
results of the same TDR when used as the investigational device vs. results when 
serving as a control.  
 
METHODS: The same brand of TDR was implanted in three patient subgroups at a 
single center: prospective FDA randomized trial (patients randomized to Charite or 
fusion) as the investigational device (n=48; investigational group); the same protocol 
under continued access (not randomized; n=12); and as the control in the Kineflex-L 
FDA trial (n=28; Control group; patients randomized to one of two TDRs). All patients 
were treated for single-level disc degeneration at L4-5 or L5-1. There were no 
significant differences between groups based on age, gender, body mass index, or 
level operated.  
 
RESULTS: There were no significant differences in Oswestry scores with respect to the 
TDR subgroups (Figure 1; ANOVA, p>0.05). All groups improved significantly by 6-
week follow-up and remained improved through 24-month follow-up (p<0.01). There 
was no significant difference in the 24-month re-operation rate between groups 
(investigational 6.1%, continued access 0.0%, and control 3.6%; p>0.05). (cont’d) 
 

 
 
Figure 1. No significant differences in Oswestry scores at any follow-up period.  
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DISCUSSION: There was no difference in results when comparing TDR as the "new" 
investigational device to which patients were randomized, patients knowing they 
would receive the same device as part of a continued access study, or when the same 
device served as the control, rather than the new investigational device. This study 
found that the good results reported for TDR are not likely to be related to a euphoric 
bias created by being randomized to receive the "newest" technology.  
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GP230. THE OUTCOME OF LUMBAR SPINAL SURGERY IN DIABETIC PATIENTS  
Suzuki, Akinobu; Terai, Hidetomi; Toyoda, Hiromitsu; Dozono, Sho; Matsumoto, 
Tomiya; Yasuda, Hiroyuki; Yamada, Kentaro; Tsukiyama, Kuniaki; Nakamura, Hiroaki; 
Takahashi, Shinji 
Osaka City University, Orthopaedics, Osaka, Japan 

 

INTRODUCTION: The number of patients diagnosed with diabetes mellitus (DM) is 
increasing worldwide. Several reports demonstrated that DM is a risk factor for 
surgical site infection or other complications following lumbar surgery. Additionally, 
DM sometimes causes peripheral neuropathy or angiopathy; however, there are few 
reports regarding the outcome of lumbar surgery in patients with DM. The purpose of 
this study was to assess and compare the outcome of lumbar surgery in patients with 
and without DM.  
 
METHODS: The study was a retrospective chart analysis conducted in our institution. 
The participants were consecutive patients aged 50 and older undergoing 
discectomy, posterior decompression or spinal instrumentation for lumbar disc 
herniation or spinal stenosis from 2006 to 2009. We assessed clinical and 
demographic data of patients, surgical procedures and intensity of low back pain, leg 
pain and leg numbness using a visual analogue scale pre-and post-operation. 
Functional outcome was also evaluated using the Japanese Orthopaedic Association 
(JOA) score for low back pain pre-and post-operation.  
 
RESULTS: A total of 41 patients with DM (DM group) and 132 patients without DM 
(control group) were included in this study. There were no significant differences in 
pre- and post-operative JOA score between the groups. However, the reduction in 
low back pain and leg numbness post-operation were significantly lower in the DM 
group compared with the control group (p = 0.042 and 0.041, respectively). 
Reduction of low back pain in the DM group with instrumentation surgery was 
especially low compared with the control group with instrumentation surgery.  
 
DISCUSSION: In conclusion, the functional outcome of lumbar surgery in patients 
with DM was comparable with that in those without DM; however, improvement of 
low back pain and leg numbness was worse in patients with DM.  
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GP231. ASSESSMENT OF HEALTH-RELATED QUALITY OF LIFE AFTER SURGICAL 
TREATMENT OF OSTEOARTHRITIS OF THE HIP OR KNEE COMPARED TO 
DEGENERATIVE SPINAL STENOSIS. A PROSPECTIVE STUDY OF 662 PATIENTS  
Javier, Orovio1; Julio, Villar2; Manuel, Fernandez2; Luis, Alvarez3; Study Group, XIA4; 
Study Group, Symax4; Study Group, Scorpio4 
1Hospital General de Cataluña, Orthopaedic Department, Barcelona, Spain; 2Complejo 
Hospitalario, Orthopaedic Department, Leon, Spain; 3Fundación Jiménez Díaz, Spine 
Service, Madrid, Spain; 4Stryker, Madrid, Spain 

 

INTRODUCTION: In the last decade, the number of patients undergoing surgical 
treatment for lumbar spinal stenosis (LSS), has significantly increased. The purpose of 
this study was to directly compare the relative improvement in self-reported quality 
of life and function after surgical intervention for groups of patients with primary 
hip/knee osteoarthritis (H-OA/K-OA) and lumbar spinal stenosis surgery (LSS).  
 
METHODS: We performed an observational cohort study of prospectively collected 
outcomes. Patients, following elective primary one- to two-level spinal 
decompression (n=207) with fusion for FLSS, were compared with a cohort of 
patients who had undergone elective total hip (n=202) or total knee (n=253) 
arthroplasty (total joint arthroplasty [TJA]) for primary osteoarthritis. Medical 
Outcomes Study Short Form-12, and a functional outcome (ODI, HSS and Harris) were 
used. Patents were obtained for prospective outcomes databases. The primary 
outcome measure was the relative change between preoperative and 1 and 2 years 
postoperative questionnaires. Data were analyzed with the t test and repeated 
measures analysis of variance (ANOVA).  
 
RESULTS: Inclusion and exclusion criteria were independently applied, and matching 
was performed in a blinded fashion.  
 
RESULTS: The three groups (FLSS/H-OA/K-OA) were equally matched with respect to 
mean age and sex. The preoperative data on the preoperative Mental and Physical 
scale of the SF-12 we similiar in all (PS: 32,3 LSS, 33,2 H-OK, 33,5 K-OA; MS: 47,0 FL, 
45,9 PTC, 46,2 PTR). At 1 year the improvement was similar in all groups (1 year PS: 
40,3VFLSS, 44,2 H-OA, 44 K-OA p<0,01; MS: 53,5 LSS, 52,8 H-OA, 53 PTR p<0,01) (2 
years EF: 44,6 FL, 45,1 PTC, 44,5PTR p<0,01; EM: 53,0 FL, 52,9 K-OA, p<0,01).  
 
DISCUSSION: The results of this study show that surgical intervention for LSS can 
obtain and maintain improvement in self-reported quality of life comparable to that 
of total hip and knee arthroplasty.  
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GP232. PROGRESSION OF SCOLIOTIC ANGLE AFTER FUSION SURGERY IN 
DEGENERATIVE LUMBAR SCOLIOSIS PATIENTS  
Murata, Yasuaki; Kanaya, Kohichi; Wada, Hiroyoshi; Wada, Keiji; Shiba, Masahiro; 
Hatta, Satoshi; Kato, Yoshiharu 
Tokyo Women's Medical University, Orthopaedic Surgery, Shinjuku, Japan 

 

INTRODUCTION: When the degenerative change in the disc of the lumbar spine 
induces lumbar scoliotic curvature, the condition is called degenerative lumbar 
scoliosis (DLS). DLS often accompanies the secondary curvature to compensate the 
primary curvature. We studied the change of compensated curvature after short 
fusion surgery for the primary curvature.  
 
MATERIALS AND METHODS: A total of 75 DLS patients were selected as subjects. 
Patients were grouped by their fusion methods; fusion surgery for the primary 
curvature with correction of angle (Group A, n=35); fusion surgery for the primary 
curvature without correction (Group B, n=24); and fusion surgery of the primary and 
compensated curvatures (Group C, n=16). The angles of lumbar scoliosis, the fusion 
curvature, and the compensated curvature were measured on the antero-posterior 
radiographs, and were compared between Group A and B.  
 
RESULTS: The angles of fusion vertebrae were significantly corrected in Group A 
compared with those of Group B (p < 0.0001). The average scoliotic angle was 
decreased from 18±8° to 11±6° by surgery in Group A (p < 0.0001), while there was 
no difference between the angles before (17±6°) and 1 week after surgery (15±5°) in 
Group B. The angles of compensated curvature were also decreased from 12±8° to 
8±6° accompanied with the correction in Group A (p < 0.0001), and the decrease 
were maintained 6 months after surgery. One patient showed adjacent segment 
disease within 2 years after surgery in Group A, while 4 in Group B, and 2 in Group C.  
 
CONCLUSION: Compensated scoliotic angle was decreased by the correction of 
another scoliotic angle without neurological deficit. The correction of compensated 
curvature did not influence to the adjacent segment. Although adjacent segment 
disease has been reported to increase after short fusion in severe DLS patients, short 
fusion did not trigger adjacent segment disease when the scoliotic angle was 
corrected by short fusion.  
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GP233. INSTRUMENTED LUMBAR ARTHRODESIS IN ELDERLY PATIENTS: 
PROSPECTIVE STUDY USING CANNULATED CEMENTED PEDICLE SCREW 
INSTRUMENTATION  
Luis, Alvarez1; Angel R, Piñera1; Carmen, Duran1; Belen, Lopez1; Isabel, Saez1; 
Emmanuel, Correia1; Ignacio, Mahillo2 
1Fundacion Jimenez Diaz, Spine Service, Madrid, Spain; 2Fundacion Jimenez Diaz, 
Epidemiology Service, Madrid, Spain 

 

INTRODUCTION: Lumbar fusion in elderly patients is an increasingly common 
procedure with special connotations related to both the patient's underlying disease 
and the biomechanical characteristics of osteoporotic bone. The aim of this 
prospective study is to investigate the clinical and radiological outocome on elderly 
osteoporotic patients over 70 y.o. with degenerative lumbar instability treated with 
fusion using a new cannulated cemented pedicle screw instrumentation augmented 
with PMMA.  
 
METHODS: We included 23 patients with a mean age of 77 y.o with a minimum one 
year follow up (20-49 months). We reviewed the surgical protocols, patient records, 
densitometry, imaging studies and pre and postoperative Visual Analogue Scale, Core 
Outcome Measures Index and Oswestry Disability Index questionnaires. All patients 
have undergone postoperative Tc control to assess leakage of cement and the 
position of instrumentation. Serial radiological controls were also analyzed for 
secondary complications such as adjacent fractures, hardware mobilization and 
radiological evidence of fusion.  
 
RESULTS: Pain and function questionnaires show improvement at 6 months 
maintained at final follow up and 90% of patients increased 15 points or more at final 
follow up.  
 
No patient developed clinical complications secondary to the PMMA leakages. No 
clinical or radiological cases of non-union were observed. There were any fractures in 
adjacent segments. Serial radiologic control showed 4 cases of adjacent disc disease. 
We identified 3 deep infections that required surgical revision without removal of 
material and 1 superficial infection, all with complete remission.  
 
DISCUSSION: The use of a cemented rigid instrumentation in patients with lumbar 
instability maintains clinical improvement and radiologic stability over time. PMMA 
pedicle screws augmentation is a safe and effective technique and may be a good 
alternative to other methods to improve the fixation. (cont’d) 
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GP234. DOES MINIMALLY INVASIVE TRANSFORAMINAL LUMBAR INTERBODY 
FUSION REALLY DECREASE THE RATE OF COMPLICATIONS COMPARED WITH 
CONVENTIONAL LUMBAR FUSION?  
Kim, Moon Chan; Chung, Hung Tae; Kim, Dong Jun; Chun, Sang Ho; Kim, Sang Hyuk 
Bumin hospital /Spine center, Busan, Republic of Korea 

 

INTRODUCTION: Minimally invasive transforaminal lumbar interbody fusion has 
become increasingly popular methods. It offers the advantages over conventional 
spinal fusion, while the relatively limited visualization and the appreciation of the 
learnig curve for new procedure has risk of complications. This purpose of this study 
is to evaluate the rate of complications in minimally invasive transforaminal lumbar 
interbody fusion compared with conventional lumbar fusion.  
 
METHODS: From May 2005 to July 2009, 124 patients who had received minimally 
invasive transforaminal lumbar interbody fusion for degenerative lumbar disease and 
who were followed up for more than 1 year were analyzed. We analysed outcomes of 
dural tear, nerve injury, infection, pseudoarthrosis and clinical parameters such as 
blood loss, operation time, hospital stay. We identified 91 articles from PubMed with 
fulltext evaluating complication associated with spinal fusion procedures. From these 
articles, we judged 12 articles that compared the rate of complications between 
minimally invasive transforminal lumbar interbody fusion and open surgery group. 
Complications and clinical parameter were compared with our outcomes and series 
of 12 articles  
 
RESULTS: We analysed our study and 12 articles that the rates of dural tear, nerve 
injury, infection, pseudoarthrosis. These complications occurred in similar 
proportions between minimally invasive transforaminal lumbar interbody fusion and 
open conventional spinal fusion. There was no statistically difference in two groups. 
But, blood loss, operation time, hospital stay were decreased in minimally invasive 
transforaminal lumbar interbody fusion.  
 
DISCUSSION: We conclude that there is no evidence to reduce the risk of 
complications in minimally invasive transforminal interbody fusion than conventional 
open surgery.But it shows great advantages in clinical parameter by comparing with 
conventional open surgery.  
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GP235. EVALUATION OF THE RISK FACTORS FOR L5 SPINAL NERVE DISORDER AFTER 
LUMBAR FLOATING FUSION WITH TRANSFORAMINAL LUMBAR INTERBODY FUSION 
SURGERY  
Orita, Sumihisa1; Yamagata, Masatsune1; Ikeda, Yoshikazu1; Nakajima, Fumitake1; 
Shimizu, Kou1; Yoshihara, Masakazu1; Iwasaki, Junichi1; Mukoyama, Shunsuke1; 
Hagiwara, Shigeo1; Toshihide, Sasaki1; Yasuchika, Aoki2; Inoue, Gen3; Ohtori, Seiji3; 
Takahashi, Kazuhisa3 
1Chiba Rosai Hospital, Dept. of Orthopaedic Surgery, Ichihara, Japan; 2Toho University 
Sakura Medical Center, Dept. of Orthopaedic Surgery, Sakura, Japan; 3Graduate 
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INTRODUCTION: Lumbar floating fusion extending to the L5 vertebra without 
arthrodesis of the lumbosacral junction occasionally cause disorders associated with 
the L5 spinal nerve, such as radicular pain in the lateral side of the lower limb. The 
present study aimed to determine factors that are predictive of L5 nerve root 
disorder and to attain an estimate of its incidence.  
 
METHODS: We evaluated 125 patients who were diagnosed with spondylolisthesis 
and undergone floating fusion with transforaminal lumbar interbody fusion (TLIF) 
surgery. The patients were divided into two groups: the symptomatic group (patients 
with postoperative radicular pain in their lower limb, which coincides with L5 
dermatome area) and the asymptomatic group. We estimated and compared the 
wedging angle (frontal view) and height (lateral view) of the lumbosacral junction in 
preoperative radiographs and the foraminal ratio (ratio of the narrower foraminal 
diameter to wider diameter in the craniocaudal direction at the wedging lumbosacral 
junction) in preoperative MRI scans. The risk factors for the incidence of radicular 
pain two years after surgery were also analyzed using multivariate logistic regression.  
 
RESULTS: Eight of the 125 patients (6.4%) were categorized in the symptomatic group 
average 13.3 months after surgery. The wedging angle was significantly higher (P < 
0.05) and the foraminal ratio was significantly decreased in the symptomatic group (P 
< 0.05) as compared to that in the asymptomatic group. Multivariate logistic 
regression analysis of possible risk factors revealed that the wedging angle (OR: 3.11, 
95%CI: 2.9-35.4) and foraminal ratio (OR: 4.46, 95%CI: 2.0-10.8) were statistically 
significant immediately after surgery as well as two years later.  
 
CONCLUSION: Higher wedging angle and lower foraminal ratio in the lumbosacral 
junction were significantly predictive for the incidence of the L5 nerve root disorder 
expressed as radicular pain in the lower limbs.  
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GP236. LUMBAR TOTAL DISC REPLACEMENT VS. FUSION: ANALYSIS OF COST 
COMPARISON STUDIES  
Guyer, Richard1; Darwish, Ashraf2; Blumenthal, Scott1; Ohnmeiss, Donna2; Zigler, 
Jack1 
1Texas Back Institute, Plano, Texas, US; 2Texas Back Institute Research Foundation, 
Plano, Texas, US 

 

INTRODUCTION: Primary challenges to adoption of new technology are safety, 
effectiveness, and cost. For lumbar total disc replacement (TDR) the first two have 
been addressed in multiple prospective, randomized studies finding TDR to be similar 
or superior to fusion for painful disc degeneration. The purpose of this study was to 
analyze the methods and results of existing studies comparing costs of lumbar TDR 
vs. fusion.  
 
METHODS: A literature search of cost analysis studies comparing TDR to fusion was 
conducted using PubMed. Four such publications were found. Additionally, one 
recently presented study was included.  
 
RESULTS: The five studies use different methods. Some used large scale claims 
databases, others averaged changes, and others used hospital charge data. Fusion 
comparator groups also varied and included anterior lumbar interbody fusion (ALIF), 
combined anterior/posterior (360) fusion, instrumented posterior or transforaminal 
lumbar interbody fusion (PLIF or TLIF), combined with a variety of grafts including iliac 
crest autograft, bone morphogenetic protein (BMP), and fusion cages. The two 
studies using claims databases also accounted for re-operations costs after the index 
surgery. As seen in the table, the studies consistently found TDR to be significantly 
less expensive than 360 fusion or other fusion procedures in which BMP was used. 
The only model in which fusion was less expensive was single-level stand-alone ALIF 
using autogenous iliac crest graft. 
 
DISCUSSION: The five studies used very different methods, which may be due in part 
to the difficulty of collecting reliable, comprehensive cost data. The variability in 
study methodology may actually be a strength, in that regardless of the method used, 
consistent results were obtained. The cost of TDR was lower or similar to fusion with 
the exception of ALIF with autograft and no cage. These studies support that cost 
should not be a barrier to the use of TDR in appropriately-selected patients. (cont’d) 
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GP237. EFFICACY OF NOVEL MINIMALLY INVASIVE SURGERY USING SPINAL 
MICROENDOSCOPE FOR TREATING EXTRAFORAMINAL STENOSIS AT THE 
LUMBOSACRAL JUNCTION  
Yamada, Hiroshi; Yoshida, Munehito; Hashizume, Hiroshi; Minamide, Akihito; 
Nakagawa, Yukihiro; Kawai, Masaki; Iwasaki, Hiroshi; Tsutsui, Syunji 
Wakayama Medical University, Orthopaedic surgery, Wakayama, Japan 

 

INTRODUCTION: The paraspinal approach has been the gold standard to expose the 
operative field for treating extraforaminal stenosis at the lumbosacral junction (EFS). 
Although it seems to be rational, the constricted surgical field of view may 
compromise the surgeon's ability and increase the risk of complications. This 
technique can be improved. The aim of this study was to examine the efficacy of 
minimally invasive surgical technique using spinal microendoscope for this disease.  
 
METHODS: A total of 32 patients, who completed a minimum follow-up (FU) of 2 
years after the surgery, were included in this study. The group consisted of 16 men 
and 16 women with an average age at surgery of 64.0 years and a mean follow-up of 
37.4 months. Clinical results were evaluated according to the JOA score (points), VAS 
(mm) and NASS Low Back Outcome Instrument.  
 
RESULTS: There were no perioperative complications. Two patients required revision 
surgery to correct insufficient decompression in the foramen. In the remaining 30 
patients, the mean JOA score was 15.1 before surgery 22.6 six months after surgery, 
and 23.1 at the final FU. The JOA scores improved significantly after surgery and the 
satisfactory results were maintained until the final FU. The mean recovery rate was 
60.1%. The mean VAS score of leg pain significantly decreased from 80.6 
preoperatively to 12.4. Those for low back pain and leg numbness were also changed 
from 61.4 and 59.7 to 29.6 and 20.0. With regard to satisfaction, 28 out of 32 patients 
(87.6%) satisfied with this procedure.  
 
DISCUSSION: The spinal microendoscopic surgery demonstrated efficacy for treating 
EFS. Quick and easy access, minimal damaging of the back muscles and the bony 
structures could be accomplished utilizing the property of its oblique view and angled 
surgical equipments. This procedure has produced long-lasting favorable outcomes 
and high patient satisfaction. Novel minimally invasive surgery may replace 
conventional open methods.  
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GP238. EXTENDED-RELEASE EPIDURAL MORPHINE PROVIDES A SAFE AND EFFECTIVE 
METHOD OF PAIN CONTROL FOR LUMBAR SURGERY  
Behrend, Caleb; Offley, Sarah1; Coyne, Ellen1; Horodszki, MaryBeth2; Rubery, Paul1; 
Zeidman, Seth3; Rechtine, Glenn3 
1University of Rochester Medical Center, Department of Orthopaedic Surgery, 
Rochester, NY, US; 2University of Florida Orthopaedics and Sports Medicine Institute, 
Gainesville, Florida, US; 3University of Rochester Medical Center, Department of 
Neurosurgery, Rochester, NY, US 

 

INTRODUCTION: This study evaluated the safety and efficacy of intra-operative 
extended-release epidural morphine (EREM) for post-operative analgesia in lumbar 
surgery patients.  
 
METHODS: Men and women (≥ 18 years of age) presenting to three surgeons for 
lumbar surgery were randomly assigned to one of two treatment groups. At the 
completion of surgery, patients received a single 10 or 15 mg dose of EREM under 
direct visualization. Post-operatively, intravenous patient controlled analgesia and 
oral narcotics were provided. Cumulative narcotic was recorded in 6-hour intervals 
for a total of 48 hours. Vital signs, including continuous pulse oximetry, were also 
recorded.  
 
RESULTS: Ninety-eight patients were included in analysis. There were no significant 
differences between the two groups in the total narcotic used at any time point, 
interval or cumulatively. Both groups demonstrated a 58 percent reduction in 
narcotic used during the 6-12 hour interval compared with the 0-6 hour interval (p < 
0.001), and this reduction persisted for the entire study period. No serious adverse 
events directly attributable to EREM were reported. Five patients experienced 
adverse events not related to EREM.  
 
DISCUSSION: A single, intra-operative dose of EREM (10 mg or 15mg) safely provided 
effective post-operative analgesia for lumbar surgery patients. The effect of EREM 
(either dose) was evident between 6-12 hours post-operatively when patient demand 
for additional narcotic analgesia dropped significantly. Since there was no significant 
difference between the two doses, the authors recommend following using the 10 
mg dose and following standard safety precautions for epidural narcotics.  
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GP239. A RADIOLOGICAL ANALYSIS OF MORPHOLOGICAL CHANGES AFTER TLIF AND 
PLF IN THE DEGENERATIVE LUMBAR SPINE  
Serrano, Laura; Neumann, Pavel; Hedlund, Rune 
Sahlgrenska Akademin, Göteborg, Sweden

 

INTRODUCTION: An improved outcome has been suggested by several authors after 

360◦ fusion as compared to posterolateral fusion (PLF) in degenerative lumbar spine 
surgery. The reason for the improved outcome is unclear. A possible mechanism is a 
biomechanically improved situation with interbody fusion. A clinical and radiological 
randomised study of patients with degenerative disc disease (DDD) was performed 
comparing transforaminal interbody fusion (TLIF) and PLF. The clinical outcome of the 
patients in the present study has already been reported, showing a significantly 
better outcome with TLIF.  
 
METHODS: 135 patients with DDD were randomised to non-instrumented PLF (n=67) 
or TLIF (n=68) with pedicle screw fixation. Radiographs were obtained in 124 patients 
before surgery and after 2 years. Disc height (DH) and segmental lordosis angle (SLA) 
were measured at the operative level and at the levels above and below the fusion, 
according to the validated method by Ekman et al (-09).  
 
RESULTS: At the operative level the DH increased by 18% postoperatively for TLIF 
compared to 2.5% for PLF (p<0.01), and was not changed at 2 years. The SLA 

increased postoperatively for TLIF significantly, but only by 2.4◦, and by 0.7◦ for PLF 
(ns). At the level above the fusion the DH was decreased significantly by 31% for TLIF 
and by 35% for PLF at 2 years compared to postoperatively. At the level below the 
fusion no significant changes were observed.  
 
DISCUSSION: The observed increased DH by 18% with TLIF may be of importance for 
the observed improved outcome compared to PLF. The limited increase in lordosis 

(2.4◦), however, seems too marginal to affect sagittal balance or outcome, in 
agreement with Videbaek et al. (-10). At the level above the fusion the DH decreased 
by over 30% in both groups, suggesting an adjacent segment effect.  
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GP240. DURAL TEARS INCIDENCE, TYPES AND OUTCOME FOLLOWING LUMBAR 
SPINE SURGERY- AN ANALYSIS OF DURAL TEARS IN OUR HOSPITAL  
Aithala, Janardhana 
Kasturba Medical College, Manipal University, Manipal., Orthopedics., Udupi, India 

 

AIM OF THE STUDY: To study the incidence of dural tears, to understand and 
evaluate causes for dural tears, pattern and extent of dural tears and methods to 
repair and final outcome in such patients following dural tear.  
 
MATERIALS AND METHODS: We evaluated all the patients who underwent lumbar 
spine surgery from Jan 2004 to December 2008 in our institute for the incidence of 
dural tears. All the surgeries were done by a single surgeon. Indications for surgery, 
site and extent of dural tear, associated fresh neurological injury and methods to 
close the tear was noted in the operative notes. Post operative mobilization protocol, 
fate of repair in the post operative period, need to repeat surgery were noted. Also 
an assessment of final outcome at 2 year were made regarding VAS and oswestry 
disability index and these were compared to non dural tear group.  
 
RESULTS: During the study period there were 96 surgeries, with 13 dural tears 
(13.54%), 12 of them were in lumbar canal stenosis group undergoing multiple level 
decompressions with statistically significant higher age groups. Depending upon the 
tear patterns, we have classified these tears into three groups: central, peripheral, 
and posterior. Peripheral tears are large tears and were closed with a fascial graft. 
Long term clinical outcome were more or less same in both dural tear and non dural 
tear groups (improvement of oswestry disability index showed a mean score of 21.66 
in non dural tear group, 22.81 in dural tear group) with no statistical significant 
difference.  
 
CONCLUSIONS: Dural tears are common in gross lumbar canal stenosis surgery 
especially involving multiple level decompressions. We have classified these tears 
into three groups which helps to device a treatment plan for the tear. When dural 
tears are closed properly, long term clinical outcome does not differ from those 
without dural tears.  
Key words: Lumbar spine, Canal stenosis, Dural tear, Dural repair, IVDP  
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GP241. RADIOGRAPHIC EVALUATION OF MONOCORTICAL VERSUS TRICORTICAL 
PURCHASE APPROACHES IN LUMBOSACRAL FIXATION WITH SACRAL PEDICLE 
SCREWS  
Orita, Sumihisa1; Ohtori, Seiji2; Eguchi, Yawara2; Kamoda, Hiroto2; Arai, Gen2; 
Ishikawa, Tetsuhiro2; Miyagi, Masayuki2; Inoue, Gen2; Suzuki, Miyako2; Takahashi, 
Kazuhisa2 
1Chiba Rosai Hospital, Dept. of Orthopaedic Surgery, Ichihara, Japan; 2Graduate 
School of Medicine, Chiba University, Dept. of Orthopaedic Surgery, Chiba, Japan 

 

INTRODUCTION: The lumbosacral junction is a difficult region to obtain a successful 
spinal arthrodesis leading to construct failure. In inserting sacral screws, three types 
of purchase are known: monocortical, bicortical, and tricortical. The present study 
aimed to perform radiographic evaluation of the rigidity of monocortical and 
tricortical purchase in lumbosacral fixation.  
 
METHODS: Ninety patients diagnosed with spondylolisthesis who underwent 
lumbosacral fixation were evaluated. Fifty-three patients were treated with a 
monocortical approach and the other 37 patients were treated with a tricortical 
approach. Patients underwent surgery for posterolateral fusion (PLF) or 
transforaminal lumbar interbody fusion (TLIF) according to their diagnosis. Their 
radiological findings, radiolucent zones around sacral screws, and lumbosacral 
instability of more than 2 degrees flexion just after the surgery and one year later 
were compared. The angulation and length of the inserted screw were also measured 
and evaluated.  
 
RESULTS: Radiolucent zones and lumbosacral instability were more prevalent in the 
monocortical group than in the tricortical group. Smaller angulation also affected the 
outcome in the monocortical group while screw length did not. Multivariate logistic 
regression analysis of possible risk factors revealed that female sex (odds ratio (OR): 
3.56, 95% confidence interval (CI): 1.18-10.8), TLIF operative method (OR: 5.54, 
95%CI: 1.08-8.2), number of fusion levels (OR: 1.84, 95%CI: 1.05-3.18), and 
monocortical purchase (OR: 7.11, 95%CI: 1.58-31.9) were statistically significant.  
 
CONCLUSION: More loosening of sacral screws was radiographically observed in the 
monocortical purchase group than in the tricortical group one year after the 
lumbosacral fixation surgery. A statistical analysis indicated that the tricortical 
approach should be used for patients undergoing multilevel fusion including 
lumbosacral junction by TLIF.  
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GP242. STAND ALONE PLIF WITH BOX TYPE INTERVERTEBRAL CAGES  
Ohwada, Tetsuo; Yamashita, Tomoya; Sakaura, Hironobu; Miwa, Toshitada; Ikuta, 
Tadayoshi 
Kansai Rousai Hospital, Orthopedic Surgery, Amagasaki, Japan 

 

INTRODUCTION: Recently various type of spinal instrumentation was applied, and 
they are thought to be essential in modern spinal fusion surgery. But several authors 
reported these applications might increase possibility of complication and accelerate 
degeneration on adjacent segment. PLIF is the best solution for degenerative 
conditions of lumbar spine, and basically this was introduced without any 
instrumentation.  
 
METHODS: Twenty-one cases of degenerative lumbar diseases were treated by PLIF 
with Brantigan carbon cages without spinal instrumentation. There were 8 males and 
13 females, and age averaged 71.4 years. Sixteen cases were degenerative 
spondylolisthesis, four cases were spinal canal stenosis , and one was disc herniation. 
Single PLIF was performed on all the cases, with additional decompression on other 
segment in six. Bilateral facet joint were preserved to avoid lateral instability. Two 
pieces of Brantigan cage was inserted surrounded by local bone graft. All the cases 
went ambulatory on second post-op. days, and soft brace was applied for three 
months. Post-op. follow-up period were 12 to 24 months, 15 months on average and 
clinical and fusion results were discussed.  
 
RESULTS: JOA score (29 pts on full mark) averaged 13.0 pts before the operation and 
was 26.2 pts at the F/U. Recovery ratio averaged 82.5%. Clinical result was excellent 
in 14 and good in 7. Neither infection nor hematoma was identified. Nineteen cases 
showed solid bone union after one year, and two cases were classified as non-union. 
Whereas early cage migration with vertebral collapse was seen on nine, and union 
with collapse was seen in eight. These conditions did not affect on clinical outcome.  
 
DISCUSSION: Preserving facet joints, stand alone PLIF resulted in good clinical and 
fusion results with box type intervertebral cages. Further follow up is necessary for 
effect on adjacent segment degeneration. Stand alone PLIF is less invasive method 
and minimize chance of complication.  
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GP243. ONE-YEAR FOLLOW-UP AFTER LP-ESP® LUMBAR DISC REPLACEMENT: 
CLINICAL AND RADIOLOGICAL OUTCOMES INCLUDING MEAN CENTER OF ROTATION 
AND SAGITTAL BALANCE  
Lazennec, Jean-Yves; Even, Julien; Rakover, Jean-Patrick; Rousseau, Marc-Antoine 
Hopital Pitié Salpétrière - Assistance Publique Hopitax de Paris, Orthopaedic surgery, 
Paris, France 

 

INTRODUCTION: Lumbar fusion is associated with a potential risk of sagittal balance 
misalignment and adjacent disc disease. As an alternate to fusion, motion 
preservation devices have been developed. The purpose of this study was to 
determine the effects on kinematics, sagittal balance and clinical outcomes of the LP-
ESP® total disc arthroplasty. The LP-ESP® disc is a one-piece deformable achieving 6 
degrees of freedom, including shock absorption and elastic return. 
 
METHODS: Total disc replacement at a single level was performed in 43 consecutive 
patients aged 43.8 in average. The ODI, SF36 and GHQ28 clinical scores were 
prospectively noted pre-op, at 3 months, 6 months, and one-year follow-up. The 
spineview software was used for measuring the sagittal parameters in standing 
position and the kinematics in flexion extension, including range of motion and mean 
center of rotation at the level of the articificial disc and at the cranial adjacent level. 
 
RESULTS: The range of motion (ROM) was 5 degrees ± 4.8 degrees. 68% of prosthesis 
had more than 2 degrees of ROM. The mean centre of rotation was in a classically 
defined usual area in 87.5% of cases. The pelvic tilt, sacral tilt and segmental lordosis 
were significantly improved with respectively 16.7±7.8, 36.5±10.6 and 19.4±6.7 
degrees preoperatively and 12.9±6.5, 40.1±9.8 and 27.8±7.8 degrees at follow-up. 
ROM, MCR, disc height of the adjacent upper level did not change during the follow-
up. No intra-operative complication occurred. All clinical scores were significantly 
improved: 4.8 points for the back pain visual analogue scale, 33.8 points for the 
Oswestry disability index (ODI), 3.8 points for the SF36, and 17 points for the GHQ28. 
 
DISCUSSION: At one- follow-up, it appears that the LP-ESP® prosthesis is clinically 
efficient and recreates the properties of a healthy disc in term of quality of local and 
adjacent intervertebral movement, and regarding the sagittal balance of the lumbar 
spine.  
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GP244. INFLUENCE OF LUMBAR DISC DEGENERATION AND MICROSTRUCTURAL 
MORPHOLOGICAL CHANGES ON THE OUTCOME OF TOTAL LUMBAR DISC 
REPLACEMENT: A PROSPECTIVE CLINICAL, HISTOLOGICAL, X-RAY AND MRI 
INVESTIGATION  
Siepe, Christoph J.1; Nerlich, Andreas2; Haas, Elisabeth3; Heider, Franziska1; Beisse, 
Rudolph1; Korge, Andreas1; Szeimies, Ulrike4; Staebler, Axel4; Mayer, H. Michael1 
1Schön Klinik Munich Harlaching, Spine Center, Munich, Germany; 2Academic 
Teaching Hospital Munich-Bogenhausen, Institute of Pathology, Munich, Germany; 
3Paracelsus Medical University (PMU), Salzburg, Austria; 4Radiological Institute 
Munich Harlaching, Munich, Germany 

 

INTRODUCTION: The adequate extent of preoperative degenerative disc disease 
(DDD) for total lumbar disc replacement (TDR) remains controversially debated. The 
numbers of previously published studies are scarce and the limited data available 
reveal contradictory results.  
 
METHODS: Preoperative DDD was determined by histological, X-Ray and MRI 
evaluation. Nucleus pulposus (NP) and annulus fibrosus (AF) changes were evaluated 
according to a quantitative histological degeneration score (HDS). X-Ray evaluation 
included assessment of the disc space height (DSH). MRI investigation of DDD was 
performed on a 5-scale grading system. Clinical outcome assessment included the 
satisfaction rates, VAS and ODI scores.  
 
RESULTS: Data from 51 patients with an average FU of 50.5 months were included. A 
significant correlation was established between multiple parameters of DDD 
preoperatively (p<0.05). Degeneration of NP tissue samples were significantly more 
pronounced in comparison to those of AF (p<0.001) with no significant correlation 
between each other (p>0.05). The degree of DDD was not significantly correlated 
with the patient’s symptomatology preoperatively (p>0.05). There was no significant 
correlation between the degree of DDD preoperatively and postoperative outcome 
parameters following TDR (p>0.05).  
 
CONCLUSION: Histological, X-Ray and MRI evaluation demonstrated a significant 
correlation among the investigated parameters of (DDD) preoperatively, however 
without any correlation with the patients symptomatology. 
Increasing stages of DDD did not negatively impact the outcome following TDR, and, 
although not statistically significant, revealed a trend for improved results 
postoperatively. Combined advantageous effects of progressive morphological 
structural rigidity of the index segment and restabilizing effects from larger 
distraction in degenerated segments may compensate for increasing axial rotational 
instability, one of TDRs perceived disadvantages.  
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GP245. POSTERIOR REAMED TRANSACRAL TRANSVERTEBRAL INTERBODY FUSION 
AT THE LUMBOSACRAL JUNCTION: EARLY RESULTS OF A NOVEL TECHNIQUE  
Lebl, Darren; Cammisa, Frank; Caridi, John; Pumberger, Matthias; Sama, Andrew; 
Girardi, Federico 
The Hospital for Special Surgery, New York, US 

 

BACKGROUND: Interbody fusion at L5-S1 in patients with previous spinal surgery or 
unfavorable lumbosacral anatomy may preclude conventional anterior or posterior 
techniques and presents a challenging clinical scenario.  
 
METHODS: Consecutive patients undergoing L5-S1 interbody fusion by a novel 
reamed transacral transvertebral approach utilizing an ACL reamer and interbody 
cage/graft placement under fluoroscopic guidance were identified and studied.  
 
RESULTS: 12 patients (7 M: 5 F) at a mean age of 51 ± 3.0 yrs (range 31-66) 
undergoing interbody fusion at L5-S1 by reamed transacral transvertebral technique 
were identified over a 3-year period. 11/12 patients required revision interbody 
fusion at L5-S1 due to symptomatic pseudoarthrosis and one patient required 
stabilization of a high-grade slip with sacral deformity. The posterior starting point for 
reaming of the L5-S1 disk space was unilateral in all patients – between the S1 and S2 
in 11/12 (92%) and between S2 and S3 in one patient. 
Mean follow-up was 13.8 ± 3.4 months (range 3-43). Mean lumbosacral parameters 
were: Meyerding grade at L5-S1 of 1.41 range (0-4), lumbar index 92 ± 7.4% (range 
48-129%), sacral inclination 50.6 ± 3.2 degrees (range 40.1 – 69.6), sacral slope 46.1 ± 
2.7 degrees (range 28.3-61.8), slip angle -16.2 ± 5.3 degrees (range -62.0 – +10.4). 
Iliac crest autograft was used in all patients, harms cage was passed through the 
reamed channel into the anterosuperior L5 body in 10/12 (83%), and BMP-2 was used 
in 7/12 (58%). 
No patient had significant neurologic sequelae related to the procedure. A solid 
fusion was achieved at most recent follow-up in 11/12 patients (92%) and one patient 
failed to incorporate their graft at the L5 interface.  
 
CONCLUSIONS: Transacral transvertebral reamed interbody fusion is a relatively safe 
and effective salvage technique in patients with complex spine anatomy or multiple 
prior spinal procedures. (cont’d) 
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GP246. CLINICAL AND RADIOLOGICAL ASSESSMENT OF POSTERIOR LUMBAR 
INTERBODY FUSION WITH POROUS HYDROXYAPATITE CHIP BONE  
Kim, Hyoungmin; Lee, Choon-Ki; Lee, Ki-Ho; Chang, Bong-Soon 
Seoul National University Hospital, Department of Orthopaedic Surgery, Seoul, 
Republic of Korea 

 

INTRODUCTION: To evaluate whether synthetic bone chip made from porous 
hydroxyapatite is useful as a graft matrial in posterior lumbar interbody fusion (PLIF).  
 
METHODS: From January 2007 to August 2009, 28 patients (36 segments) underwent 
PLIF with cages filled with supplementary synthetic bone chip made from porous 
hydroxyapatite in addition to autologous local decompressed bone using pedicle 
screw fixation. This group (HA group) of patients was compared with other groups of 
patients who underwent same operation during the same period with different graft 
material: one group with autologous iliac bone graft in addition to local 
decompressed bone(IBG group: 22 patients(25 segemtns)) and another group with 
local decompressed bone only(LB group: 85 patients(111segemns)). Fusion was 
assessed in a blinded manner using standard plain radiograph criteria for fusion. 
Clinical outcome was measured with modified JOA score by an independent surgeon 
based on retrospective review of medical record. We also investigated postoperative 
complications, transfusion, time and cost of operation and duration of 
hospitalization.  
 
RESULTS: Postoperative mean follow-up period was 16.1, 20.4 and 16.2 months for 
each group, in HA, LB and IBG group recpectively. There was no statistical difference 
among groups regarding age, sex, follow-up period and BMI. There were equivalent 
radiologic fusion rates for the 3 groups without significant difference in clinical 
outcome. Economic cost and hospital stay was also similar for 3 groups. But there 
was significant longer operation time for IBG group than for HA and LB group. There 
were no lasting complications associated with HA group compared with a 5 cases of 
persisting donor site pain in the autograft patients.  
 
DISCUSSION: Hydroxyapaptite bone chip is useful bone graft expander in PLIF fusions 
and superior in the aspect of complications associated with donor site morbidity of 
autologous harvest of IBG.  
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GP247. INCIDENCE AND CHARACTERIZATION OF BONE GRAFT DONOR SITE PAIN IN 
PATIENTS UNDERGOING LUMBAR FUSION  
Simmons, Edward D1; O'Hear, Kelly2 
1Simmons Orthopaedic & Spine Associates, Orthopaedic Surgery SUNY at Buffalo, 
Buffalo, NY, US; 2Simmons Orthopaedic & Spine Associates, Buffalo, NY, US 

 

INTRODUCTION: It is often inferred that pain arising from iliac crest bone graft 
procurement is a major problem in lumbar spinal fusion patients. The purpose of this 
study is to determine the more accurate incidence of and to attempt to characterize 
which patient characteristics may be potential risk factors.  
 
METHODS: A study was carried out evaluating 105 patients who had undergone 
lumbar spinal fusion with procurement of iliac crest bone graft, to determine 
incidence of bone graft donor site pain at one year follow-up and to determine any 
particular patient characteristics for development of bone graft donor site pain. All 
patient data had been gathered prospectively with use of Visual Analog Scale and 
Oswestry Disability Index.  
 
RESULTS: The overall incidence of pain over the bone graft donor site was 12%. There 
was a differential between males and females with females being somewhat more 
likely to have problems with bone graft donor site pain. The overall fusion success 
rate was 95% with no significant difference between male and female. 53% of 
patients were smokers; however, in the subgroup of patients with bone graft donor 
site pain the incidence of smoking was 69%. There is no significant difference in 
incidence of diabetes in patients with or without bone graft donor site pain. Women 
with bone graft donor site pain were found to be on average ten pounds heavier. 
Oswestry disability scores for postoperative patients didn't show any trend with 
regards to incidence of bone graft donor site pain. Visual Analog Scale for lower back 
pain was somewhat higher in the postoperative group with bone graft donor site 
pain. There was no difference in VAS for lower extremity pain between groups.  
 
DISCUSSION: The overall incidence of pain from iliac crest bone graft procurement 
was found to be 12%. In most patients, this didn't cause a significant deterioration in 
the overall result. Certain risk factors were indentified including female sex, smoking 
and weight.  
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GP248. OSTEOPOROTIC VERTEBRAL FRACTURE IN DISH REQUIRES VERTEBROPLASTY 
COMBINED WITH POSTERIOR LONG FUSION  
Terai, Hidetomi; Toyoda, Hiromitsu; Suzuki, Akinobu; Dozono, Sho; Nakamura, Hiroaki 
Osaka city university Graduate school of medicine, Orthopaedic Surgery, Osaka, Japan 

 

INTRODUCTION: Diffuse Idiopathic Skeletal hyperostosis (DISH) is characterized by 
extensive hyperostotic changes of spine which cause unphysiologic motion. The 
prevalence of DISH is increasing in aged population, approximately 40% of 70 years 
old normal males.Specific attention must be paid for the surgical treatment of spine 
when DISH is involved. In this paper, we focused on osteoporotic vertebral fracture in 
DISH and discussed the therapeutic strategy for this increasing and challenging 
pathology.  
 
METHODS: From 2009, 10 patients treated for insufficient union following 
osteoporotic vertebral fracture (OVF) combined with DISH underwent vertebroplasty 
using calcium phosphate cement and posterior fusion. Visual analogue scale of back 
pain, status of ambulation, radiographic changes and complications were reviewed 
and analyzed.  
 
RESULTS: There were 5 men and 5 women whose mean age at the time of surgery 
was 75 years (range 62¨C86 years). All patients required only one level of 
vertebroplasty. A mean of 4.75 spinal segments were fixed posterior by pedicle screw 
and rod system without any posterior decompression. No instrument failure but two 
sequent vertebral fractures were recognized. Back pain was reduced to the normal 
level and the status of ambulation was dramatically improved.  
 
DISCUSSION: DISH modifies the known spinal disorders such as spinal canal stenosis, 
ossification of ligament flavum, spondylolisthesis and osteoporotic vertebral fracture. 
Extraordinary stress occurs in the fractured level and causes non- union or instrument 
failure when OVF occurred in DISH. Not merely the anterior column support but 
posterior long range stabilization of bony bridged spine to prevent the concentration 
of stress to the fractured vertebra. This combination method of vertebroplasty and 
posterior fusion without decompression was safe and satisfactory to reduce 
intractable back pain and to re-acquire the gait ability for the aged patients suffering 
from OVF associated with DISH.  
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GP249. MINI-OPEN APPROACH TO LATERAL TRANSPSOATIC INTERBODY FUSION OF 
THE LUMBAR SPINE: A TECHNICAL PERSPECTIVE  
Fantini, G A; Girardi, F P; Sama, A A; Hughes, A P; Pumberger, M; Abjornson, C; 
Cammisa Jr, F P 
Hospital for Special Surgery, Orthopaedic Surgery, New York, NY, US 

 

INTRODUCTION: Lateral transpsoatic interbody fusion (LTIF) permits discectomy and 
insertion of a wide cage resting on the apophyseal ring, while preserving the anterior 
and posterior annular/ligamentous structures. Commercially available systems 
employ a series of tube shaped dilators to traverse the psoas muscle and expose the 
target disc. These systems rely upon a hand held depolarizing device to detect and 
avoid damage to the exiting nerve roots and lumbar plexus. Despite this 
methodology, injury to the neural elements has been reported, as has injury to the 
peritoneal contents. We hypothesized that a mini-open technique, permitting direct 
visualization of retroperitoneal and neural structures, would result in a lower 
incidence of such injuries.  
 
METHODS: From March 2006 through March 2010, 224 LTIF procedures (2.55 
levels/patient) were performed using a mini-open muscle splitting approach, 
permitting visualization of the retroperitoneal space and digital palpation of the 
target disc. A transpsoatic dissection plane ventral to the exiting nerve roots and 
lumbar plexus was visualized and confirmed by use of a hand held nerve detection 
apparatus. Retraction was maintained by table mounted Nuvasive® or DePuy® self-
retaining systems, or by hand held renal vein retractors. Coronal deformities were 
approached through the concavity of the curve. In cases involving the L4-5 disc space, 
coronal angulation of the L4-5 disc was the principal factor determining choice of 
operative side.  
 
RESULTS: There were no instances of peritoneal violation or permanent motor 
deficit. Six patients (2.7%) had minor sensory deficit at one year follow-up.  
 
DISCUSSION: Vision and palpation are familiar skills to the operating surgeon. Mini-
open approach to LTIF of the lumbar spine permits the use of these skills, facilitating 
safe localization of the target disc, thus avoiding injury to the viscera and minimizing 
damage to the neural elements.  
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GP250. AN EVALUATION OF LONG-TERM OUTCOMES OF PLIF WITH LOCAL BONES 
AND CAGE OR SPACER FOR DEGENERATIVE LUMBAR DISEASE OF ELDERLY PATIENTS  
Suetsuna, Futoshi; Itabashi, Taito 
Hachinohe Municipal Hospital, Orthopaedics, Hachinohe, Japan 

 

INTRODUCTION: The use of iliac bone has enlarged surgical invasion in lumbar spinal 
surgery. We have performed posterior lumbar inter-body fusion (PLIF) using local 
bone for degenerative lumbar disease (DLD). The purpose is to clarify the long-term 
outcomes and problems of elderly patients with PLIF.  
 
METHODS: 36 patients (6 males, 30 females) with 65 year-old or more who 
underwent PLIF using spacer or cage and local bone for DLD was retrospectively 
reviewed. The mean age and follow-up period were 69 years (range, 65-77 years) and 
11 years (range, 10-14 years). Radiographic parameters included bony fusion, 
occurrence of disc trouble (DT) and slipping (>5%) at the upper or lower disc space of 
the fused segments, vertebral fracture (VF) and change of L1/5 angle. Clinical 
parameters included recovery rate (RR) using JOA score, complications, blood 
transfusion. DT signified new appearances of disc narrowing (>10%) and vacuum 
phenomenon. Bony fusion was determined when there were continuous inter-
vertebral bone formation and no abnormal movement in stress views.  
 
RESULTS: Bony fusion was finally obtained in all cases. DT, VF and slipping were 
recognized in 61%, in 42% and in 25%. 44% showed loss of L1/5 angle more than 5 
degrees. There were no cases with infection and neurological deterioration. One case 
that had root irritation following cut-out of screw had re-operation. Three cases 
needed blood transfusion. The maximum RR within 5 years after surgery and final RR 
were 80.5% and 58.3%.  
 
DISCUSSION: Reports concerning long-term results of PLIF for DLD showed high rates 
of adjacent disc troubles and additional surgery, and those ages at the surgery were 
comparatively young. Our PLIF method using local bone in elderly patients showed 
satisfactory long-term outcomes without donor site problems and serious 
complications after surgery though it revealed high incidence of VF and decrease of 
L1/5 angle.  
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GP251. TREATMENT OUTCOME OF TRANSFORAMINAL LUMBAR INTERBODY FUSION 
USING UNILATERAL PEDICLE SCREW FIXATION FOR LUMBAR FORAMINAL STENOSIS  
Ozawa, Tomoyuki; Toyone, Tomoaki; Shiboi, Ryutaro; Kamikawa, Koya; Watanabe, 
Atsuya; Matsuki, Keisuke 
Teikyo University Chiba Medical Center, Chiba, Japan 

 

INTRODUCTION: Lumbar foraminal stenosis often accompanies lateral disc wedging. 
For such a condition, we speculated that unilateral transforaminal lumbar interbody 
fusion (TLIF) could be indicated in which both anterior/posterior and superior/inferior 
decompression of foramina can be obtained. The purpose of this study was to 
examine the outcome of unilateral TLIF and pedicle screw (PS) fixation for lumbar 
foraminal stenosis.  
 
SUBJECTS AND METHODS: The subjects were 24 consecutive patients who 
underwent monosegmental fusion for lumbar foraminal stenosis. These patients 
were 14 men and 10 women (age range: 42-82 years; mean age: 64.8 years). S1 
screws were inserted until they penetrated the anterior cortex of the sacrum. A 
titanium cage was used in 10 subjects (titanium group) and a carbon or PEEK cage 
was used in 14 subjects (carbon/PEEK group). Clinical conditions and radiological 
findings were examined pre- and postoperatively and at the final follow-up.  
 
RESULTS: Leg pain improved from 58 mm (47-78 mm) to 24 mm (range: 0-58 mm) in 
the titanium group and from 52 mm (47-78 mm) to 27 mm (0-48 mm) in the 
carbon/PEEK group on the visual analogue scale. There were no significant 

differences between the two groups. Excellent and good patients•f satisfaction 
evaluation was obtained in 2/3 of the patients. The mean disc height increased 2.0 
mm just after surgery and 1.1 mm at the final follow-up compared with the height 
before surgery. Subsidence of the cage of more than 2mm was observed in 60% of 
patients in the titanium group and 14% of patients in the PEEK group (p<0.05).  
 
DISCUSSION: Although there were no significant differences in clinical outcomes, 
subsidence of the cage was 4-times greater in the titanium cage group than the 
carbon/PEEK cage. For lumbar foraminal stenosis associated with marked decrease in 
disc height on the symptomatic side, unilateral TLIF and PS fixation is thought to be a 
useful procedure.  
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GP252. SPINAL FRACTURES AND SPINO-PELVIC DISSOCIATIONS IN AIRBORNE 
SPORTS  
Benneker, Lorin1; Hasler, Rebecca M2; Keel, Marius JB1; Huettner, E2; Exadaktylos,  
Aris K2 
1Inselspital, University of Bern, Department for Orthopedic Surgery, Bern, Switzerland; 
2Inselspital, University of Bern, Department for Emergency Medicine, Bern, 
Switzerland 

 

INTRODUCTION: Adrenalin-seeking sports like BASE-jumping, paragliding, 
parachuting, hang-gliding, delta-gliding and skysurfing become more and more 
popular. Whereas some cases are fatal on scene an increasing number of patients 
with severe spinal and pelvic injuries are transferred to our level 1 trauma centre. 
 
METHODS: A retrospective data analysis of all airborne sports injuries between 03/00 
and 10/09. Injuries were classified and compared to data from literature and to our 
own database. 
 
RESULTS: 144 (83.7%) paragliding, 20 (11.6%) parachuting, 3 (1.7%) deltagliding, 2 
BASE-jumping (1.2%), 2 skysurfing (1.2%) and one hang-gliding (0.6%) injuries were 
reported. 88% (n=152) were men and 12% (n=20) women. Median age was 37.5 
years. 43% (n=74) sustained one spinal fracture, 9 (5%) patients suffered from 2 
fractures. Spinal fractures were most often seen in paragliders (n=68), skysurfers 
(n=1), and deltagliders (n=1). Typ A fractures showed to be predominant (n=72), 
followed by Typ C (n=4) and Typ B (n=3). Most often affected was the thoracolumbar 
junction. 72% (n=53) of the detected fractures needed operative treatment. 17 out of 
144 admissions presented an instable fracture of the pelvic ring (11%), among these 7 
(5%) paragliders with a spino-pelvic dissociation (jumpers fracture). 14 (19%) patients 
suffered from neurological sequelae, 4 from paraplegia and 1 from tetraplegia. One 
paraglider and one skysurfer died in hospital. 
 
DISCUSSION: Airborne sports bear a great risk for relevant spinal and pelvic injuries in 
case of an accident. As described in the literature the thoracolumbar region was most 
prone for fractures. Spino-pelvic dissociations are highly overrepresented in the 
paragliding group and are seen 13 times more frequent than in other accidents 
involving spine and pelvis. In BASE-jumping the decision of life or death seems to be 
made on scene - only 2 BASE-jumpers were admitted over the last 10 years, whereas 
6 died last year on scene.  
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GP253. MOTION IS REDUCED IN THE UNSTABLE SPINE WITH THE USE OF 
MECHANICAL DEVICES FOR BED TRANSFERS  
Hu, Calvin1; DiPaola, Christian2; Conrad, Bryan3; Horodyski, MaryBeth3; Del Rossi, 
Gianluca4; Rechtine II, Glenn1 
1University of Rochester, Rochester, US; 2University of Massachusetts, Worcester, US; 
3University of Florida, Gainesville, US; 4University of South Florida, Tampa, US 

 

INTRODUCTION: This is a motion analysis and evaluation of hospital bed transfer 
techniques in a cadaveric model of C5-6 and T12-L2 instability. Few studies have 
examined spinal motion generated during bed transfers. Excessive motion generated 
during transfers may contribute to neurologic deterioration. The goal of this study 
was to compare C5-6 and T12-L2 motion generated during hospital bed transfers 
using several commonly used techniques.  
 
METHODS: Global instability at C5-6 and T12-L2 was created in a lightly embalmed 
cadaver. The angular and translational motion in each plane was measured in both 
the cervical and lumbar spine during each bed transfer via electromagnetic motion 
detection devices. Comparisons between transfers performed using an air-assisted 
lateral transfer device (AirPal), manual transfer, rolling board, and sliding board were 
made based on the maximum range of motion observed.  
 
RESULTS: Significantly less lateral bending at C5-6 was observed with AirPal when 
compared to rolling board and sliding board (Fig A). In addition, AirPal produced 
significantly less axial rotation at T12-L2 than rolling board, and manual transfers 
produced significantly less lumbar axial rotation than both rolling board and sliding 
board (not shown). No other significant differences were observed in cervical or 
lumbar motion.  
 
DISCUSSION: All techniques caused considerable motion in certain planes. For 
example, cervical flexion-extension ranged from 8.4° for manual transfer to 9.9° with 
sliding board. However, when significant differences were noted, as with cervical 
lateral bending, motion versus time plots indicated that the log roll maneuvers 
performed at the beginning of rolling board and sliding board transfers contributed 
most of the observed motion (Fig B). Thus, transfer techniques that do not include 
the logroll maneuver can significantly decrease some components of cervical and 
lumbar motion. However, in all transfers there is potential for considerable motion. 
(cont’d) 
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GP254. THE CLINICAL SIGNIFICANCE OF BONE CONTUSION IN PATIENTS WITH 
THORACOLUMBAR VERTEBRAL FRACTURES  
Park, SeJun; Chung, SungSoo; Lee, ChongSuh; Kang, KyungChung; Shin, SungKee; 
Kang, JunHee 
Samsung Medical Center, Orthopaedic Surgery, Seoul, Republic of Korea 

 

INTRODUCTION: Bone contusion is observed in almost all cases after the 
thoracolumbar vertebral fractures. However, little is known about its clinical 
significance on the vertebral body with respect to further vertebral collapse. In 
present study we aimed to determine the effect of bone contusion on further 
vertebral collapse in patients with thoracolumbar vertebral fractures. 
 
METHODS: We retrospectively reviewed the patients with benign thoracolumbar 
vertebral fractures nonoperatively-treated from March 2005 to February 2010. The 
difference of anterior wedge angle (AWA) was used to represent the vertebral 
collapse. On T1-weighted sagittal MR image the area of bone contusion was 
measured quantitatively and bone contusion ratio was calculated by dividing bone 
contusion area by corresponding vertebral body size. Bone mineral density (BMD) 
was evaluated for whom osteoporosis was suspected using DEXA study.  

 DEXA group Non-DEXA group 

Number of patients (M:F) 39 patients (6 : 33) 22 patients (16 : 6) 

Number of fractures 47 fractures 27 fractures 

Average age 66.9 years (range, 47-88) 
43.9 years (range, 22-
63) 

Average period for completion of 
measurement 

8.9 months (range, 3-20) 
7.2 months (range, 5-
12) 

Average T-score 
-2.7 (range, from -5.0 to 
0.4) 

- 

Average bone contusion ratio 49.2 % (range, 11.7-94.5) 
42.0 % (range, 14.5-
63.8) 

We analyzed the factors that affected further verbetal collapse. 
 
RESULTS: Sixty-one patients with 74 fractures constituted the study cohort. The 
average bone contusion ratio was 46.5% and the average difference of AWA was 5.6°. 
Only bone contusion ratio was found to be significantly correlated with the difference 
AWA (p=0.001, cc=0.391). Age, initial AWA, T-score showed no significant correlation 
with the difference of AWA. (cont’d) 
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Five fractures were diagnosed with delayed post-traumatic vertebral collapse.  

Patient 
No. 

Sex Age 
Fracture 
level  

Time to develop 
(months) 

T-
score 

Bone contusion 
ratio (%) 

AWA 
Operative 
treatment 

1 F 61 L1 6 -5.0 70.0 15.1 Yes 

2 F 72 T12 6 -1.6 94.5 14.0 Yes 

3 F 72 L1 3 -4.3 61.3 13.5 No 

4 F 74 L1 8 -2.8 55.4 13.9 No 

5 F 88 L1 3 -2.6 74.6 11.0 No 

Average F   5.2 -3.3 71.2 13.5  

The average T-score was -3.3 which was not significantly different from that of DEXA 
group. Their average bone contusion ratio was 71.2%, which was significantly higher 
than that of all study subjects (p=0.005). The fractures with bone contusion ratio over 
60% was likely to progress to delayed post-traumatic vertebral collapse.  

The occurrence rate of delayed post-traumatic vertebral 
collapse according to bone contusion ratio 

p-value represening the difference of 
the occurrence rate 

<20% vs >20% 1.000 

<40% vs >40% 0.632 

<60% vs >60% 0.037 

<80% vs >80% 0.274 

CONCLUSIONS: We suggest bone contusion accompanied with a thoracolumbar 
vertebral fracture could serve as a predictor of further vertebral collapse, and we 
advocate that patients with a large bone contusion, especially in case of >60%, should 
be followed up closely.  
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GP256. PEDICLE SCREW FIXATION BY INDIRECT REDUCTION WITHOUT 
VERTEBROPLASTY FOR THORACOLUMBAR BURST FRACTURES  
Tobimatsu, Hidekazu1; Aono, Hiroyuki1; Kuroda, Masayuki1; Yamasaki, Ryouji2; 
Furuya, Masayuki1; Ariga, Kenta3; Ueda, Takafumi1 
1Osaka National Hospital, Orthopaedics, Osaka, Japan; 2Osaka Rousai Hospital, 
Orthopaedics, Osaka, Japan; 3Osaka Police Hospital, Orthopaedics, Osaka, Japan 

 

INTRODUCTION: Thoracolumbar burst fractures are the most common type of spine 
fracture treated surgically. Management for these fractures remains a matter of 
discussion (anteriorly, posteriorly or combined). We had evaluated the surgical 
results of thoracolumbar burst fractures with short-segment pedicle screw fixation 
without vertebroplasty.  
 
METHODS: This study included 20 consecutive patients with thoracolumbar burst 
fracture(T11-L3) who underwent surgery by ligamentotaxis procedure using Schanz 
screws without vertebroplasty and bone grafting. Their implants were removed 
around 1 year after operation. We have measured local vertebral body angle(VBA) 
and superior-inferior endplate angle(SIEA) before and just after operation, 
approximately 1 year after initial operation and 6 to 12 months after removal.  
 
RESULTS: Operation was performed 0 to 9(mean 3.9) days after injury. Mean 
operating time was 104minutes and mean blood loss was 143ml. One patient had 
screw breakage 8months after operation but collapse of injured vertebra was not 
accelerated. VBA was corrected 9.8° after operation and loss of correction was 0.6° 
before removal and deteriorated 0.4° after removal in average. SIEA was corrected 
11.4° after operation and loss of correction was 3.3° before removal and deteriorated 
7.6° after removal in average. These results mean that kyphosis was advanced due to 
loss of disc height and/or disc degeneration after implant removal though vertebral 
body itself did not collapse.  
 
DISCUSSION: In this study, loss of correction in fractured vertebra itself was slight 
and there was no breakage and/or back-out of instrumentation due to advance of 
collapse in fractured vertebral body. On the other hand, loss of correction of SIEA was 
10.9° and it was caused by disc degeneration. But there was no patient whose back 
pain interrupts their work or ADL after removal and no correlation could be found 
between correction loss of SIEA and back pain. (cont’d) 
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GP257. RATIONALE FOR LIMITED SURGICAL INTERVENTION IN VERTEBRAL BODY 
FRACTURES OF THE OSTEOPOROTIC PATIENT  
Blattert, Thomas R1; Josten, Christoph2 
1Orthopaedische Fachklinik Schwarzach, Spine Center, Schwarzach, Germany; 2Leipzig 
University, Spine Center, Leipzig, Germany 

 

INTRODUCTION: Stabilization of osteoporotic vertebral fractures comprises a major 
challenge. Balloon-kyphoplasty does not address the posterior wall fragment and 
cannot restore axial stability. Posterior instrumentation tends to fail due to implant 
loosening. We therefore prefer combined vertebral stabilization by means of cement-
augmented posterior instrumentation and kyphoplasty. 
 
METHODS: Prospective trial. Inclusion criteria: A3-fractures; integrity of adjacent 
discs; t-score ≤ -2.5. Initial reduction and cement-augmentation was performed by 
percutaneous balloon kyphoplasty. Final reduction was achieved by short-segment 
instrumentation of the adjacent vertebrae with PMMA screw-augmentation. Data 
acquired: VAS; bisegmental endplate-angle. FU was performed on day 1; week 6; and 
months 3, 6, and 12. 
 
RESULTS: 52 patients with 208 augmented pedicle screws. Average patient age 74 
(60;92). Average t-score -2.7. (-3.1;-2.5). In 41/208 pedicle screws, leakage of cement 
was noted. All 52 patients experienced marked pain-relief as expressed on VAS. 
Average correction of bisegmental endplate-angle 8.7°. During follow-up, no 
significant loss of correction was noted with the exception of 2/52 patients in which 
there was cut-out of the cement-augmented cranial pairs of screws. Except those 
2/52 cases, there was no case of implant loosening or cut-out of screws. 
 
DISCUSSION: Combined cement-augmented instrumentation and kyphoplasty is 
efficient for stabilization of osteoporotic burst fractures. The typical shortcomings of 
conventional instrumentation can be avoided. With the fixator providing sufficient 
axial stability for the posterior spinal wall, this technique allows for far anterior 
placement of the cement during kyphoplasty, thus adding to its safetyness. It can be 
performed percutaneously, additionally fitting elderly patients needs. However, 
verification of disc-integrity is neccessary, as this technique does not address the disc 
space.  

  



GENERAL POSTERS 

 

 
GP258. EFFICACY OF PERCUTANEUS NUCLEOTOMY AND STABILIZATION SURGERY: 
TREATMENT STRATEGY FOR LUMBAR SPONDYLODISCITIS  
Murata, Yasuaki; Kanaya, Kohichi; Wada, Hiroyoshi; Wada, Keiji; Shiba, Masahiro; 
Hatta, Satoshi; Kato, Yoshiharu 
Tokyo Women's Medical University, Orthopaedic Surgery, Shinjuku, Japan 

 

INTRODUCTION: Although vertebral interbody fusion is a useful procedure for the 
treatment of spondylodiscitis, interbody fusion surgery is difficult to perform on 
patients in a poor condition since it is highly invasive. Although percutaneous 
nucleotomy is less invasive than interbody fusion, there have been few reports 
regarding the outcome of percutaneous nucleotomy for spondylodiscitis. The aim of 
the present study was to confirm or deny the efficacy of percutaneous nucleotomy 
for lumbar spondylodiscitis, and to access the treatment strategy for this condition.  
 
METHODS: To analyze the effectiveness of different surgical treatments, 66 patients 
who with lumbar spondylodiscitis were studied retrospectively. The changes of CRP 
were compared between percutaneous nucleotomy (n=16), stabilization surgery 
(n=43), and posterior decompression (n=7). Disc biopsy and blood culture were 
performed to isolate the causative micro-organism at the start of treatment and/or 
during surgery.  
 
RESULTS: Of the 16 patients undergoing percutaneous nucleotomy, 13 patients (81%) 
showed recovery, while 42 (98%) of the 43 patients who had stabilization surgery 
showed recovery. As for the successful treatment patients, there was no significant 
difference of the mean recovery time after perctaneus nucleotomy and stabilization 
surgery. MRSA were detected in 5 out of 28 patients before 2003, versus 14 out of 38 
patients after 2004. Of the 7 patients who did not show recovery, 5 had MRSA 
infection. These patients underwent percutaneous nucleotomy or posterior 
decompression as the initial surgery, and showed recover after the salvage 
stabilization surgery.  
 
CONCLUSION: Percutaneous nucleotomy is a useful next step after conservative 
treatment for patients in a poor condition, and can be an initial procedure for 
spondylodiscitis before stabilization surgery. Percutaneous nucleotomy should be 
employed while keeping limitations in mind.  
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GP259. SINGLE STAGE DORSAL VERTEBRA RESECTION AND INSTRUMENTATION FOR 
SOLITARY AND MULTILEVEL METASTASIS OF THE THORACOLUMBAR SPINE  
Behrendt, Christian1; Kroeber, Markus2 
1Kantonsspital St. gallen, St. Gallen, Switzerland; 2Hirslanden Klinik St. Anna, Lucern, 
Switzerland 

 

INTRODUCTION: Single stage dorsal vertebra resection (VR) and instrumentation is a 
surgical demanding, radical treatment option for solitary and multilevel metastases of 
the thoracolumbar spine, but was shown to markedly minimize local recurrences, 
decrease neurological deficits, increase spinal stabilisation and improve patient 
quality of life. This study analyzes the onco-sugical results after VR and reconstruction 
with dorsal titan instrumentation and vertebra body replacement cage palacos 
composite in a collective of patients.  
 
METHODS: 25 patients treated with single stage dorsal VR and instrumentation for 
spinal solitary (n=7) and multilevel (n=18) metastasis were retrospectively 
investigated. All patients were staged preoperatively according to the Tomita et al. 
classification. Tumor resection and 360° defect reconstruction were performed with 
posterior stabilisation and cage implantation. Clinical follow-up were performed for 
histopathological tumor type, pain, neurological deficits, duration of surgery, blood 
loss, complications, and adjuvant therapies. Radiographs and MRI were analyzed at 
follow up.  
 
RESULTS: Depending on tumor grading/biology an adjuvant therapy was performed 
in 60% of the patients. 10% of the patients died in 24 months following surgery. With 
a mean follow up of 20 (6-48) months 90% of the patients were postoperatively free 
mobilized. Decreased postoperative neurological deficits were found in 80% and 
increase postoperative neurological deficits in 5 % of the patients.  
 
DISCUSSION: In patients with mono- or multilevel spinal tumor involvement radical 
vertebra resection and spinal reconstruction can be achieved in single stage dorsal 
procedure. This is a demanding but very effective surgical method for patients with 
spinal metastasis to improve spinal stabilisation, neurological deficits and back pain in 
order to achieve significant higher life quality.  
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GP260. MRI FINDINGS AND STRATEGY FOR DEEP WOUND INFECTION AFTER 
POSTERIOR LUMBAR INSTRUMENTATION SURGERY  
Kanayama, Masahiro; Togawa, Daisuke; Hashimoto, Tomoyuki; Shigenobu, Keiichi; 
Oha, Fumihiro; Yamada, Katsuhisa 
Hakodate Central General Hospital, Spine Center, Hakodate, Japan 

 

INTRODUCTION: The objectives of this study were to retrospectively review the 
treatment of deep wound infection after instrumented lumbar fusion, and thereby to 
advocate appropriate strategy for deep wound infection based on the MRI findings  
 
METHODS: 1219 consecutive patients who underwent instrumented lumbar fusion 
were reviewed retrospectively. Type of surgery was PLIF in 837 patients, PLF in 247, 
TLIF in 113, and posterior fusion in 22 patients. There were 15 deep wound infections 
(1.2%) requiring surgical treatment. MRI images were used to evaluate the presence 
or absence of osteomyelitis of instrumented vertebra (Figure 1 left: diffuse low signal 
intensity of instrumented vertebra in T1-weighted images) and interbody abcess 
(Figure 1 right: high signal intensity of cage-inserted disc space in T2-weighted 
images).  

 
 
RESULTS: Of 15 deep wound infections, nine patients (60%) underwent implant 
removal and wound irrigation. All of them showed evidences of osteomyelitis of 
instrumented vertebra and/or interbody abcess in MRI assessment. Two patients 
developed spinal instability, but were successfully treated by redoing spinal 
reconstruction after achieving no evidence of infection. Six patients (40%) were 
managed with debridement and wound irrigation alone. Four patients without 
(cont’d) 
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evidence of spondylodiscitis finally achieved a solid fusion. However, two patients  
with evidence of spondylodiscitis lost fixation stability due to screw loosening, and 
showed progressive destruction of instrumented vertebra.  
 
DISCUSSION: The current study showed that inappropriate retaining of spinal implant 
frequently complicated postoperative wound infection. Once evidences of 
osteomyelitis of instrumented vertebra and/or interbody abcess was found, all the 
spinal implant should be removed. Otherwise, loss of fixation stability due to screw 
loosening and progressive vertebral bone destruction might eliminate feasibility of 
future spinal reconstruction. 
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GP261. WOUND DEHISCENCE: PARAMETERS AND TREATMENT  
Mirkovic, Srdjan 
Northwestern Orthopedic Institute, Orthopedics, Chicago, US 

 

INTRODUCTION: Infections often require an operative approach particularly in the 
presence of instrumentation. We identify and suggest treatment alternatives for 
patients with wound dehiscence (WD). 
 
METHODS: Between 2002 and 2009, 9 patients with wound breakdowns were seen. 
An H and P, pts temperature, laboratory work up consisting of a CBC and differential, 
sed rate, and a c-reactive protein, wound gram stain/cultures, and an MRI with 
gadalinium were obtained. Initially, broad spectrum antibiotics were started. Once 
the MRI was reviewed, patients underwent percutaneous CT guided aspiration of the 
deep wound fluid collections which were also analyzed. Treatment was then initiated. 
 
RESULTS: Clinical Presentation 
Wound opening with serosangenous discharge without: pus, elevation in 
temperature, headaches, increased LBP or wound tenderness. 
Laboratory 
ESR: (0-20ml) range: 15-52 
CRP: (<0.8) range: 0.6-7.4 
CBC DIFF: (<9.6) range: 5.3-13.4 with a normal differential in all pts. 
Culture 
Superficial: 
Negative 2 pts 
Staph epi 4 pts  
Staph aureus 3 pts 
Deep: 
Negative in all points 
MRI with Gadalinium 
Non Specific fluid collections without evidence of an abscess 
RX 
Wet to dry 2 pts 
Wound vac 5 pts 
1° superficial closure 2 pts 
Antibiotics 
Non-instrumented (4pts) 2 weeks 
Instrumented (5pts) 4-6 weeks 

(cont’d) 
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DISCUSSION: 
1. This study identifies patients with WD that do not require deep surgical I&D and 
exploration with possible comorbiditics.  
2. It defines parameters necessary to diagnose WD and suggests treatment 
alternatives 
3. A CT guided aspiration of non-specific fluid collections is vital in ruling out a deep 
infection 
4. A less invasive approach, including a wound vac, can be considered with a cultural 
negative deep aspirate, unimpressive laboratory work up and a benign clinical 
presentatation.  
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GP262. SURVIVAL RATE OF SPINE METASTASIS ACCORDING TO OPERATION TYPES: 
200 OPERATIONS  
Lee, Hwan Mo; Lee, Byung Ho; Moon, Seong Hwan; Kim, Seung Hyun; Kim, Sung 
Hoon; Lee, Seung Joo 
Yonsei university, college of medicine, Orthopedic surgery, Seoul, Republic of Korea 

 

INTRODUCTION: In metastatic spinal disease, multidiscplinary approach with 
advanced surgical technique renders increase in life longevity and quality of life. In 
this study, survival analysis of patients with spinal metastasis depending on surgical 
type (palliative to en block excision) was performed.  
 
METHODS: From 2005 to 2010, 186 patients (200 surgeries) who underwent surgical 
treatment for spinal metastases were enrolled. Patients were trichotomized into en 
bloc excision, debulking curettage, and palliative surgery group. The survival rates 
were compared depending on surgery types.  
 
RESULTS: The mean age was 59.7(21-87) years. The major primary cancers were lung 
(40 cases, 21%), liver ( 27 cases, 15%) , and colorectal (22, 12%) . Each surgery 
included en block excision 62 cases (31%), debulking 82 cases (41%) and palliative 
operation 56 cases (28%). 141(71%)cases had widespread metastases(Tomita VI and 
VII) on their spine. Others(29%) were solitaty metastases(Tomita II~V). 107 (54%) of 
200 cases showed intolerable axial pain on neck and/or back, only 3(2%) patients had 
radicular pain, 89(45%) patients showed motor deficits. The hazard ratio(HR) (risk of 
occurring death at a given point) was 1.807 in postoperative complication group 
compared to postoperative non-complication group.(P<0.05) The HR of postoperative 
Frankel grade were 6.23 of grade A, 2.32 of grade C and 1.74 of grade D compared to 
grade E. Postoperative survival rate was significantly different between En-bloc and 
debulking and between en bloc and palliative group. (P=0.0035, P=0.0446, log-rank)  
 
DISCUSSION: En bloc surgery group showed significant increase in survival comparing 
those of palliative and debulking group. Postoperative complication and neurologic 
deficit were poor prognostic factor for survival. In conclusion, en block surgery for 
spinal metastasis in neurologically intact patients can be a promising option to 
increase life expectancy and possibly quality of life. (cont’d) 
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GP263. LUMBAR EPIDURAL GAS-CONTAINING PSEUDOCYSTS AS A CAUSE OF 
SEVERE RADICULAR PAIN  
Kuh, Sunguk; Heo, Donghwa; Kim, Keunsu; Kim, Dohyung; Park, Jeongkeun 
Gangnam Severance Hospital, Seoul, Republic of Korea 

 

OBJECTIVES: Intradiscal gas can herniate to the epidural space, and herniated 
epidural gas may produce pseudocysts. We assessed the characteristics of and 
surgical treatments for lumbar epidural gas-containing pseudocysts as a cause of 
severe radicular pain.  
 
METHODS: We surgically treated epidural gas-containing pseudocysts in a total of 22 
patients. We reviewed radiological parameters including the concomitant presence of 
vacuum discs, segmental instability, spinal stenosis, and location of pseudocysts. We 
retrospectively reviewed preoperative clinical parameters such as age, sex, clinical 
symptoms, neurologic deficits, and surgical methods.  
 
RESULTS: We observed 25 levels of gas-containing pseudocysts in 22 patients. Twelve 
(48.0%) pseudocysts were in the canal, 8 (32.0%) were in the foramen, and five 
(20.0%) were of extraforaminal type. All of the patients had degenerative vacuum 
discs in the affected levels. The incidence of neurologic deficits in patients with spinal 
stenosis was significantly higher than in patients without spinal stenosis (P<0.05). We 
performed pseudocyst removal, neural decompression, and fusion surgery in 12 
patients with symptomatic spinal stenosis or instability, and microscopic removal of 
pseudocysts in 10 patients without symptomatic spinal stenosis or instability.  
 
CONCLUSION: We propose that lumbar gas-containing pseudocysts can produce 
radicular pain and/or neurologic symptoms, and that surgical removal of pseudocysts 
with or without optimal stabilization operations can significantly improve symptoms. 
The selection of surgical methods may depend on the presence of concomitant spinal 
stenosis or segmental instability.  
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