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HUMAN WHARTON’S JELLY CELLS ACTIVATE DEGENERATIVE NUCLEUS PULPOSUS CELLS IN
VITRO

Zhihua Han, Yan Zhang, Liang Gao, Dike Ruan
Department of Orthopaedic Surgery, Navy General Hospital of PLA, Beijing, China

Background
The in vivo data demonstrated the therapeutic effect of human Wharton’s jelly cells (WJCs) to treat
disc degeneration, however, the in vitro evidence is still required to explore the mechanism behind.
Purpose of the study
To investigate the interaction between human WJCs and degenerative nucleus pulposus cells
(NPCs)
Materials and Methods
Human WJCs were isolated from the fresh human umbilical cords and human degenerative NPCs
were separated from the degenerative IVD tissue. The surface makers of the isolated WJCs were
analyzed by the flow cytometry and then cells were fluorescently labeled before seeding with
degenerative NPCs. With or without a direct cell-cell contact, the WJCs were cocultured with NPCs
in 3 cell ratios of 25:75, 50:50, and 75:25. After culturing for 7 days, real-time polymerase chain
reaction (PCR) was performed to evaluate the gene expression in each group.
Results
The isolated WJCs positively expressed CD73, CD105, CD90, CD29, CD166 and human leukocyte
antigen (HLA)-ABC, but negatively expressed CD34, CD45, and HLA-DR. After coculturing with 3
different WJCs:NPCs ratios for 7 days, the real-time polymerase chain reaction showed that the
relative gene expression of NP-marker genes [aggrecan, type II collagen, and SRY-type HMG box9 (SOX-9)] was significantly upgraded in all coculture groups (all P values < 0.05 compared with
control groups). Coculture either with or without cell-cell contact significantly activated the
expression of NP-maker genes than controls, but coculture with cell-cell contact yielded a higher
gene expression than coculture without cell-cell contact. In coculturing with cell-cell contact and
WJCs:NPCs of 25:75, the relative gene expression of aggrecan, type II collagen, SOX-9 for WJCs
yielded the highest increase by 721-, 1507-, and 1463-folds, respectively (all P < 0.05 compared
with WJCs control). In contrast, the highest relative gene expression of aggrecan, type II collagen,
SOX-9 for NPCs was 112-, 84-, 109-folds, respectively, in coculture with cell-cell contact and in
WJCs: NPCs of 75:25 (all P < 0.05 compared with NPCs control).
Conclusion

Our findings indicated that coculturing human WJCs with degenerative NPCs induced the NP-like
cell differentiation of WJCs and restored the biological status of degenerative NPCs and coculture
WJCs and NPCs with direct cell-cell contact yielded more favorable gene expressions.
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IDENTIFYING THE LINK BETWEEN TRP CHANNELS AND LOW BACK PAIN

Karin Wuertz-Kozak, Aleksandra Sadowska, Ermioni Touli, Wolfgang Hitzl, Oliver N. Hausmann
Institute for Biomechanics, ETH, Zurich, Switzerland

Introduction: Disc degeneration (DD) is an age-related process that occurs early in life and is
associated with low back pain, with approximately ~80% of the population suffering from it at some
point in their lifetime. Certain individuals experience age-related chronic inflammation of the
intervertebral disc (IVD), termed „inflammaging“, which is characterized by up-regulation of
proinflammatory cytokines, such as interleukin-6 (IL-6). Due to their putative role in paintransduction and inflammation, Transient Receptor Potential (TRP) channels may contribute to DD
and discogenic pain and hence be of mechanistic relevance in disc inflammaging. The aim of this
study was to investigate the role of cytokines and Transient Receptor Potential (TRPC6 and
TRPV4) in the relation to low back pain.
Methods: A total of 51 disc samples were obtained after informed consent from 45 patients (18
men, 27 women, mean age=52) undergoing elective spinal surgery. The procedures were
approved by the local ethical committee. Gene expression of inflammatory cytokines and TRP
channels was analyzed for differences in relation to pain duration (acute, sub-acute and chronic)
and severity (moderate, intense and disabling).
Results: Aside from genes with a known implication in pain and inflammation (such as IL-1B, IL-8
and TNF-α, figure 1), the expression of four previously unreported proinflammatory molecules was
found to significantly differ with the pain intensity (IFNA1, IL-15, TRPC6 and TRPV4) and duration
(IL-15, not shown). Notably, the expression of the TRPV4 showed a clear positive correlation with
pain severity.
Conclusion: Our study unveiled a potentially crucial role of Ca2+ permeable cation channels in the
pathobiology of discogenic back pain. These data indicate that TRP channels, especially the
TRPV4, modulation may represent a novel, therapeutic approach for patients suffering from back
pain. Furthermore, we highlighted the expression and relevance of cytokines that have previously
gained little or no attention in disc research (INFA1 and IL-15). We also confirmed the presence of
cytokines (IL-1B, TNF-α and IL-8) in the degenerative disc disease and their potential role in the low
back pain. Currently, we are validating these findings on the protein level. In the future, TRPV4
antagonists, that are being developed in other fields, could be potentially used for the disc research
in animal models.
Figure 1 Relation between the gene expression of a) IL-15, b) IL-1B, c) IFNA1, d) IL-8, e) TNF-α, f)
TRPC6 and g) TRPV4 and the pain intensity. Results were calculated as 2−dCt values (relative to
GAPDH).
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3'-UTR POLYMORPHISMS OF MTHFR AND TS ASSOCIATED WITH OSTEOPOROTIC VERTEBRAL
COMPRESSION FRACTURE SUSCEPTIBILITY IN POSTMENOPAUSAL WOMEN

Tae-Keun Ahn, In-Bo Han
Dept of Orthopedic Surgery, CHA university, Seongnam, Korea

Introduction : Postmenopausal osteoporosis is one of the most prominent diseases in
postmenopausal women, and it is increasing in prevalence with the aging population. Furthermore,
osteoporosis and osteoporotic vertebral compression fractures (OVCFs) are related to mortality and
decreased quality of life. Therefore, searching for biomarkers that are able to identify
postmenopausal women who are at high risk of developing OVCFs is an effective strategy for
improving the quality of life of patients and alleviating social and economic burdens. In this study,
we investigated methylenetetrahydrofolate reductase (MTHFR) and thymidylate synthase (TS)
gene polymorphisms in postmenopausal women with OVCF (Table 1).
Material and Methods : We recruited 301 postmenopausal women and performed genotyping for
the presence of MTHFR 2572C>A, 4869C>G and TS 1100C>T, 1170A>G. Genotyping was
analyzed using the polymerization chain reaction restriction fragment length polymorphism assay.
Results : We investigated the genotype distributions for MTHFR and TS 3’-UTR polymorphisms.
The genotype frequencies of controls and patients were consistent with expectations under the
Hardy-Weinberg equilibrium (HWE). When compared with the control group, MTHFR 2572CA+AA
was significantly associated with the decreased prevalence of osteoporosis (CC versus CA+AA:
AOR = 0.49, 95% CI = 0.29 - 0.86, P=0.012) and OVCF (CC versus CA+AA: AOR = 0.38, 95% CI
= 0.18 - 0.81, P=0.013). TS 1100CT+TT was also associated with the decreased prevalence of
OVCF (CC versus CT+TT: AOR = 0.46, 95% CI = 0.24 - 0.89, P=0.02). For TS 1170A>G,
regardless of dominant or recessive genotype, both AG and GG genotypes significantly reduced
the occurrence of not only osteoporosis but also OVCF.
Conclusions : Our results suggest that the polymorphisms of MTHFR 2572C>A, TS 1100C>T, and
TS 1170 A>G were significantly associated with a decreased risk of osteoporosis and/or OVCF.
Our results suggest that the polymorphism in the 3’-UTR of the MTHFR and TS genes have a
significant association with osteoporosis and OVCF. Although these findings have a small impact
on the complex pathogenesis for osteoporosis, the data described here could contribute to the pool
of SNP variants needed for individual osteoporosis and OVCF risk assessment.
Characteristics
Age at surgery (yr)
Age at final follow-up (yr)
Follow-up (yr)

Severe Graduates (N = 41)
N (%)
Mean (Range)
5.5 (1.4–9.7)
15.0 (10.2-24)
9.8 (3.4–21)

Control Graduates (N = 41)
N (%)
Mean (Range)
5.4 (1.4–9.9)
13.5 (9.8-20)
8.0 (3.3–13.4)

Type of EOS
Congenital
Idiopathic
Neuromuscular

8 (20)
13 (32)
13 (32)

8 (20)
13 (32)
13 (32)

P Value
0.85
0.011
0.0091

1.0

Syndromic
No. of lengthening procedures
Total no. of surgical procedures*
Final fusion
Major Curve (°)
Preoperative
Final follow-up
>45° residual major curve at FFU
Spinal height, T1-S1 (mm)
Preoperative
Final follow-up

7 (17)

7 (17)
7.0 (3–15)
8.8 (3–20)

28 (68)

8.2 (3–18)
9.5 (3–23)
12 (29)

102 (90, 139)
56 (10, 91)
14 (34%)

0.0010
64 (33, 88)
36 (12, 89)

33
(80%)
226 (138,
380)
337 (159,
447)

266 (145,
416)
361 (260,
510)

Thoracic height, T1-T12 (mm)
Preoperative
143 (73, 244)
157 (72, 257)
Final follow-up
213 (80, 291)
224 (139,
≥18 cm at FFU
30 (73)
36 (87)
321)
≥22 cm at FFU
20 (49)
23 (56)
*
Includes index procedure, lengthening procedures, revisions, and final fusion, if applicable.
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0.11
0.38

<0.001
<0.001
<0.001

0.0010
0.093

0.15
0.27
0.095
0.51
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THE EFFECT OF QUASI-PHYSIOLOGICAL LOADING ON THE INTERSEGMENTAL COUPLED MOTION
BEHAVIOUR OF THE HUMAN THORACIC SPINE: AN IN VITRO STUDY USING ENTIRE RIB CAGE
SPECIMENS

Christian Liebsch, Hans-Joachim Wilke
Institute of Orthopaedic Research and Biomechanics, Ulm, Germany

Introduction
For a better understanding of the development and treatment of spinal deformities, such as
scoliosis or hyperkyphosis, the complex motion behaviour of the thoracic spine has to be further
investigated. Numerical models of the thoracic spine are used to analyse the effect of surgical
treatments, but need to be validated by data derived from in vitro experiments to achieve high
model accuracy. Therefore, the purpose of this in vitro study was to evaluate the coupled motion
characteristics of the thoracic spine under quasi-physiological conditions.
Methods
Eight fresh frozen human thoracic spinal specimens (C7-L1, mean age 54±6 years) including the
intact rib cage were equipped with optical markers on each spinous process and screws for follower
load application on the lateral part of each vertebral body. Using a custom-built spine tester, the
specimens were loaded with pure bending moments of 5 Nm in flexion/extension (FE), lateral
bending (LB), and axial rotation (AR) without as well as with a follower load of 400 N. During
loading, the relative motions of each vertebra were monitored using the optical motion tracking
system Vicon MX13. The specimens underwent 3.5 loading cycles with a constant loading rate of
1°/s, while the third loading cycle served for data evaluation. The ranges of motion (ROM) of the
segments T1-T12 were determined using MATLAB and statistically analysed using the Friedman
test in SPSS.
Results
High coupled motions were found in lateral bending with ipsilateral axial rotation (Fig. 1), which
further increased after applying a follower load, leading to a dominant axial rotation during primary
lateral bending, while all other coupled motions in the different motion directions were reduced
under follower load. During primary axial rotation, a slight contralateral lateral bending was
detected, whereas no coupled motions were found during primary flexion/extension. Follower load
decreased the overall ROM (F/E: 10°, left/right LB: 13°, left/right AR: 12°) significantly (p<0.05) in all
primary motion directions (extension: -46%, left/right LB: -72%, left/right AR: -26%) except flexion (36%). On the monosegmental level, the follower load especially reduced the upper ROM from T1T2 to T4-T5 in all motion directions as well as the lower ROM from T9-T10 to T11-T12 in lateral
bending.
Discussion
Quasi-physiological loading increases the high ipsilateral axial rotation during primary lateral
bending, while reducing the low coupled motions in primary flexion/extension and axial rotation. The
facet joints and intervertebral disc morphologies presumably affect the thoracic spinal coupled
motions depending on axial compressive preloading. Using these results, the validation of
numerical models can be performed more accurately.
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THE THREE-DIMENSIONAL DEFORMITY IN AIS DEPENDS ON THE TYPE OF CURVATURE

Ayman Assi, Mohammad Karam, Wafa Skalli, Claudio Vergari, Ziad Bakouny, Joeffroy Otayek,
Aren Joe Bizdikian, Fares Yared, Nour Khalil, Khalil Kharrat, Ismat Ghanem
Faculty of Medicine, University of Saint-Joseph, Beirut, Lebanon

Introduction
Adolescent idiopathic scoliosis (AIS) is a deformity of the spine that occurs in the 3 planes. Three
types of scoliotic deformities can be defined depending on the location of the apex of the major
curve: thoracic (T), thoraco-lumbar (TL) or lumbar (L) [1]. There are currently few studies evaluating
the relationship between the deformities seen in the different planes [2,3]. However, it is still
unknown how the three-dimensional deformity differs between the three types of curvature.
Purpose:
To quantify the deformity in the three planes in different types of AIS deformity.
Methods:
Patients with AIS, who underwent full body biplanar X-rays, were consecutively included and had
their spines and pelvises reconstructed in 3D. Parameters of the major scoliotic curvature were
calculated in 3D: frontal Cobb angle, torsion index (TI: mean of the sum of intervertebral axial
rotations from lower junction to apex and from apex to upper junction), hypokyphosis index (HI: loss
of kyphosis or lordosis at the apex compared to controls) and intervertebral rotation at the junctional
levels (IRJ) [4]. Post X-ray treatment decision was collected: no treatment (Cobb<25°), bracing, or
surgery. Patients were divided into 3 groups depending on the type of curvature (T, TL, L).
Between-group comparisons were performed while controlling for age using ANCOVA models.
Results:
219 AIS were enrolled (183F; 14±2 years; T:109, TL:71, L:39). Frontal Cobb angle was higher in
the T group compared to TL and L groups (T:44±23° vs. TL:33±15° & L:26±12°; p<0.001). Similar
HI (average: -2.1±4°) was found between groups. Both TI and IRJ were higher in the T group
compared to TL and L groups: for TI, T:15±8° vs. TL:8±5° & L:6±4° (p<0.001) and for IRJ, T:9±5°
vs. TL&L:6±3° (p<0.001). Patients with thoracic scoliosis were mostly treated surgically compared
to lumbar ones (T:54% vs. TL:37% vs. L:15%, p<0.001; fig.1a). Deformities were significantly
correlated (p<0.001) between the frontal and sagittal planes (r=-0.27) as well as the sagittal and
axial planes (r=0.46). TI increased with increasing Cobb angle (r=0.81; fig.1b).
Conclusion:
This is the first study to evaluate the deformity of different types of scoliosis in the 3 planes. Over
90% of patients were characterized by high torsion, intervertebral rotation at junctional levels and
hypokyphosis index. Patients with thoracic scoliosis seem to have a more severe deformity in the
frontal and axial planes compared to those with lumbar or thoraco-lumbar scoliosis. Patients with
thoracic scoliosis were more frequently treated surgically compared to patients with other
deformities, which was possibly related to the increased severity of the thoracic deformities.
Increasing severity in the frontal plane was found to be related to increasing severity in the sagittal
and axial planes.
[1] Lenke et al., JBJS, 2001. [2] Newton et al., JBJS, 2015. [3] Hu et al., Eur Spine J, 2016. [4] Skalli
et al., Spine, 2017.
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BIOMECHANICAL ANALYSIS OF A NOVEL CF/PEEK VERTEBRAL BODY REPLACEMENT IN
COMBINATION WITH A SCREW AND ROD SYSTEM (CF/PEEK VS. TITANIUM)

Daniel Adler, Schmoelz Werner, Spicher Anna, Stephanie Goerke, Michael Akbar
Spine Center, Department of Orthopaedic Surgery, Trauma Surgery and Division of Spinal Cord Injury,
Ruprecht-Karls-University Heidelberg, Germany

Purpose:
Vertebral body replacement (VBR) is well-established to stabilize tumor related, unstable (>
AOSpine A3) vertebral fractures. The vast majority of implants are manufactured of metallic alloys,
which lead to artifacts in postoperative radiological diagnostics as well as in adjunct radiation
therapy. The purpose of this study was to evaluate biomechanical data of a novel CF/PEEK
(carbon fiber reinforced PEEK) VBR in combination with a CF/PEEK screw and rod system
compared to an established titanium 360° treatment.
Methods:
Six fresh frozen human thoracolumbar specimens (Th11-L3) were tested in a six degree of freedom
spine tester in flexion/extension, lateral bending and axial rotation with pure bending moments of +7.5 Nm. CF/PEEK pedicle screws (6.5 mm) were used in Th11/12 and L2/3 in all tested
specimens. Variations in the instrumentations consisted of two different 6 mm rod materials
(CF/PEEK vs. Titanium) with and without cross connectors and two different VBR materials
(CF/PEEK prototype vs. Titanium).
Results:
In lateral bending the ROM (Range of motion) of the treated index segments (Th12-L2) was
significantly (p<0.05) reduced in all instrumented states compared to native condition
(instrumentations: 0.24°-0.30° (SD 0.18 - 0.21) vs native: 11.2° (SD 3,26)). There were no
significant differences (p>0.05) between the tested instrumentations in all specimens.
In flexion/extension the ROM of the instrumented index (Th12-L2) segments was significantly
(p<0.05) reduced in all instrumented states compared to segments´ native condition
(instrumentations: 0.29°-0.35° (SD 0.12-0.31) vs native: 10.3° (SD 2.4)) without significant
differences (p>0.05) between the tested instrumentations.
In axial rotation the ROM of the instrumented index (Th12-L2) segments was also reduced in all
instrumented states (p<0.05) compared to native condition (instrumentations: 1.84° - 3.95° (SD
0.33-0.9) vs native: 4.83° (SD 0.95). Less rigid CF/PEEK rods in combination with CF/PEEK VBR
resulted in the highest ROM (3.95°,SD 0.90) whereas titanium rods with titanium VBR and two
additional cross connectors resulted in the lowest ROM (1.84°, SD 0.33).
Two additional cross connectors reduced ROM in axial rotation for all instrumentations
independently to VBR or rod material (CF/PEEK vs titanium). VBR`s material (CF/PEEK vs
titanium) had only small effect on ROM while posterior rod material (CF/PEEK vs titanium) had a
greater effect on ROM in axial rotation.
Conclusions:
The novel CF/PEEK VBR meets the expectations regarding load capacity and stability.
Two cross connectors are recommended as they reduce ROM independently of rod and VBR

material.
In axial rotation CF/PEEK rods provide a higher ROM than titanium rods.
In lateral bending and flexion/extension there were no significant differences between the tested
instrumentations and VBR.
The stiffness of rod material affects the ROM rather than the stiffness of VBR material.
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INTRA-WOUND APPLICATION OF VANCOMYCIN POWDER MAY INCREASE GR (-) WOUND
INFECTIONS: A CASE-CONTROL STUDY

Emre Acaroglu, Prashant Adhikari, Vugar Nabi Nabiyev, Selim Ayhan, Selcen Yuksel, Selcuk
Palaoglu
1 Ankara Spine Center, Ankara, Turkey; 2 Fellow spine surgeon, ARTES Spine Center at Acibadem Ankara
Hospital, Ankara, Turkey; 3 Department of Orthopaedics and Traumatology, ARTES Spine Center at
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Acibadem Ankara Hospital, Ankara, Turkey; 5 Department of Biostatistics, Yildirim Beyazit University, Ankara,
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Introduction: Surgical site infection (SSI) after spine surgery is a devastating condition with
significant increases in health care costs, hospital stay and morbidities. Recent studies have
suggested that application of intra-wound vancomycin powder before surgical closure may be a
promising method for reducing the SSI rate after spine surgery. However, its use is controversial
and the literature support on its efficacy is conflicting.
Objective: To compare the SSI rates in spinal surgery with or without topical intra-wound application
of vancomycin powder in addition to standard IV antibiotic prophylaxis.
Methods: A retrospective case series review was performed. A total of 158 patients undergoing
spinal surgery in a single hospital with the same surgical team, for indications other than infections
and single level cervical or lumbar disc surgeries from January 2015 to December 2016 were
included in the study. Of these, eighty-eight (55.7%) patients who were operated in 2016 and had
received intra-wound vancomycin (V group) were compared to 70 (54.3%) who were operated in
2015 and did not have (No-V group). Data on demographics, surgical characteristics, possible risk
factors for SSIs and the application of vancomycin powder were collected from the patients’ files
and electronic patient records. Infection rates were compared with Chi-square statistics.
Results: Groups were similar with respect to demographic and surgical characteristics. Out of 158
patients, 4 (2.5%) patients acquired SSI. There were 3 (3.4%) patients with SSI in the V group
compared to 1 (1.4%) patient in the non-V group (p=0.43). All patients with SSI in both groups were
found to have undergone more than three levels of instrumented fusion. The isolated
microorganisms were Escherichia coli in two patients and Pseudomonas aeruginosa in one patient
in the V group, whereas the non-V patient grew Morganella morganii and Staphylococcus
epidermidis.
Conclusion: Intra-wound application of vancomycin powder does not reduce the risk of SSI in spinal
surgery. Moreover, it may also affect the underlying pathogens increasing the propensity for gram
negative species.
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VANCOMYCIN POWDER MIXED WITH AUTOGENOUS BONE GRAFT AND BONE SUBSTITUTE MAY
DECREASE THE RISK OF DEEP SURGICAL SITE INFECTION IN DEGENERATIVE LUMBAR SPINES
FUSION SURGERY - AN AMBISPECTIVE STUDY

Wang Shih-Tien, Po-Hsin Chou, Yu-Cheng Yao
Department of Orthopedic Surgery, School of Medicine, National Yang Ming University; Department of
Orthopedic and Traumatology, Taipei Veterans General Hospital, Taipei, Taiwan

Introduction
Deep surgical site infection (DSSI) is one of the most challenging complications for spinal surgeons
and can lead to a poor clinical outcome. This ambispective study was designed to examine the
effect of vancomycin powder mixed with autogenous bone graft and bone substitute on preventing
DSSIs in degenerative lumbar fusion surgeries as well as any interference with bony fusion.
Materials and Methods
From January, 2015 through December, 2015, a one-year prospective study using vancomycin
powder mixed with autogenous bone graft and bone substitute for degenerative spinal disorders
was conducted. 1 gm vancomycin was used for 2 and 3-level surgery, and 2 gm for more than 3level. A total of 110 patients were prospectively enrolled. From December, 2013 through December
2014, 86 patients that did not use vancomycin before the vancomycin protocol were retrospectively
enrolled. Operative treatment for degenerative spinal disorders regarding posterior decompression
with laminectomy, instrumentation with posterolateral and/or interbody fusion was performed by one
senior surgeon. Vancomycin concentration was checked at post-operative days 1 and 3 for both the
serum and drainage. Patients’ demographic data, microbiology reports, fusion status and functional
outcome regarding ODI and VAS at leg were evaluated ambispectively.
Results
110 patients were grouped in the vancomycin (V) group, and 86 in the non-vancomycin (NV) group.
The average age was 72.9 years with a mean of 29 months follow-up (range, 24-42). Three
patients (3.48%, 3/86) developed postoperative DSSIs in the NV group, thereby requiring further
parenteral antibiotics treatment versus no DSSIs (0%, 0/100) in the V group. (p=0.048). The serum
vancomycin levels were undetectable following the operation in the V group and the mean
vancomycin concentration of drainages at postoperative days 1 and 3 were 517.96 ± 174.4 ug/mL
and 220.14 ± 102.3ug/mL, respectively. There were no adverse events related to the local
application of vancomycin. Two patients diagnosed with DSSI had cage non-union and loosening
pedicle screws needed additional surgery to remove the implants. Two patients had S1 screw
loosening in both groups, respectively. The solid bony fusion rate was 100% in both groups with
similar functional outcomes.
Discussion
According to this ambispective study, a high local concentration and undetectable serum
concentration was found by local application of vancomcyin powder, which would not affect the
posterolateral or interbody fusion by similar functional outcomes. Our vancomycin protocol may
reduce the incidence of deep surgical site infection. Moreover, autogenous bone graft mixed with
bone substitute can be a local delivery system for vancomycin. A long-term prospective randomized
trial should be performed to prove the effect of vancomycin in preventing deep surgical site
infection.
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LYMPHOCYTE COUNT AT 4 DAYS POSTOPERATIVELY AND CRP LEVEL AT 7 DAYS
POSTOPERATIVELY: RELIABLE AND USEFUL MARKERS FOR SURGICAL SITE INFECTION
FOLLOWING INSTRUMENTED SPINAL FUSION

Eiichiro Iwata, Yusuke Yamamoto, Hideki Shigematsu, Hiroshi Nakajima, Masato Tanaka, Akinori
Okuda, Yasuhito Tanaka
Nara City Hospital, Narashi, Japan

Objective. To identify biochemical markers for surgical site infection (SSI) in posterior instrumented
spinal fusion that are not affected by operative circumstances and to determine diagnostic cutoffs
for these markers
Summary of Background Data. Numerous biochemical markers may be used for early detection of
SSI; however, these markers may be affected by operative factors.
Methods. We reviewed data on C-reactive protein level and total white blood cell count and
differential count before instrumented spinal fusion and at 1, 4, and 7 days postoperatively. The 141
patients in our sample were divided into an SSI group (patients who developed deep SSI) and a noSSI group. We determined which markers differed significantly between groups and identified those
not affected by operative circumstances (operating time, intraoperative blood loss, number of fusion
segments) in the no-SSI group. Then, we determined diagnostic cutoffs for these unaffected
markers by using receiver operating characteristic curves.
Results. Three markers were selected: lymphocyte count at 4 days postoperatively (cutoff 1180/μL,
sensitivity 90.9%, specificity 65.4%, area under the curve [AUC] 0.80), lymphocyte count of at 7
days postoperatively (cutoff <1090/μL, sensitivity 63.6%, specificity 78.5%, AUC 0.77), and Creactive protein level at 7 days postoperatively (cutoff >4.4 mg/dL, sensitivity 90.9%, specificity
89.2%, AUC 0.95).
Conclusion. Lymphocyte count at 4 and 7 days postoperatively and C-reactive protein level at 7
days postoperatively are reliable markers for SSI following instrumented spinal fusion. Lymphocyte
count at 4 days should be useful for screening because of its high sensitivity and because it can be
measured early. C-reactive protein level 7 days should be useful for definitive diagnosis given its
high sensitivity and specificity and large AUC.
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RELEVANT ON SURGICAL DECISION MAKING IN SPINAL TUBERCULOSIS?
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Introduction: Patients treated for spinal tuberculosis (TB) with chemotherapy alone may have an
average increase of 15 degrees in deformity and 3% to 5% of these develop kyphosis greater than
60 degrees. Surgery has been advocated as the standard treatment in these patients, as well as in
those with neurological loss.
Objective: To analyze the impact of the parameters other than neurological status of the patients on
surgical decision making in spinal TB.
Methods: A retrospective analysis of a single center case series was performed, and a total of 99
patients with spinal TB, managed surgically (S) or non-surgically (NS) between 2006 and 2016,
were analyzed. This patient series was not started for any research purposes and reflects the
treatment preferences of the treating physician as well as the patients. Neurological status was set
as dependent variable while the visiual analog scale (VAS) score, contiguity and sagittal plane
deformity were set as independent variables. A stepwise multivariate logistic regression method
was used to evaluate the impact of clinical variables on S group.
Results: Of the 99 patients (60F/39M) with a median age of 27years; 83(83.8%) were treated
surgically and 16 (16.2 %) were managed non-surgically. The median values for VAS score,
number of vertebral involvement, erythrocyte sedimentation rate (ESR), and preoperative kyphotic
angles were 9, 2, 56 and 30, respectively (Table 1A). Multivariate logistic regression test results
showed that the probability of having a surgical intervention increases by 8.036 and 5.249 times for
the patients with deformity and with contiguous disease, respectively (p<0.05). Moreover, one-unit
increment on VAS score increases the probability of having a spinal surgery by 1.371 times, as well
(p<0.05) (Table 1B).
Conclusion: TB of the spine may result in sagittal plane deformity and most of the patients are
suffering from significant amount of back pain because of the disease. In this study based on pure
surgeon and patient preferences, the presence of kyphotic deformity, contiguity of the lesion and
pain intensity (in addition to neurology) were shown to be relevant factors in making the decision for
surgery.
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INDICATORS FOR NON-ROUTINE DISCHARGE FOLLOWING CERVICAL DEFORMITY-CORRECTIVE
SURGERY: RADIOGRAPHIC, SURGICAL, AND PATIENT-RELATED PREDICTORS
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Background: Recent studies suggest non-routine discharge, including discharge to inpatient rehab
and skilled nursing facilities, is associated with increased cost of care. Given the rising prevalence
of cervical-deformity(CD)-corrective surgery and the necessity of value-based healthcare, it is
important to identify indicators for non-routine discharge in surgical CD patients.
Study Design: Retrospective review of prospective, multicenter CD database
Methods: Included: Surgical CD patients(C2-C7 Cobb>10°, CL>10°, cSVA>4cm, or CBVA>25°)
>18yr with discharge and baseline(BL) radiographic data. Non-routine discharge defined: inpatient
rehab or skilled nursing facility. Conditional Inference Decision Trees identified predictors of nonroutine discharge, and cut-off points at which predictors have a global effect. A Conditional Variable
Importance Table used non-replacement sampling set of 3000 Conditional Inference trees to
identify influential patient/surgical factors. Binary logistic regression indicated effect size of influential
factors at significant cut-off pointsMeans comparison testing assessed the relationship between
non-routine discharge and reop/HRQL outcomes.
Results: Included: 138 patients(61±10yrs,63%F) undergoing CD-corrective surgery(8.2±4.6 levels;
49% posterior-only approach, 16% anterior-only, 35% combined). 29% of patients experienced
non-routine discharge(21% inpatient rehab, 8% SNF). BL cervical and upper-cervical malalignment
was the strongest predictor of non-routine discharge: [1] C1 slope>14°(OR:8.4[95% CI:3.1-22.7]),
[3] C2 slope>57°(OR:7.0[2.6-18.3]), [4] TS-CL>57°(OR:5.9[2.2-15.9]), [14] C0 slope>0.66°(OR:4.2[1.9-9.3]), [15] cSVA>40mm(OR:4.6[2.0-10.9]), [18] McGregor’s
slope>1.9°(OR:4.1[1.7-9.9]). Patient-related predictors of non-routine discharge were [2] BL gait
impairment(OR:5.29[2.3-12.4]), [8] age>59yrs(OR:4.3[1.6-11.1]), [10] apex of CD primary
driver>C7(OR:3.9[1.8-8.6]), and [13] admission to surgical ICU(OR:5.4[1.9-14.8]). Experiencing 2 or
more complications was predictive of non-routine discharge(OR:4.2[1.9-9.2]), but the only specific
complications predictive of non-routone discharge were EBL>900cc(OR:3.6[1.7-7.7]) and presence
of any neuro complication(OR:2.8[1.8-8.4]). The only surgical predictor of non-home discharge was
[12] fusion>8 levels(OR:4.0[1.8-9.0]). LOS>6 days was also predictive of non-routone

discharge(OR:4.0[1.8-8.9]). There was no relationship between non-routine discharge and reop
within 3 months(P=0.249), 6 months(P=0.793), or 1 year(P=0.814) of index procedure. Despite no
differences in BL EQ-5D(P=0.946), non-routine patients had inferior 1-year postop EQ-5D
scores(non-routine: 0.75, home: 0.79,P=0.044).
Conclusions: Preop cervical malalignment was a top predictor of non-routine discharge in surgical
CD patients. Age, driver of deformity, and >8 level fusion also predicted non-routine discharge, and
should be taken into account to improve resource allocation and patient counseling.
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SIGNIFICANT DIFFERENCES IN MORBIDITY WHEN COMPARING ADVERSE EVENTS FOR CERVICAL
AND LUMBAR SPINE SURGERY - PROSPECTIVELY GRADED WITH SAVES
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Background: Most studies on complications in spinal surgery have been retrospective, and the
reporting of adverse events (AEs) has been inconsistent, regarding definitions and severity grading.
Furthermore, to our knowledge no studies have reported on prospectively registered AEs
comparing cervical with lumbar surgery at a single major spine surgical centre. The SpineAdVerse
Events Severity (SAVES) system is a validated standardization of the prospective registration and
classification of spine surgery AEs.
Purpose: To describe and compare the incidence of AEs, using the SAVES system, in patients
undergoing lumbar surgery with patients undergoing cervical surgery for degenerative spinal
diseases at one major tertiary spine centre.
Study design: A prospective, consecutive cohort study.
Outcome measures: The primary outcome measure were comparing the number of AEs in lumbar
with cervical surgery. Secondary outcome measures were comparing: a) length of stay (LOS), b)
readmission rate at 30 at 90 days, c) unplanned second surgery during index admission and d)
wound infections requiring revision; between the two groups.
Methods: All patients undergoing spinal surgery at our academic tertiary surgical centre were
consecutively included from 010216 - 311017. Using the SAVES grading system an independent
research coordinator, not involved in the treatment of the patients, prospectively collected all data.
Once a week all patient charts were reviewed with a senior surgeon for validation. The Student ttest was used for comparing mean LOS, the Mann-Whitney U test for comparing AEs and Pearson
chi-square test for comparisons of incidence between groups.
Results: A total of 1692 consecutive cases were included with 100% data completion, of which
1399 underwent lumbar, 288 underwent cervical, and 5 were excluded due to thoracic spine
surgery. A total of 1398 lumbar AEs (402 intra- and 996 perioperative) and 232 cervical AEs (84
intra- and 148 perioperative) were registered, resulting in a mean of 1.00 AEs per lumbar patient
and 0.81 AEs per cervical patient (p<0.05). The mean LOS were 2.19 days in the cervical group
and 3.12 days in the lumbar group (p<0.05). There were a total of 34 readmissions at 30-days and
26 at 90-days in the cervical group. In the lumbar group there were 150 readmissions at 30-days
and 135 at 90-days. There was a significant difference (p<0,01) in unplanned secondary surgeries
with a total of 20 (incidence 7.0%) performed in the cervical group, and 38 (incidence 2.7%) in the
lumbar group. There were no infections in the cervical group. In the lumbar group there were 4
superficial and 1 deep wound infection; none of which required surgical revision.
Conclusions: The results show significant fewer AEs and significant shorter length of stay in hospital
when undergoing cervical compared to lumbar spine surgery, but at the same time a significantly
higher rate of unplanned secondary surgery in the cervical group.
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Summary
In an analysis of 379 adult spinal deformity patients, PJK/PJF rates were found to be lower for all
UIV locations , when sagittal plane restoration was performed according to the individualized
sagittal plane shape and alignment.
Hypothesis
Occurrence of PJK/PJF is more related to the post-operative sagittal alignment than the selection of
UIV.
Design
Retrospective analysis of a prospectively collected data of adult spinal deformity patients.
Introduction
PJK/PJF incidence has been reported to decrease as UIV gets higher, due to reduction of stressors
at the proximal junctional segments. Thus, selecting a higher UIV and avoiding to stop at TL
junction and kyphotic apex was recommended. However, the role of proper sagittal plane
reconstruction for different UIV levels in avoiding PJK/PJF has not been well investigated. The aim
was to compare PJK/PJF rates of different anatomic UIV locations in patients that reached different
postoperative sagittal shape and alignment.
Methods
Inclusion criteria: ≥4 levels fusion, and ≥2y f/up. PJK was defined as UIV - UIV+2 angle ≥20° and to
have ≥10° increase between early postop and follow-up radiographs. PJF was defined as fracture
of UIV or UIV+1, hook dislodgement, pullout or cutout of instrumentation at UIV, and/or sagittal
subluxation. UIV location was divided into 5 anatomic regions: L2-L3, T10-L1, T6-T9, T4-5 and T23. The Global Alignment and Proportion (GAP) score was used to postoperatively divide patients
into 3 sagittal shape and alignment groups: Proportioned (GAP-P), Moderately Disproportioned
(GAP-MD) and Severely Disproportioned (GAP-SD). PJK/PJF rates were compared using Chisquared tests.
Results
379 pts (303F, 77M) were included. Mean age: 53.1±19.3(18-84) years. Mean f/up: 32.0±10.2(2465) months. 150 pts were GAP-P, while 128 and 108 were GAP-MD and GAP-SD, respectively.
For the whole cohort, PJK/PJF rates differed in UIV categories, TL junction having the highest, and
Upper Thoracic having the lowest rates (p<0.001). When each GAP group was analyzed, PJK/PJF
rates were similar in all UIV categories (p=0.793, p=0.869, and p=0.060, respectively). PJK/PJF

rates were lower in GAP-P groups (p<0.01) (Fig 1).
Conclusion
None of the UIV locations are immune to PJK/PJF. However, in case of proper sagittal plane
reconstruction to the individualized ideal shape and alignment, all anatomic UIV levels are less
prone to PJK/PJF.
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INTRODUCTION: Pro-inflammatory cytokines (TNF α,IL-1 β,IL-6,IL-8 and IL-17) observed with IVD
degeneration is associated with aging and extracellular matrix breakdown, indicating the important
role of inflammation in the IVD degeneration. Synthesis of extracellular matrix is an energydependent process, which may be affected by the shortage of nutrient supply observed in
degenerated IVD. Here we studied the influence of pro-inflammatory cytokines on healthy and
degenerated IVD cells' lactate production as a measure of glycolysis under pro-inflammatory
conditions in macrophage-cocultivation 3D cell culture model.
METHODS: Human annulus fibrosus(AF) and nucleus pulposus (NP) cells were isolated from the
degenerated disc tissue obtained during discectomy (Degenerated group) or from a 24-week fetus
(Healthy group, from Sciencell). Cells were expanded in monolayer, then trypsinize and resuspend
in 1.2% sodium with formation of alginate beads using 102 mM CaCl2.The IVD cells incapsulated in
alginate beads (2*105 cells/well) were cocultured with or without 100 nM phorbolmyristate acetateactivated macrophage-like THP-1 cells (aTHP-1) Viability, lactate production, glucose consumption
and sulfated GAGs (1,9-dimethyl-methylene blue assay) were assessed. Cytokine levels were
measured by cytometric bead array kit (BD Biosciences, USA). Cell morphology in 3D culture was
studied using immunocytochemistry: whole beads were fixed and stained with phalloidin for F-actin
and DAPI for DNA, and imaged on a laser confocal microscope. All experiments were repeated in
triplicate. A main effects ANOVA and post-hoc Mann-Whitney U-tests were performed to compare
control, and aTHP-1groups.
RESULTS: aTHP cells produced significantly more IL-10, IL-6, IL-1 β and IL-8 (p<0.05) compared
to control media and non-activated THP-1 cells. Significant increase of IL-1 β,IL-8 levels was
observed in all coculture groups compared to controls (p<0.05). Proliferative activity (p=0.12) and
viability (p=0.01) of both healthy and degenerated AF and NP cells significantly decreased in aTHP1 coculture groups. GAG production was significantly lower in degenerated NP and AF cells when
compared to the healthy groups, p<0.05 for both cell types. Pro-inflammatory cytokines significantly
decreased GAG mass/cell in all aTHP-1coculture groups (pANOVA=0.003). Significant decrease
(p<0.05) of lactate production was observed in aTHP-1coculture groups of healthy NP and AF cells
compared to control. The imaging study showed smaller cell size and grouping in clusters in the
degenerated IVD cells compared to healthy.
CONCLUSION: Our study confirmed the detrimental effect of macrophage-conditioned media on
IVD cell proliferation, viability and GAG production. Additionally there was a decrease in lactate
production under proinflamatory conditions in healthy IVD cells. Inflammation in the IVD causes a
decrease in cell proliferation, production of key disc hydrating proteins, and rate of glycolysis.
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UROGENITAL DYSFUNCTION AFTER CAUDA-EQUINA SYNDROME: A PROSPECTIVE LONG-TERM
STUDY OF SPHINCTER AND SEXUAL FUNCTION

, Adam Devany, Robert Crawford, Lennel Lutchman, Ruth Doherty, Nick Steele
Norfolk and Norwich University Hospitals, Norwich, UK

Background: Urogenital dysfunction after cauda equina syndrome [CES] is well recognised in both
CES Incomplete [CESI] and CES with Retention [CESR] sub-types. However, long-term data on
the functional outcome and recovery of micturition, bowel and sexual function is limited. There is
lack of a validated grading for urogenital function to assess recovery and prognosis.
Aim: The aim of our study was to report on the long-term outcomes of sphincteric and sexual
function using validated PROMS after CES surgery and further assess outcomes specific to CESI
and CESR.
Methods: Prospective review of all patients with CES during 2004 to 2016. All patients were
reviewed in a dedicated CES clinic with a spinal surgeon, urologist and a rehabilitation specialist. All
patients were evaluated using the International Prostate System Score [IPSS] and the International
Consultation on Incontinence Questionnaire [ICIQ-IU]. We also derived the relevant ICIQ sexual
matters questionnaire to separately assess the impact of CES on sexual function.
Results: 49 patients out of 59 patients with CES were available with all the validated data and
questionnaires. Mean age was 44 years mean time to follow up was 7 years. 28 patients had CESI
and 21 presented with CESR. Mean time-to-surgery from onset of symptoms was 21 hours. Mean
voiding dysfunction (IPSS) and incontinence (ICIQ-SF) scores were 10 (range 0-26) and 9 (range
2-19) respectively, indicating moderate severity. Sexual problems [genital numbness and lack of
erection / orgasm] was reported in 54% of CESI group and 89% in CESR group. 92% of female
patients reported sexual dysfunction as against 33% of male patients. 23 patients reported bowel
dysfunction including 7 with faecal incontinent. 35 of the 49 patients had a Karnofsky performance
score of 80% or more. No correlation was demonstrated between the ICIQ score and time to
surgery [ p=0.932]
Conclusion: The CESI group had better functional outcomes, although not invariably so and they
may represent those in transition to CESR group. The retention group [CESR] had significantly
worse outcome in all domains of urogenital dysfunction. Understanding the urogenital outcomes
has medico legal and consent implications.
We advocate the use of a dedicated multidisciplinary follow-up clinic for appropriate long-term
management and counselling of this complex patient group.
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