SPINE RESEARG, o

I
TP,

EUROPE
Founded 1983

351" ANNUAL MEETING

CERVICAL SPINE RESEARCH SOCIETY EUROPE

g "

E e

= - . . 3 ' =

= e "R '

= " . - ) .
w00 22-24 MAY 2019
& - K '.‘ L B .

G T crree
(=] [y i 3 ‘8 .

@ . ® . L .

ABSTRACTS

ISBN 978-3-948023-05-8






Index

Mario Boni Grant NOMINAted Orals | D106 ........ccccueeiiieiiieiiieeceeeteeestee st e seteesreesreesaseesbeessaeesbaesessseessaeessseenseesnsenses 4
Mario Boni Grant Nnominated EPOSTErs | O23—027 ......c.eeecieiiieeeeeeitieecreeeeteeeeteeereeseteesreesteessseessseesseeessseessseesssesssesans 7
Oral PreseNntations | O7—0053 .....cccoiiieiiieeeeetieeeeiee e e eet e e e e ettt e e eeteeeestbeeeeasaeeeassaaaeastaseeasseeeasasssasantseseasssseaasseasansseeaanns 9
€POStEr Presentations | PL—PL129... ..ottt ettt ettt s e st e st e sttt e e et e s beete e sbesatesaeesaeenteeneeeneenaeenes 43
INdeX Of @DSEIrACt AULNOIS ...t st b ettt e bttt s e sbeesbeenbeemeesaeesreeeeenes 135

ISBN: 978-3-948023-05-8



Mario Boni Grant nominated orals

01

Maintaining range of motion after cervical arthroplasty does not prevent adjacent segment degeneration
Xiaoyu Yang?, Roland Donk?, Mark Arts3, Hisse Arnts®, Joris Walraevens®, Zhiwei Zhai®, Bart Depreitere’, Ronald Bartels?, Carmen
Vleggeert-Lankamp?

1Leiden University Medical Centre, Neurosurgery, Leiden, Netherlands

2Via Sana Clinics, Orthopaedic Surgery, Mill, Netherlands

3The Hague Medical Centre, Neurosurgery, The Hague, Netherlands

4Academic Medical Centre, Neurosurgery, Amsterdam, Netherlands

°KU Leuven, Heverlee, Belgium

¢Leiden University Medical Centre, Radiology, Leiden, Netherlands

“University Hospitals Leuven, Neurosurgery, Leuven, Belgium

8Radboud University Medical Centre, Neurosurgery, Nijmegen, Netherlands

Question: Many previous research reported that adjacent segment degeneration (ASD) was prevented in patients with cervical
arthroplasty by means of maintaining range of motion (ROM) and restoring disc height. However, baseline information of ASD and
progression of ASD were rarely reported, and methods to assess ROM are insufficiently precise in most studies. This study aims to
investigate the correlation between ASD and ROM.

Methods: Patients that underwent anterior discectomy for cervical radiculopathy due to a herniating disc were analyzed for
segmental and global cervical ROM and the presence of ASD, both preoperatively, 12 and 24 months postoperatively. 253 patients
were included in two randomized, double-blinded trials (RCT) comparing anterior cervical discectomy with arthroplasty (ACDA),
anterior cervical discectomy with intervertebral cage (ACDF), or anterior cervical discectomy without intervertebral cage (ACD) for
one level disc herniation. ROM was defined by a custom developed image analysis tool. ASD was defined by decrease in disc height
and anterior osteophyte formation on X-rays. Clinical outcome was evaluated by means of the Neck Disability Index (NDI).

Results: Two-year postoperatively, the ACDA group had a higher ROM at the index level and a larger global cervical ROM than the
other two groups. The incidence of ASD was comparable in the three groups though, being circa 34% at baseline, and circa 58% at
2-year follow-up. Likewise, ASD progression was comparable in the three treatment arms. No correlation was demonstrated
between ROM and ASD, and neither was there a correlation between ROM and NDI or ASD and NDI.

Conclusions: ROM is better preserved in the patients that were subjected to arthroplasty, however, this did not result in less ASD,
nor in better clinical outcome. Although follow-up of two-year may be too short to draw firm conclusions, data tend to indicate that
the clinical relevance of persisting ROM at the target level is absent.
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Is upper cervical involvement in female patients with RA associated with neck pain, dysfunction and QOL?

Kazuto Miura¥?, Osamu Morita?, Toru Hirano?, Kei Watanabe?, Naoki Kondo?, Jun-ichi Fujisawa?, Tadamasa Hanyu?, Takahiro
Netsu3, Naoto Endo?

!Nagaoka Red Cross Hospital, Spine and Spinal Cord Surgery, Nagaoka, Japan

2Niigata University, Orthopedic Surgery, Niigata, Japan

3Nagaoka Red Cross Hospital, Rheumatology, Nagaoka, Japan

Question: The most important indications for surgery in the presence of cervical spine involvement in rheumatoid arthritis (RA) are
resistant pain and neurological deficits. On the other hand, patients with cervical spine subluxation are often asymptomatic in
clinical experience. The aim of this study is to investigate the relationship between upper cervical lesions and neck pain, cervical
dysfunction and quality of life (QOL) in female patients withRA.

Methods: We enrolled 1047 female RA patients in this cross-sectional study. Upper cervical lesion (atlantoaxial subluxation [AS],
and vertical subluxation [VS]) were evaluated on plain radiographs. Visual analogue score (VAS) for neck pain, Japanese
Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ) for neck dysfunction and Short Form-8 (SF-8)
for QOL were assessed. One-to-one propensity score matching was performed to control demographic (including age, body mass
index (BMI), onset year and age of RA, and disease duration) and clinical (surgical history, Steinbrocker stage, use of corticosteroid,
methotrexate (MTX), and biological agent (BIO)) imbalances. Multivariate logistic regression analysis of unadjusted and propensity
score-matched cohorts were performed to examine the influence of upper cervical lesions.

Results: The propensity score-matching procedure yielded scores of 146 pairs of matched patients with upper cervical lesions and
without those. The multivariate analysis of propensity score-matched population found upper cervical lesions to show no
significant association with any of the outcome analyzed, including neck pain (p=0.448), cervical dysfunction (p=0.336) and QOL
(p=0.092-0.933).

Conclusions: For female RA patients, upper cervical lesions were not associated with neck pain, cervical dysfunction and QOL.
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Intraoperative neuromonitoring for ossification of posterior longitudinal ligament in nationwide prospective multicenter study
Go Yoshida?, Yukihiro Matsuyama?, Hiroki Ushirozako?, Shiro Imagama?, Shigenori Kawabata3

Hamamatsu University School of Medicine, Orthopeadic surgery, Hamamatsu, Japan

°Nagoya University, Orthopedic Surgery, Nagoya, Japan

3Tokyo Medical and Dental University, Orthopedic Surgery, Tokyo, Japan

Question: Surgical treatment for cervical/thoracic ossification of posterior longitudinal ligament (OPLL) is one of the most
challenging spinal procedures because of high neurological complication rate. Intraoperative spinal neuromonitoring (IOMN) may
have a role in identifying and preventing neural damage for high risk spine surgery.

Methods: We prospectively analyzed the incidence of neurological deterioration and details of IOMN alert, and clarified how to
prevent neural damage in case of IOMN alert in OPLL surgery from 2010 to 2016. The surgical techniques used for cervical OPLL
were posterior laminoplasty/ laminectomy with fusion, or anterior cervical discectomy/corpectomy and fusion, and those used for
thoracic OPLL were posterior decompression and fusion. Tc(E)-MEPs were monitored under uniform monitoring conditions at 16
hospitals.

Results: OPLL surgeries were consisted of 622 cervical OPLL and 249 thoracic OPLL. Totally, TP, FP, TN, FN and rescue cases of Tc-
MEPs were 7, 33, 550, 0 and 32 in cervical OPLL and 30, 28, 170, 1 and 20 in thoracic OPLL, respectively. Alarm and neurological
deficit rate were 6.3% and 1.1% in cervical OPLL, and 20.1% and 12.0% in thoracic OPLL, respectively. In cervical OPLL, 61.5% of the
alerts occurred during lamina opening for laminoplasty. Among these patients, 73.3% were rescued by suspension surgery,
irrigation, or additional decompression/foraminotomy. However, suspension surgery in corpectomy cases were mostly ineffective.
In thoracic OPLL, 54.0% of alerts occurred during posterior decompression for OPLL. For these patients, suspension surgery and
steroid injection after the alarm were also ineffective. However, posture change, bilateral rodding, or additional dekyphosis after
alarm were effective.

Conclusions: This study indicates totally 58.4% rescue cases by Tc-MEPs. Although neurological deficit of OPLL was high,
appropriate intervention for protecting spinal cord and blood supply immediately after IOMN alert was effective even in high risk
OPLL surgery.
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Degenerative cervical myelopathy: Chronic trauma leads to alterations of endogenic inflammatory and angiogenetic mediator
concentrations in CSF

Christian Blume?, Hans Clusmann?, Lars Ove Brandenburg?, Matthias Geiger?, Marguerite Mueller?, Christian Andreas Miillert
IRWTH University Aachen, Department of Neurosurgery, Aachen, Germany

2RWTH University Aachen, Institute of Anatomy and Cell Biology, Aachen, Germany

3RWTH University Aachen, Department of Neuroradiology, Aachen, Germany

Question: Endogenous immune mediated reactions of inflammation and angiogenesis is a component of the secondary injury of
the spinal cord in patients with degenerative cervical myelopathy. Aim of this study is to detect and identify the alteration of
certain mediators in the cerebro-spinal fluid (CSF) in patients with chronic spinal cord injury (SCI) compared control group.
Methods: Patients with DCM (n=28; 14 female; mean age 62.3+10.8) and indication for surgery were included. CSF samples were
taken preoperatively. A control group of patients (n=38; 13 female; mean age 65.0+15.0), with abdominal aortic aneurysm (AAA),
requiring surgery was established. Patients of this group received a CSF drainage for intrathecal pressure monitoring, samples were
taken preoperartively. The neurological status of patients and controls was evaluated prior surgery including NDI and mJOA.
Controls with any neurological deficit or history of neurological diseases were excluded. Samples were examined via ELISA tests.
Protein-concentrations of inflammatory and angiogenic factors were measured in CSF pg/ml: Angiopoietin-2, VEGF-A and C
(Vascular Endothelial Growth Factor), RANTES (Regulated And Normal T cell Expressed and Secreted), Interleukin (IL) 1 beta and IL
8.

Results: Patients and controls did not differ in terms of age and gender distribution. The groups clearly distinguished in their
neurological status (mJOA: DCM 10.8%3.3, AAA 17.3%£1.2, p

Conclusions: Proangiogenetic mechanisms (Angiopoetin 2 and IL-8) were significantly reduced in patients with DCM. Comparable
with known angiogenetic reactions in SCI, however these immune mediated reactions seem to be suppressed over a longer period
of time in chronic SCI. Furthermore Angiopoetin 2 alterations are associated with the clinical severity of DCM.
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Minimal clinically important difference and substantial clinical benefit using PROMIS CAT in cervical spine surgery

Michael Steinhaus?, Benjamin Khechen?, Daniel Stein?, Thomas Ross?, Jingyan Yang?, Kern Singh?, Todd J. Albert?, Darren Lebl?,
Russel Huang?, Harvinder Sandhu?, Bernard Rawlins?, Frank Schwab?, Virginie Lafage!, Han Jo Kim?, Sravisht lyer!

LHospital for Special Surgery, New York, NY, United States

2Rush Medical University, Chicago, IL, United States

Question: PROMIS allows for improved psychometric properties with reduced questionnaire burden through computer adaptive
testing (CAT). The purpose of this study is to establish minimal clinically important difference (MCID) and substantial clinical benefit
(SCB) thresholds for PROMIS use in patients with cervical spine pathology

Methods: Adult patients undergoing cervical spine surgery at a single institution between 2016-2018 were prospectively enrolled.
Patients completed questionnaires (SF-36, NDI, VAS arm/neck, and PROMIS PI, PF) preoperatively and at 6 months postoperatively.
MCID was calculated using distribution-based and SCB using anchor-based methods. The Health Transition Item of the SF-36 was
utilized as an anchor with the cut-off values chosen using receiver operating characteristic (ROC) curve analysis

Results: There were 139 patients meeting inclusion criteria, with a mean age of 56.4 years and diagnoses of myelopathy (n=36),
radiculopathy (n=48) and myeloradiculopathy (n=49). There were significant improvements in PROMIS PF, PROMIS PI, NDI, and SF-
36 MCS and PCS pre- to post-operatively (p <0.001). The test-retest reliability of all tests was excellent (ICCs = 0.87-.094). Using
these values, we calculated the standard error of measurement (SEM) and MCID for all tests. PROMIS, SF-36 and NDI scores were
all correlated with our anchor question (|r| = 0.34-0.48, p<0.001). MCIDs were 8.5 (NDI), 11.1 (SF-36 PCS), 9.7 (SF-36 MCS), 4.9
(PROMIS PI), and 4.5 (PROMIS PF). SCB was 13 (NDI), 24 (SF-36 PCS), 11.8 (SF-36 MCS), 6.85 (PROMIS PI), 6.75 (PROMIS PF). MCIDs
were greater than the SEM for all measures

Conclusions: We report an MCID of 4.9 for the PROMIS Pl and 4.5 for PF. SCB threshold for Pl and PF was closer to 6.8. These data
support the use of PROMIS in cervical spine patients and support the use of the CATs as a method to reduce questionnaire burden.
Lastly, our results provide important reference as PROMIS reporting becomes more widespread in the literature
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Neuropathic pain after spinal cord injury relieves in CCL21 knockout (plt) mouse through decreasing of M1 type
microglia/macrophage and inflammatory cytokines at the injured site and lumbar enlargement

Hideaki Nakajima?, Kazuya Honjoh?, Shuji Watanabe?, Akihiko Matsumine?!

LFaculty of Medical Sciences University of Fukui, Department of Orthopaedics and Rehabilitation Medicine, Fukui, Japan

Question: Activated microglia are thought to contribute to neuropathic pain symptoms through their release of modulators of
neuronal excitability. In this study, spinal cord injury (SCI) models by using mutant (plt) mice that have deficient CCL19/CCL21
(microglia-activating factor) expression, we assessed the post-SCI chronic neuropathic pain and the expression of
microglia/macrophage (M/M) and inflammatory cytokines in the injured site and lumbar enlargement.

Methods: C57BL/6 and plt mice were subjected to SCI at T9-T10 level. EGFP+ bone marrow cells were obtained from C57BL/6-
transgenic mouse. Behavioral and sensory testing were recorded at times indicated post-SCI. To evaluate the expression of M1 and
M2 types M/M, immunohistochemistry (CD11b, iNOS, CD206), flow cytometry analysis and western blotting (TNF-a, IFN-y, IL-4)
were performed.

Results: SCl-induced hypersensitivities to mechanical and thermal stimulation relieved in plt mice. CD11b positive cells increased
from 4 days up to more than 14 days post injury in both mice. In the results of immunohistochemistry and flow cytometry analysis,
the phenotype of M/M was M1 type-dominant in both mice at the lesion site and lumbar enlargement. The decrease of M1 type
M/M was seen in plt mice compared with wild type, while the number of M2 type M/M was not different in both mice. The
expression of TNF-a and IFN-y was decreased in plt mice and that of IL-4 was not different in both mice.

Conclusions: CCL21 is reported as chemokine to recruit M1 type M/M and induce allodynia by microglia activation. The suppression
of inflammatory cytokines by decreasing the number of M1 type M/M in the injured site and lumbar enlargement was associated
with reduction in inhibitory scar tissue/cavity formation in the subacute/chronic phase, and the provision of a permissive
environment for reduction of neuropathic pain.
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Surgical navigation technology using a combination of augmented and virtual reality for minimally invasive spine surgery
Gustav Burstrém?, Oscar Persson?, Erik Edstrém?, Adrian EImi Terander?!

IKarolinska Institute, Clinical Neuroscience / Neurosurgery, Stockholm, Sweden

Question: Question: To evaluate whether an augmented reality surgical navigation [ARSN] system with automatic instrument
tracking, yielding feedback of instrument position in relation to deep anatomy, is feasible and accurate for pedicle cannulation.
Methods: Background: Minimally invasive spine surgery [MISS] has the possibility of reducing the length of hospital stays, and
reducing blood loss and infection rates compared to open surgery. However, it limits the view for the surgeon, leading to an
increased use of ionizing radiation during surgery.

Design: Cadaveric animal laboratory study

Methods: A hybrid OR equipped with a robotic C-arm with integrated optical cameras for augmented reality instrument navigation
was used. In two pig cadavers, cone beam computed tomography [CBCT] scans were performed and pedicle screw insertions were
planned. In total, 78 insertions were performed. Technical accuracy was assessed on post-insertion CBCTs by measuring the
distance between the navigated device and the corresponding pre-planned path. Drilling and hammering into the pedicle were also
compared. An independent reviewer assessed a simulated clinical accuracy according to Gertzbein.

Results: Results: The technical accuracy was 1.7 + 1.0 mm at bone entry point (Figure 1). Angular deviation was 1.7 + 1.7° in the
axial and 1.6 + 1.2° in the sagittal plane. There was no difference in accuracy between hammering and drilling. The clinical accuracy
was 97.4-100% depending on the screw size considered for placement. No ionizing radiation was used during navigation.
Conclusions: Discussion: The addition of instrument tracking to ARSN improves feedback on deep anatomical structures and
facilitates accurate navigation, with close to 100% accuracy, while abolishing staff radiation exposure. Further studies will be
needed to confirm our initial results in human subjects.

Figure 1
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Another solution in order to increase accuracy of cervical pedicle screw placement: a new aiming probe for CPS

Kota Suda?, Satoko Matsumoto?, Miki Komatsu?!, Masahiro Ota?, Takeru Tsujimoto?, Mitsuru Asukai?, Yoshihiro Utsunomiya?,
Yasuaki Tojo?, Akio Minami!

1Hokkaido Spinal Cord Injury Center, Bibai, Japan

Question: Cervical pedicle screw (CPS) malposition has high risk of neurovascular injury. In order to increase accuracy, many
systems such as navigation systems using CT or O-arm and template systems have been developed, however, there are limitations
in cost or preparation time. The first author developed a new aiming probe for accurate CPS placement. The purpose of this study is
to estimate the accuracy of CPS placement using this probe and to compare to that of navigation system or template system.
Methods: A patent probe is designed to aim at the safety zone of the pedicle in order to avoid the spinal canal and transverse
foramen. CPSs were inserted into C3, C4, C5, and C6 pedicles using this aiming probe and fluoroscopy. Screw misplacement was
evaluated with postoperative CT and classified as either screw exposure (under 50% of the screw diameter outside of the pedicle)
or pedicle perforation (over 50% of the screw diameter).

Results: From 2015 to 2018, 68 consecutive cervical trauma cases treated with posterior instrumentation using CPS and LMS. There
are 70 male and 8 female, and the average age is 67 years old (from 17 to 90 years). A total of 79 CPSs were inserted into pedicle
safely using this probe. Postoperative CT demonstrated that 3 screws (3.8%) showed "screw exposure" and 0 screws (0%) showed
"pedicle perforation". There was no neurovascular complication in all cases.

Conclusions: The reported CPS malposition rate is from 3.5 to 11.1% in O-arm navigation system studies and from 2.5 to 4.5% in
template system studies. That accuracy is quite high, however, O-arm is extremely expensive and template system need long time.
This probe has an equivalent accuracy to navigation or template systems and advantages of low cost and without loss of time,
which are favorable for emergency surgery such as trauma cases.
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Intramedullary tumors of the cervical spine

J6rg Klekamp?
IChristliches Krankenhaus Quakenbriick, Neurosurgery, Quakenbriick, Germany

Question: Intramedullary tumors are rare benign lesions in the overwhelming majority. Radiation and chemotherapy are of limited
value. Early surgery is considered as treatment of choice. This study provides data on surgical morbidity and long-term results.
Methods: All spinal cord pathologies have been entered into a spinal cord register since 1991. 60 intramedullary tumors of the
cervical cord were operated by the author. Apart from tumor resection rates data on permanent surgical morbidity and
progression-free survival were determined. Clinical data were classified according to McCormick.

Results: There were 31 ependymomas, 11 angioblastomas, 9 astrocytomas, 5 cavernomas, 2 gangiogliomas, 1 dermoid cyst and 1
metastasis. 93% were removed completely while the remainder underwent subtotal resections (4 astrocytomas grades Il or llI).
Permanent morbidity was determined as 9.4%. 96.6% kept their preoperative McCormick grade after rehabilitation, while 3.4% lost
one grade with surgery permanently. 54 patients were able to walk before surgery. Of these, one patient lost his walking capacity
permanently. Among patients undergoing a complete tumor resection no adjuvant therapy was required. Overall, progression-free
survival for 10 years was observed for 80% of all patients. Tumor recurrences were observed after incomplete resections and in
patients with von Hippel Lindau disease (VHL).

Conclusions: Compared to intramedullary tumors of the thoracic spine, cervical intramedullary tumors can be removed completely
with lower morbidity. All histologies except some astrocytomas grades Il or |ll were amenable to complete resection. Therefore,
surgery should be recommended as soon as these tumors become symptomatic.
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Surgical site infection after cervical laminoplasty using hydroxyapatite spacer
Takafumi Inoue !

1Shin-Takeo Hospital, Department of Spine and Spinal Surgery, Takeo city, Saga, Japan

Question: Surgical site infection (SSI) is an important complication in spinal surgery that leads to significant morbidity; however SSI
cases after cervical laminoplasty have been rarely reported. Especially those of including superficial SSI have never been reported.
The object of this study was to analyze the incidence of SSI after cervical laminoplasty.

Methods: We analyzed a consecutive cohort of 453 adult patients who underwent spinous process splitting cervical laminoplasty
using ceramic spacer by a same surgeon from October 2006 to December 2018. Antibiotics (cefazolin, CEZ) administered at
operation day and post-operative day 1.The epidural drainage tube was removed at post-operative day 2. SSI was based on the CDC
criteria and was clinically reviewed. We analyzed age, gender, treated lamina, operation time, the amount of intraoperative
bleeding and post-operative drainage, comorbid disorder, isolated pathogens, reoperation, and hospitalization day. The statistical
analysis was performed with Mann-Whitney U test and chi-square test, and differences with P<0.05 was considered significant.
Results: From a total of 453 patients, 18 developed SSI (4.0%) including 2 deep SSI (0.4%). Pathogens were only isolated in two of
deep SSI (MRSA, Serratia marcescer) and one of superficial SSI (Serratia marcescer). Debridement was required two in both SSI
groups respectively. Removal of the spacer was required only in deep SSI group. The patient age, gender, treated lamina, operation
time, the amount of intraoperative bleeding and postoperative drainage observed for SSI group were not significantly different
from those for non-SSI group. SSI was only associated with prolonged hospitalization.

Conclusions: An infection rate of 4.0% implied that SSI after cervical laminoplasty is not rare. SSI was only associated with
prolonged hospitalization.
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Randomized, placebo-controlled, double-blinded trial of granulocyte colony stimulating factor-mediated neurotection for acute
spinal cord injury

G-SPIRIT Study Group?, Masao Koda**, Masashi Yamazaki®?, Seiji Ohtori'3, Hideki Hanaoka’*

1G-SPIRIT study group, Chiba, Japan

2University of Tsukuba, Department of Orthopedic Surgery, Tsukuba, Japan

3Chiba University Graduate School of Medicine, Department of Orthopedic Surgery, Chiba, Japan

4Chiba University Hospital, Clinical Research Center, Chiba, Japan

Question: Granulocyte Colony Stimulating Factor (G-CSF) is generally used for neutropenia. Our experimental studies revealed that
G-CSF promoted neurological recovery after SCI via various mechanisms. Next we moved to early phase of clinical trials. In a phase
1/2a trial, no adverse events were observed. Next, we conducted a non-randomized, non-blinded, comparative trial, which
suggested the efficacy of G-CSF for promoting neurological recovery. We are now performing a phase 3 trial to confirm G-CSF
treatment efficacy for acute SCI.

Methods: The current trial includes cervical SCI (AIS B/C) within 48 hours after injury. Patients are re-assessed for neurological
status at 48 hours after injury, and those whose palsy is AIS B/C are enrolled. Patients are randomly assigned to G-CSF and placebo
groups. The G-CSF group is administered 400 pug/m2/dx5d of G-CSF in normal saline via intravenous infusion for 5 consecutive days.
The placebo group is similarly administered a placebo. Allocation is concealed between blinded evaluators of efficacy/safety and
those for laboratory data, as G-CSF markedly increases white blood cell counts that can reveal patient treatment. Efficacy and
safety is evaluated by blinded observer.

Our primary endpoint is changes in ASIA motor scores from baseline to 3 months. Each group includes 44 patients (88 total
patients). Our protocol was approved by the Pharmaceuticals and Medical Device Agency and this trial is funded by the Center for
Clinical Trials, Japan Medical Association.

Results: All the patients (total 88 cases) had been enrolled to the current trial. Results of the current trial will be disclosed after the
1-year follow-up of all the patients.

Conclusions: G-CSF is one of possible candidates for novel therapeutic agents for SCI.

Figure 1
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Radiological outcomes following hyperlordotic cage insertion in anterior cervical discectomy and fusion
Dianna Li!, Katherine Poulgrain®, Andrew Kam?

Westmead Hospital, Neurosurgery, Westmead, Australia

Question: Cervical alignment is associated with myelopathy and quality of life. Kyphosis correlates with increased neck pain and
poor post operative neurological outcomes. Anterior cervical discectomy and fusion (ACDF) aims to decompress neural structures
and optimise cervical alignment. This study examines the quantitative impact of the hyperlordotic 15° ACDF cage on cervical
alignment. If post operative radiographical parameters are improved to a greater extent than the standard cage, its wider
utilisation can be statistically justified, and its impact on disability scores further explored.

Methods: A retrospective analysis of radiographical parameters of cervical alignment was conducted in 80 consecutive ACDF
patients from two institutions between 2013 and 2017. 40 received 15° cages, 40 received standard cages. Pre and post-operative
Cobb angles and C2-7 sagittal vertical axis (SVA) were generated from radiographical imaging utilising the Surgimap program.
Changes in lordosis and SVA were compared within and between groups, and the significance of the change evaluated using the
student t-test.

Results: In both groups, post-operative device level, segmental, and global Cobb angles were superior to pre-operative values
(p<0.05), especially among patients with pre-operative kyphosis (p<0.05). Trends suggested greater changes in lordosis in the 15°
group, but they did not reach statistical significance (p=0.06-0.23). However, subgroup analyses indicated greater device level Cobb
angle change in patients less than 65yo (p<0.049), and those with pre-operative lordosis (p<0.003). Neither standard nor
hyperlordotic cages significantly improved SVA in this study.

Conclusions: Hyperlordotic and standard cages both improve cervical lordosis segmentally and globally. Hyperlordotic cages were
not shown to be statistically superior to standard cages in this study. Prospective studies featuring consistent imaging modalities
are necessary to further delineate their utility.
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Is right side anterior cervical approach a risk factor of recurrent nerve injury?: From the point of the frequency of aortic arch
anomaly

Takeshi Aoyama?, Naoshi Obara'

1Teine Keijinkai Hospital, Spine Center, Orthopaedic Surgery, Sapporo, Japan

Question: There is still controversy between right- and left-side anterior cervical approach. Although right-side approach is easier
for right-handed surgeon, it is postulated that right-side approach has higher risk of recurrent laryngeal nerve(RLN) palsy, since the
frequency of non- RLN is higher in right-side. RLN originates from vagus nerve, turns at subclavian artery in right side or aortic arch
in left side, and ascends to larynx. Though in the aberrant origin of right subclavian artery(AORSA), the right-side LN is non-RLN. The
safety of right-side anterior cervical approach is discussed from the point of AORSA.

Methods: Consecutive 534cases" 3D-CT angiography(3D-CTA) of aritic arch were analyzed retrocpectively. The purposes of taking
CTA were dissective aneurysms, vascular disorder in lower extremity, coronary artery, etc. They were 336male and 198female, age
range was 0-92yrs(69.5+12.5yrs). The types of aortic arch were divided using Adachi, Williams and Nakagawa classification.

Results: They were typeA in 447cases(84%), typeB in 70cases(13%), typeC in 11cases(2.1%). These relatively usual types account for
528cases(99%). TypeM, mirror image of typeA, were in 2cases(0.37%). TypeG, the AORSA with both sides carotid artery originates
separately, was in 1case(0.19%). And typeH, the AORSA with bilateral carotid arteries originates as common trunk, were in
3cases(0.56%). In short, AORSA were 4 in 534cases(0.74%).

Conclusions: The frequencies of AORSA and non-RLN are equivalent since the report that all non-RLN accompany AORSA. This study
suggests the frequency of non-RLN is rare as 0.74%. Right-side approach is still attractive method. Although rare, preoperative
diagnosis of AORSA could be beneficial. Chest X-ray is useless, the finding of artery situating posterior to esophagus in CT is
characteristic of AORSA. Though contrast-enhanced CT is excessive, it can be an option to enlarge area to caudal in routine
preoperative CT for cervical surgery.
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Posterior foraminotomy versus anterior decompression and fusion in patients with cervical degenerative disc disease with
radiculopathy — 5-Year outcome from a national spine register

Anna MacDowall*, Robert Heary?, Marek Holy3, Claes Olerud?

1Department of Surgical Sciences, Orthopaedics, Uppsala, Sweden

’Rutgers New Jersey Medical School, Department of Neurological Surgery, Newark, NJ, United States

3Department of Orthopedics, rebro University Hospital, Rebro, Sweden

Question: The long-term efficacy of posterior foraminotomy compared with anterior cervical decompression and fusion (ACDF) for
the treatment of degenerative disc disease with radiculopathy has not been previously investigated in a population-based setting.
Methods: All patients in a national register from January 1, 2006 until November 15,2017, with cervical degenerative disc disease
and radiculopathy, were assessed. Using propensity score matching, patients treated with posterior foraminotomy were compared
with those undergoing ACDF. The primary outcome measure was the Neck Disability Index (NDI) with a minimal clinically important
difference defined as >15%. Secondary outcomes were assessed with additional patient reported outcomes measures (PROMs).
Results: A total of 4,368 patients (2,136/2,232 women/men) met the inclusion criteria. Posterior foraminotomy was performed in
647 patients and 3,721 patients underwent ACDF. After meticulous propensity score matching, 567 patients with a mean age of 54
years remained in each group. Both groups had substantial decreases in their NDI scores; however, after 5 years, there was not a
significant difference (2.4%; 95% Cl, -4.3 to 9.0; P=0.48) between the groups. There were no significant differences between the
groups in EQ-5D or numeric rating scale (NRS) for neck and arm pain.

Conclusions: In patients with cervical degenerative disc disease and radiculopathy, both groups demonstrated clinical
improvements, at 5-year follow-up, which were comparable and did not achieve a clinically important difference from one another.
This study design obtains population-based results, which are generalizable.

Figure 1
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Disc height narrowing does not affect the intervertebral stability in cervical spondylolisthesis: Analysis of CT and X-rays of 101
spondylolisthesis patients

Ryoma Aoyama?, Tateru Shiraishi!, Ken Ninomiya?!, Satoshi Nori%, Junichi Yamane?, Kazuya Kitamura3, Satoshi Suzuki*

1Tokyo Dental College Ichikawa General Hospital, Department of orthopaedic surgery, Ichikawa-shi, Chiba, Japan

’Murayama medical center, Musashimurayama, Japan

3Saiseikai Yokohamashi Tobu Hospital, Yokohama, Japan

“Keio University, Department of Orthopaedics, Tokyo, Japan

Question: The concept of degenerative cascade in lumbar spondylolisthesis was broadly recognized, and vertebral body is thought
to be stabilized by disc height narrowing. However, degenerative cascade in cervical spondylolisthesis is not fully understood. The
purpose of this study is to examine whether the cervical disc height narrowing causes the stability of the intervertebral space in
cervical spondylolisthesis.

Methods: This study was conducted to analyze cervical X-rays and CT-mylography of 731 patients with cervical spine disorders
between 2008 and 2013. We defined cervical spondylolisthesis as antero-posterior vertebral slipping of more than 2mm identified
on lateral X-rays in neutral position or sagittal CT. On lateral X-rays, considered parameters were neck alignment, C2-7 angle, range
of flexion-extension neck motions (ROM), C2-7 sagittal vertical axis (SVA) and change of translation in flexion-extension from
neutral position. Anterior translation was defined to be plus value in anterior spondylolisthesis, while posterior translation was
defined plus value in posterior spondylolisthesis. On sagittal CT, we classified disc height at slipped level into 5 grades. High disc
height grade indicates more narrowed disc height.

Results: Anterior and posterior spondylolisthesis was detected in 81 disc levels and 43 disc levels respectively. The change of
translation in flexion-extension examined according to the disc height grade, and results are on figure 1. The change of translation
was not statistically different among groups of 5 disc height grades. There was no statistical significant difference in neck
alignment, C2-7 angle, ROM, C2-7 SVA and mean age among groups of 5 disc height grades.

Conclusions: From the results of this study, disc height narrowing did not affect the change of translation in flexion and extension
at slipped level. Disc height narrowing was difficult to contribute the stability in cervical spondylolisthesis.

Figure 1
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Morphological changes in the intervertebral disc post trauma: any impact of preexisting segment degeneration?
Ingrid Sitte!, Miranda Klosterhuber?, Richard Andreas Lindtner’, Sabrina Barbara Neururer?, Anton Kathrein3
Medical Univertsity of Innsbruck, Traumatology and Sports Medicine, Innsbruck, Austria

’Medical University of Innsbruck, Medical Statistics, Informatics and Helath Economics, Innsbruck, Austria
3Sankt Vinzenz Krankenhaus Zams, Traumatology and Sports Medicine, Zams, Austria

Question: In the first 24 hours post intervertebral disc (IVD) trauma, up to 75% cell death has been reported. The aim of the study
was to assess histological changes and cell-death over a time period of up to one year after trauma, with particular regard to the
impact of preexisting degeneration grades.

Methods: 111 anterior portions of IVDs of the cervical spine were studied histologically by light microscopy and ultrastructurally by
transmission electron microscopy (TEM). The group was investigated with regard to two parameters: fracture mechanism
(compression vs. rotation fractures) and degeneration grade (low vs. high). Disc architecture (e.g. ruptures) was studied
histologically. Cell morphology was examined ultrastructurally to quantify cell-death, healthy and balloon cells. According to
ultrastructural observations, two time-groups (up to 6 days vs. later) were established. Statistical analyses (SPSS) were carried out
within the time-groups.

Results: Histological changes were obvious in the annulus fibrosus where ruptures with haematoma were replaced by granulation
tissue. Significantly higher cell numbers per mm? were found in highly degenerated segments after compression fractures (time
group 2) than in all other investigated groups. Necrotic cell death was obvious with significant differences in time group 1 (acute
trauma) comparing both degeneration groups according to compression and rotation fractures. Apoptosis was significant higher in
low degenerated segments after compression fractures. No difference was found between groups after the sixth day (time group
2). Cell-death (mean 44% for all groups) remained high after day 6 post-trauma.

Conclusions: Interestingly, alterations post trauma of the different cell morphologies according to low and high degenerated discs
were only present in the early phase after trauma (up to 6 days), but not later on.

Figure 1
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Figure 3

Statistical analysis undertaken in the different time groups
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Adjacent segment pathology after cervical laminoplasty

Shino Mori?, Ko Ikuta?, Takaomi Kobayashi!, Ryohei Yano?, Kensuke Hotta?, Keigo Masuda?, Takahiro Kitamura?, Hideyuki Senba?,
Satoshi Shidahara?

IKaratsu Red Cross Hospital, Karatsu-city, Saga, Japan

Question: In cervical spine surgery, it is generally supposed that adjacent segment pathology (ASP) is an important problem
associated with fusion surgery. In contrast, there is a consensus that cervical laminoplasty (CLP) is a motion preservation surgery.
Consequently, there had been only a few case reports of ASP after CLP. The aim of this study was to evaluate the prevalence and
clinical features of ASP after CLP.

Methods: Seventy-four patients of cervical myelopathy, who underwent CLP and could be followed for minimum 2 years after
surgery, were retrospectively reviewed. The ASP was assessed using a radiographical grading system described by Hilibrand et al.
We evaluated radiological findings on standing lateral radiographs and MRI. The postoperative follow-up duration was mean 4.3
years. We conducted a comparative study between patient group with ASP (group-A) and that without ASP (group-C) to evaluate
clinical features of ASP after CLP.

Results: The ASP was found in 7 patients (9.5%); 1 patient within 2 years after surgery and 6 patients at over 4 years after surgery.
The ASP developed at proximal segment (Oc-C2) in 3 patients and at distal adjacent segment in 6 patients. There were no
significant differences between two groups on preoperative demographic details and radiological findings. A significant decrease of
cervical ROM with unexpected postoperative interlaminar bony fusions was observed in group-A, postoperatively. In patients with
proximal ASP, the C2-7 lordosis decreased and Oc-C2 lordosis increased with significant differences after CLP.

Conclusions: The ASP after CLP might occur more frequently than previously thought. Patients with unexpected interlaminar bony
fusions and decrease of cervical ROM after CLP have a higher risk of ASP. The proximal ASP (Oc-C2 level) was connected with
increase of Oc-C2 lordosis after surgery, which resulted from compensation for postoperative loss of lordosis at the C2-7.
Meanwhile, the relevant factors of distal ASP could not be found in this study.
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The spinal cord "back shift" concept in posterior decompression and stabilization in lordosis for cervicalspondylotic myelopathy:
favorable clinical outcomes

Vincenzo Denaro?, Gianluca Vadald?, Alberto Corrado Di Martino?, Rocco Papalia®

LCampus Bio-Medico University of Rome, Department of Orthopaedic Surgery, Rome, Italy

Question: Surgical management of patients with multilevelcervicalspondylotic myelopathy (CSM) aims to decompress the spinal
cord and restore the normal sagittal alignment. The literature lacks of high level evidences about the best surgical approach. The
purpose of this study was to investigate the efficacy of posterior decompression and stabilization in lordosis for multilevel CSM.
Methods: 36 out of 40 patients were clinically assessed at a mean follow-up of 5, 7 years. Outcome measures included EMS, mJOA
Score, NDI and SF-12. Patients were asked whether surgery met their expectations and if they would undergo the same surgery
again. Bone graft fusion, instrumental failure and cervical curvature were evaluated. Spinal cord back shift was measured and
correlation with EMS and mJOA score recovery rate was analyzed.

Results: All scores showed a significative improvement (p < 0.001), except the SF12-MCS (p > 0.05). Ninety percent of patients
would undergo the same surgery again. There was no deterioration of the cervical alignment, posterior grafted bones had
completely fused and there were no instrument failures. The mean spinal cord back shift was 3.9 mm (range 2.5-4.5 mm). EMS and
mJOA recovery rates were significantly correlated with the postoperative posterior cord migration (P < 0.05).

Conclusions: Posterior decompression and stabilization in lordosis is a valuable procedure for patients affected by multilevel CSM,
leading to significant clinical improvement thanks to the spinal cord back shift. Postoperative lordotic alignment of the cervical
spine is a key factor for successful treatment.

Figure 1
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Clinical feature of the revision cases due to symptomatic adjacent segment degeneration after the anterior cervical decompression
and fusion surgery

Atsuomi Aiba?', Macondo Mochizuki?, Ryo Kadota?, Takeo Furuya?, Masao Koda?

INumazu City Hospital, Orthopedic Surgery, Numazu, Shizuoka, Japan

2Chiba university, Orthopedic Surgery, Chiba, Japan

3Tsukuba University, Orthopedic Surgery, Tsukuba, Japan

Question: We have indicated anterior decompression and fusion surgery for every degenerative cervical spine, usually with
myelopathy. Re-worsening due to adjacent segment degeneration/ASD is advocated often as negative side of the anterior cervical
fusion surgery. To prevent recurrence due to ASD, we have preferred to indicate multilevel fusion surgery for younger patients with
developmental narrow spinal canal, which is not rare in Japanese population. Purpose of this study is to clarify the incidences of
revision surgeries due to symptomatic ASD and to examine the validity of our indication of the first surgery.

Methods: Subjects include 248 patients(177male/71female, avg.62.7yo), who underwent anterior decompression and fusion
surgery for cervical degenerative disease including 56 OPLL cases in 2007-11. Average fusion segments are 2.0. Average F/U period
is 5.4 years. We assessed incidences of revision surgeries due to symptomatic ASD, duration between two surgeries and etiology up
to each revision surgery.

Results: In the 248 cases, 11 cases have experienced revision surgeries for symptomatic ASD. Duration between 1st and 2nd
surgery is 33-120(avg.68) months. Symptomatic segment is C7/T1 in 4 cases, C5/6 in 3 cases, C4/5 in 2 cases and 2 others. Etiology
up to the revision surgeries includes CSM/4 cases, C8 root/4 cases and 3 others. For revision surgery, anterior surgery had indicated
again except for an OYL case. (table 1)

Conclusions: Incidence of revision surgeries for symptomatic ASD was 4.4%(11/248) in avg. 5.6 years F/U. This frequency, relatively
lower than reported literally, represents validity of indication on the 1st surgery, which avoids short fusion for younger
developmental narrow canal cases. However, C8 palsy due to C7/T1 ASD recognized considerably in younger patients after
multilevel surgery, which should be newly taken account when choosing multilevel surgery for younger cervical spine.

Figure 1
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43 M OPLL,S-7 33 7/ cs 7-1 ant.
44 M CSM/CP3-6 71 7/ cs 7-1 ant.
45 M CSM, 3-6 72 7/ cs 7-1 ant.
48 M CSM, 3-7 69 71 (& 7-1 ant.
| CSM, 4-5 46 506 csM 3-6 ant.
59 M CSM, 3-4 85 445 csM 4-6 ant.
61 M CSM, 3-5 52 5/6 CsM 5.6 ant.
67 M CSM, 3-6 89 67 CSA 6-1 ant.
71 F CSM, 3-4 120 213 CDH 2-5 ant.
79 F CSM, 3-5 72 506 CYL 5-7 post.
81 F CSM, 3-4 44 4/3 CSM 4-6 ant.
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A dynamic multi-segmental finite element model of rear-impact cervical whiplash: Role of spine morphological variations and head
inertial properties on segmental rotations

Jamie Baisden?, Jobin Daniels?, Narayan Yoganandan?, Gurunarhan Kumar?

IMedical College of Wisconsin, Neurosurgery, Milwaukee, WI, United States

2Indian Institute of Technology, Dept of Engineering Design, Madras, India

Question: To investigate the role of variations in spine morphology and head inertia properties on cervical spine segmental rotation
in rear-impact whiplash loading.

Methods: A multi-segmental (C2-C7) cervical spine finite element model, with its morphology parametrized using mesh morphing,
was used to study the influence of disc height, anteroposterior vertebral depth, and segmental size, as well as variations in head
mass, moment of inertia, and center of mass locations. The influence of these variations on the characteristic S-curve formation in
whiplash response was evaluated using the peak C2-C3 flexion marking the maximum S-curve formation and time taken for the
formation of maximum S-curve.

Results: The peak C2-C3 flexion in the S-curve formation was most influenced by disc height and vertebral depth, followed by
anteroposterior head center of mass location. The time to maximum S-curve was most influenced by the anteroposterior location
of head center of mass and segmental size.

Conclusions: The role of gender-dependent vertebral depth and segmental size may explain the pronounced S-curve formation for
females reported in both post-mortem human subjects and volunteer experiments in whiplash type mechanisms of injury; and
hence, may help explain why women are clinically more predisposed to whiplash injury than men.
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Comparison of surgical results of C-arm versus O-arm in C1-2 transarticular screw fixation
Keiji Wada?, Ryo Tamaki', Osamu Satoh?, Ken Okazaki'

1Tokyo Women's Medical University, Orthopaedics, Tokyo, Japan

Question: C1-2 transarticular screw (TAS) is technically demanding. Traditionally, C-arm has been used to place TAS. O-arm based
navigation system (O-arm) has been implemented to help some of the technical difficulties of screw placement in the upper
cervical spine. The purpose of this study is to compare the surgical outcomes of TAS using C-arm and O-arm.

Methods: The present study was conducted in 71 patients who underwent TAS in our hospital between 2006 and 2018. The mean
age at surgery was 61 years. Fifty three patients underwent surgery with C-arm  (C-group) and 18 patients with O-arm (O-
group). Additional surgery, such as C3-7 laminoplasty (LP), was performed in 8 patients in C-group and 3 patients in O-group. Total
of 91 TAS were inserted: 62 in C-group and 29 in O-group. Unilateral and bilateral TAS was performed in 51 and 20 patients,
respectively. Operative time, intraoperative bleeding, accuracy of screws, perioperative complications and bone union were
evaluated. Screw accuracy was assessed using Neo classification: grade (G) 0: no perforation, G1: perforation4mm.

Results: The mean operative time was 183 (105—-349) min in C-group and 207(116-266) min in O-group. The mean blood loss was
132 (20-382) g in C-group and 360 (20-2684) g in O-group. The operative time without additional surgery was 170 (105-249) min in
C-group and 179 (116-266) min in O-group. The mean blood loss without additional surgery was 132(20-382) g in C-group and 163
(20-480) g in O-group. The accuracy of TAS was G0:44, G1:17, G2:3, G3:3 in C-group, and that was G0:28, G1:1 in O-group. Bone
union was completed 100% (20/20pts) with bilateral TAS, though 78.7% (37/47pts) with unilateral TAS. Deep wound infection was
observed in a case in C-group.

Conclusions: O-arm dramatically improved accuracy of TAS. Bone union rate was 100% with bilateral TAS. Therefore, TAS should be
performed with bilateral TAS if O-arm is available.
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Time course of respiratory dysfunction in the cervical spinal cord injury without bony injury: respiratory function restore around 12
weeks after injury

Chikara Ushiku?, Kota Suda?, Satoko Harmon, Matsumoto?, Miki Komatsu?!, Masahiko Takahata?, Norimasa lwasakiZ, Akio Minami?
1Hokkaido Spinal Cord Injury Center, Orthopaedic Surgery, Bibai, Japan

2Hokkaido University Graduate School of Medicine,, Orthopaedic Surgery, Sapporo, Japan

Question: Cervical spinal cord injury without bony injury (SCIWOBI) is a common cervical injury in the elderly population, and is
most likely to occur at the C3/4 level. Respiratory dysfunction (RD) related to damage of the spinal respiratory center, which is close
to the C4 segment, is one of the greatest challenges to improving activities of daily life in cases of severe paralysis. We evaluated
the time course of RD and motor function in cervical SCIWOBI with a view to selecting effective medical strategies.

Methods: We followed 54 patients (49 men, 5 women; mean age 65 years) who were treated for SCIWOBI at our medical center
from 2011 to 2014, were evaluated within 72 hours of injury, and were followed at least 12 weeks. Whether treated conservatively
or surgically, all patients began respiratory-muscle training the day after admission. The percent vital capacity (%VC), forced
expiratory volume in one-second/forced vital-capacity ratio (FEV 1.0%), and American Spinal Injury Association motor score (MS)
were recorded at admission and again at weeks 4 and 12. We calculated the %VC rate of change and the MS improvement rate
over the entire period.

Results: Fifty patients (92.6%) had restrictive ventilatory impairment at admission. The %VC correlated with the upper- and lower-
limb MS at admission, and the %VC and upper- and lower-limb MS had improved at weeks 4 and 12 after injury. The %VC rate of
change was significantly correlated with the rate of improvement in lower-limb MS throughout the entire period.

Conclusions: Lung capacity decreased in SCIWOBI due to respiratory-muscle paralysis and on the same level with upper- and lower-
limb motor paralysis. Lung capacity improved as the lower limbs recovered motor function. Respiratory rehabilitation should be
continued for at least 12 weeks after SCIWOBI.
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Relationship between the timing of reduction for cervical spine dislocations and neurological recovery
Hisakazu Shitozawa?, Yasuo Ito?, Takeshi Kikuchi®

1Kobe Red Cross Hospital, Orthopedics, Kobe, Japan

Question: Although many studies have reported that it is desirable to perform reductions for cervical spine dislocation injuries as
early as possible, the ideal timing remains unclear. The purpose of this study was to clarify the relationships between the interval
from injury to reduction (referred to as "reduction time") and the neurological prognosis.

Methods: A total of 206 patients with cervical spinal cord injury were treated at our hospital from 2007 to 2018. In those patients,
there were 54 cases with distractive flexion dislocation according to the Allen classification (42males, 12 females; average age, 60.0
years). Their ASIA Impairment scale (AIS) grade at the arrival at the hospital ranged from A to D. We evaluated the reduction time
and the transition of paralysis after one month from the injury.

Results: The distribution of AIS grade at the time of injury was as follows: A, 24 cases; B, 13 cases; C, 8 cases; and D, 9 cases. The
mean reduction time was 7.0 hours (range, 2.0 hours to 21 days). Twenty one cases (38.9%) were performed reduction within the
determined cut-off value of 6 hours, which included 9 grade A, 4 grade B, 4 grade C and 4 grade D. Among these 21 patients, all 12
patients with initial AIS B, C and D improved significantly by one or more AIS grade. On the other hand, in 18 AIS B, C and D patients
whose reduction time was over 6 hours, only 9 patients (50.0%) showed improvement by one or more AlS grade.

Conclusions: In our case series, patients with AIS grade B, C and D showed neurological improvement in case the reduction time
was less than 6 hours. These results indicate an aiming reduction time and transportation time for the acute treatment. We should
make an effort to shorten the reduction time by transferring the patients to a hospital that can perform reduction and diagnose the
dislocation injury as soon as possible.
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Clinical outcomes of acute cervical spinal cord injury depending on the timing of surgery

Tae Young Kwon?, Kyung Jin Song?, Jong Hyun Ko?, Hyung Jik Kim?

1Chonbuk National University Hospital, Chonbuk National University, Department of Orthopedic Surgery, Jeonju-si, Jeollabuk-do,
South Korea

Question: There have been lots of prior studies that show optimal surgical time for acute SCI. Most studies reported that early
surgery had better results than late surgery. However, the timing of surgery remains controversial. We tried to evaluate the clinical
outcomes of acute cervical spinal cord injury (SCI) depending on the timing of surgery.

Methods: We analyzed patients whose surgery was performed for acute cervical spinal cord injury from 2007 to 2017. We analyzed
change in AIS(ASIA Impairment Scale) and ASIA motor subscore depending on the timing of surgery and analyzed the relation of
clinical outcomes and age, gender, neurologic level of injury and type of spinal cord syndrome by multivariate analysis. Secondary
outcomes were analyzed with complication and mortality.

Results: A total of 154 patients with acute cervical SCI were enrolled. Of these, 49 patients (group A) underwent early surgery
(<24hr), 54 patients (group B) underwent intermediate surgery (24~72hr) and 48 patients (group C) underwent delayed surgery
(=72hr). AIS improvement was shown as 44.8% in group A, 31% and 24.1 % in group B and C respectively (A vs B&C; p=0.041). In the
multivariate analysis, with steroid administration, the rate of AIS improvement were 33% in early surgery group and 16% in the
other group
(odds ratio=2.6, p=0.061). Age, gender, and NLI had no relation with AlS statistically. Mortality during hospitalized period was 2 in
group A and 1 in group B. The complication rate was 34.6% in group A, 28.5 and 24.4 % in group B and C respectively.

Conclusions: Surgery prior to 24 hours after acute cervical SCI could improve clinical outcome.
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The effect of rod pattern and multiple screw-rod constructs for surgical stabilization of the 3-column destabilized cervical spine —
Presentation of biomechanical analysis and clinical rationale

Sebastian Hartmann?, Claudius Thomé?, Werner Schmélz?, Raphael Gmeiner?, Anto Abramovic?, Anja Tschugg?, Heiko Koller®
IMedical University, Neurosurgery, Innsbruck, Austria

’Medical University, Trauma surgery, Innsbruck, Austria

Question: Supplemental posterior cervical instrumentation can improve construct stability after corpectomy procedures (CE),
particularly in the 3-column deficient spine. Among standard screw-rod instrumentation using CoCr-rods, advanced constructs
including the use of outrigger rods (OGR) and 6-screws/3-rods constructs (6S3R) with additional lamina screws are available (Fig.1).
The biomechanical characteristics of each construct are yet to be compared.

Methods: Based on reconstructed human CT-scans, 3-coulmn deficient PVC cervical models were created. The CE-level distances
were calculated and reconstructed using titanium mesh cages. Biomechanical testing was performed with the use of different rod
materials (Ti vs. CoCr), different rod diameters (3.5 vs. 4.0mm), + constrained anterior plating, + cross-links, and the use of different
construct pattern. All motion tests were performed in a customized 6-degree of freedom spine tester (2Nm). Stability was
expressed in ROM changes (°).

Results: A total of 432 tests were performed. The largest reduction of ROM was noticed for the 6S3R-group, while the addition of
an outrigger rod caused moderate advantage (Fig.2). For all simulated 1-, 2- and 3-level CE constructs, the use of CoCr rods initiated
a substantial ROM reduction in all planes. The use of 1 cross-link lowered ROM mainly in AR. In the OGR-group, a decreased ROM
was recorded for all motion directions compared to the Standard-Group. Differences observed were increased with the number of
CE-levels resected and without anterior plating.

Conclusions: A PVC model allow us to benchmark the mechanical effect of different screw-rod construct pattern of the 3-column
destabilized spine. The 6S3R-group outperformed all other constructs and might resemble the standard of reference for advanced
posterior fixation of 3-column destabilized cervical spine, particularly in multilevel CE. The use of CoCr-rods improves construct
endurance in patients with posterior-only instrumentation without anterior plating.

Figure 1 Figure 2
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Type Il odontoid fracture in elderly patients treated conservatively: is bony union the goal?

Giorgio Lofrese?, Federico De lure?, Antonio Musio?, Francesco Cultrera?, Roberto Donatil, Antonio Martucci?, Pasquale De Bonis?
IM.Bufalini Hospital, Neurosurgery, Cesena, Italy

’Maggiore “C.A. Pizzardi” Hospital, Spine Surgery, Bologna, Italy

3University Hospital S.Anna, Neurosurgery, Ferrara, Italy

Question: Independently from radiological outcome, hard collar immobilization represent a safe and effective treatment choice
when facing type |l geriatric odontoid fractures

Methods: 50 geriatric patients with type Il odontoid fractures were treated with Aspen/Vista collars. On admission, each patient
was assessed assigning ASA score, modified Rankin scale (mRS-pre) and Charlson Comorbidity Index (CCl). 12-15 months after
treatment, functional evaluations were performed employing a second modified Rankin scale (mRS-post) together with Neck
Disability Index (NDI) and Smiley Webster Pain Scale (SWPS). Radiological outcome was evaluated through dynamic cervical spine x-
rays at 3 months and cervical spine CT scans 6 months after treatment. Three different conditions were identified: stable union,
stable nonunion, unstable nonunion. Surgery was preferred whenever a fracture gap >2 mm, an antero-posterior displacement >5
mm, an odontoid angulation >11° or neurological deficits occurred.

Results: Among the 50 patients, 24 reached a stable union while 26 a stable nonunion. Comparing the two groups, no differences
of ASA (p=0.60), CCl (p=0.85) and mRS-pre (p=0.14) were noted. Similarly, no differences of mRS-post (p=0.96), SWPS (p=0.85) and
NDI (p=0.51) were observed between patients who reached an osseous fusion and those with a stable fibrous non-union. No
effects of age, sex, ASA, mRS-pre, fracture dislocation and radiological outcome were discovered on functional outcome. At logistic
regression analysis, female sex and high values of CCl emerged associated with worse NDI.

Conclusions: In geriatric type Il odontoid fractures pre-injury clinical status and comorbidities overcome imaging in determining
post-treatment level of function. Hard collar immobilization led to a favourable functional outcome whatever a bony union or a
fibrous nonunion was obtained.

Figure 1

Figure. Dynamic cervical spine x-rays
(fiexion, A; extension,B) at 3 months and
dynamic cervical spine CT-scan (flexion,
C; extension, D) settling any doubts on
evolutionary instability 6 months after
injury.
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Crowned dens: normal finding in old people, radiological degenerative sign or clinical syndrome? Reflection on four cases and a
prevalence study on 843 patients

Carlos Villas?, Mariana Elorz?, Matias Alfonso?, Rafael Liombart?, Jesus Payo-Ollero?, Jorge Gdmez?!, Alvaro Suarez?, Jesus Ddmaso
Aquerreta?

IClinica Universidad de Navarra, Orthopaedic Surgery and Traumatology Department, Pamplona, Spain

2Clinica Universidad de Navarra, Radiology Division, Pamplona, Spain

Question: Knowledge about the so-called crowned dens syndrome (CDS) is reduced to the seldom published reports on one or a
few cases. These authors state that this entity would not be a very rare condition but mentions some doubts on the possibility of
being also an eventual radiological finding. The propose of this study was to search a possible distinction of ossifications around the
apex of the odontoid process as early as degeneration signs, normal findings in old people and the so-called CDS (Figure 1).
Methods: For this preliminary study, we reviewed retrospectively 843 consecutive CT studies of the upper cervical spine. Four out
of these studies were indicated by CDS suspicion, 18 in patients with sub-axial neck pain, 43 in general medical checking in patients
with no cervical pain, 144 in studies of the facial bones, 292 in studies of neck structures and cavum and 348 in studies of the brain.
Data about age, sex, nuchal pain and fever were taken on every patient as well as the presence of lumpy (Figure 2) or lineal (Figure
3) calcifications in the CT, associated or not to degenerative signs at disc spaces or zygapophyseal joints (Figure 4).

Results: Twenty seven (3,2%) out of the 843 CT scan studies disclose some kind of calcification around the odontoid process. The
average age was 80.4 (57 to 98); 59% were men and 41% were women. No patient had fever and only the four under suspicion of
having a CDS, complained of suboccipital pain. Two of these patients were finally diagnosed of CDS and 2 had degenerative signs -
simple arthritis- at C1C2 level. Only two 2 of the 27 patients had chondrocalcinosis in the extremities.

Conclusions: The so-called CDS has to be better defined. Nuchal pain may be caused by C1C2 arthritis and similar images may be
found in asymptomatic people over fifty years. This study is the largest study conducted on the prevalence of periodontoid
calcifications and will continue in order to better define the options for diagnosis in case of facing patients with suboccipital pain.

Figure 1 Figure 3

Figure 4
Figure 2
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The role of non-rigid cervical collar in pain relief and functional restoration after whiplash injury: a systematic review and pooled
analysis of randomized controlled trials

Luca Ricciardi'?, Vito Stifano?, Filippo Maria Polli!, Luca Proietti?, Andrea Perna3, Alessandro Olivi?, Francesco Ciro Tamburrelli 3,
Carmelo Lucio Sturiale!

LFondazione Policlinico Universitario A. Gemelli IRCCS, Istituto di Neurochirurgia, Rome, Italy

2Mayo Clinic, Department of neurosurgery, Jacksonville, FL, United States

3Ucsc- A. Gemelli University Hospital Foundation, Division of vertebral surgery, Roma, Italy

Question: Whiplash injury (WI) represents a common diagnosis at every emergency department. Several investigations have been
conducted to compare the different medical management for non-surgical cases. Although active-mobilization (PhT) protocols have
demonstrated good clinical outcomes, patients' compliance and PhT service availability are needed. Furthermore, the role of a non-
rigid cervical collar (nRCC) for pain management and range of motion (RoM) preservation has not been completely clarified.
Accordingly, we designed this systematic review and pooled analysis of randomized control trials to investigate any role of nRCC
when PhT protocols are not pursuable.

Methods: We performed a systematic review of the randomized control trials (RTCs), according to PRISMA guidelines, and a pooled
analysis in order to investigate the role of the nRCC for pain management, scored through the visual analogue scale (VAS) and the
RoM, by comparing the use of a nRCC versus a non-immobilization protocols, regardless the association with physical therapy
(PhT). Due to a certain heterogeneity across the RTCs, follow-up times time-range re-setting was necessary in order to pool the
data.

Results: A total of 141 papers were reviewed, 6 of them matched the inclusion criteria and were admitted to the final study.
Pooled-analysis showed that nRCC does not improve the outcome in term of VAS score and RoM trends along the follow-up.
Moreover, VAS and RoM trends seem to further improve at long-term follow-up in non-immobilization associated with PhT group.
Conclusions: This pooled analysis of the available RTCs shows the absence of an advantage using nRCC after a WI. On the contrary,
non-immobilization protocols show an overall better trend of pain relief and neck mobility recovery, regardless their association
with PhT. Thus, nRCC prescription should be always avoided in WI management.

029

The Odom's criteria validated at last: a clinimetric evaluation in cervical spine surgery.

Anne Broekema®, Rob Molenberg?, Jos Kuijlen?, Rob Groen?, Michiel Reneman?, Remko Soer*
1University Medical Center Groningen, Neurosurgery, Groningen, Netherlands

Question: The Odom's criteria are, since 1958, a widely used 4-point rating scale for assessing the clinical outcome after cervical
spine surgery. Surprisingly, the Odom's criteria have never been validated.

Research question: The aim of this study was to investigate the reliability and validity of the Odom's criteria for the evaluation of
surgical procedures of the cervical spine.

Methods: Methods: Patients with degenerative cervical spine disease were included. Reliability was assessed with inter-rater and
test-retest design using a quadratic weighted Kappa coefficient. Construct validity was assessed by means of hypothesis testing
with related constructs. To evaluate if the Odom's criteria could act as a global perceived effect (GPE) scale, we assessed concurrent
validity by comparing the areas under the curves (AUCs) of the receiver operating characteristic curves (ROCs) with the set of
questionnaires.

Results: A total of 110 patients were included in the study. Overall inter-rater reliability was k=0.77 and the test-retest reliability
k=0.93. Inter-rater reliability for the radiculopathy patients was k=0.81 and for myelopathy patients k=0.68. More than 75% of the
hypotheses were met. The AUCs showed similar characteristics between the Odom's criteria and GPE.

Conclusions: The Odom's criteria meet the predefined criteria for reliability and validity. Therefore, the Odom's criteria may be
used to measure surgical outcome after a cervical spine procedure, specifically for patients presenting with radicular symptoms.
Results of previous studies that have been deemed less trustworthy, because of the use of the Odom's criteria, should be
reconsidered.
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Combination of 10-s Grip and Release test and 10-s Step test can distinguish thoracic myelopathy from cervical myelopathy
Yasutsugu Yukawa?, Hiroshi Hashizume?, Akihito Minamide?, Hiroshi Iwasaki', Shunji Tsutsui, Masanari Takami?, Motohiro Okada?,
Hiroshi Yamada®

Wakayama Medical University, Orthopaedic surgery, Wakayama, Japan

Question: Thoracic myelopathy is a relatively rare disease and occasionally difficult to diagnose. In the diagnosis of thoracic
myelopathy, nor objective or quantitative evaluation method was reported. The ten-second step test (Step test) measures how
many times a foot stepping can be performed in 10 seconds to raise each thigh alternately parallel to the floor at the same place.
This test can evaluate the motor function of the trunk and lower extremities quantitatively. Also the ten-second grip and release
test (G&R test) was considered to examine the motor function of the upper extremities objectively. We investigated whether
combination of Step test and G&R test can distinguish thoracic myelopathy from cervical myelopathy.

Methods: Thirty three thoracic myelopathy (TM) patients and 123 cervical myelopathy (CM) patients, who were diagnosed by
clinical symptoms and MR images without other level stenosis, were enrolled. Those cases with neuromuscular diseases of other
parts such as lumbar spinal canal stenosis and cases of joint diseases in which it is difficult to appropriately implement Step test are
excluded. The test was conducted preoperatively and lyear after surgery

Results: Their mean age (TM / CM) was 61.8 + 14.3 / 63.3 + 12.1. They included 19 males / 14 females in TM group, and 74 / 49 in
CM group. The Step test (TM / CM) was 9.0 £+ 6.2 / 10.4 + 5.9 preoperatively and improved to 14.0 + 5.2 / 140 + 54
postoperatively. The G&R test (TM / CM) was 20.3 + 4.8 / 16.3 £ 6.1 before surgery and 21.5 + 4.0 / 19.3 + 4.9 after surgery. The
average number of Step test and G&R test in 1230 healthy subjects were 19.7 + 3.4 and 21.5+5 5.

Conclusions: Both TM and CM patients showed marked decrease preoperatively and postoperative increase in Step test. However
CM patients alone demonstrated significant decrease of G&R test before surgery and prominent increase after surgery. The
combination of Step test and G&R test are useful to diagnose thoracic myelopathy and cervical myelopathy.

Figure 1

Step test G&R test
Cervical myelopathy 9.0+6.2 16.3 £6.1
Thracic myelopathy 104 +359 20.3+4.38

Healthy subjects 19.7+34 21555
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Blood-spinal cord barrier disruption in patients with degenerative cervical myelopathy

Christian Blume?, Matthias Geiger?, Marguerite Mueller?, Lars Ove Brandenburg?, Hans Clusmann?, Christian Andreas Miiller!
IRWTH University Aachen, Department of Neurosurgery, Aachen, Germany

2RWTH University Aachen, Department of Neuroradiology, Aachen, Germany

3RWTH University Aachen, Institute of Anatomy and Cell Biology, Aachen, Germany

Question: Disruption of the blood spinal cord barrier (BSCB) is associated with several acute and neurodegenerative diseases
causing secondary injuries to the spinal cord. Aim of this study is to prove the presence of BSCB disruption in patients with
degenerative cervical myelopathy (DCM) and give a possible explanation for the onset of secondary injuries.

Methods: Twenty-one patients (mean age 63.3 + 11.6 years) with DCM were prospectively included. All patients had an indication
for neurosurgical decompression. As controls 33 patients (mean age 62.3 + 15.2 years) with abdominal aortic aneurysm (AAA) and
indication for surgery were included. These Patients (AAA) routinely received CSF drainage prior surgery for intraoperative
intrathecal pressure monitoring. Samples of CSF and blood serum were taken simultaneously from each participant. All participants
underwent neurological examination including mJOA and NDI. Regarding BSCB disruption and intrathecal immunoglobulin (Ig)
concentrations the samples were examined for Aloumin (mg/dl), I1gG (mg/dl), IgA (mg/dl) and IgM (mg/dl). Quotients (CSF/serum)
were standardized calculated according to the Reiber diagnostic: QlgG (n x 10-3), QIgA (n x 10-3), QlgM (n x 10-3) and QAIlb (n x 10-
3) 21. The individual age related references ranges of QAlb for patients and controls were calculated: QAlb = (4 + age/15) x 10-3.
Results: Patients and controls distinguished significantly in their clinical status (mJOA: DCM 10,1%3,1, AAA 17,6%1,2, p=12) and
patients with severe clinical status (n=14, mJOA

Conclusions: Patients with DCM seem to have an increased permeability and disruption of the BSCB. The severity of BSCB
disruption (QAIlb) and the diffusion of Ig are related to the clinical status of the patients. Similar to the acute SCI, BSCB disruption
could be the initiation for secondary harm of the spinal cord in DCM. Having documented this particular pathomechanism in
patients with DCM for the first time, we suggest that this diagnostic tool cloud be an important addition to surgical decision making
in the future.
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The neurological deficits patterns of cervical radiculopathies which were misdiagnosed as peripheral nerve entrapment diseases
Tomohiko Hasegawa?, Yu Yamato?!, Daisuke Togawa?, Go Yoshida?!, Tomohiro Banno?, Hideyuki Arima?, Shin Oe?, Takao Omura?,
Yukihiro Matsuyama?

IHamamatsu university school of medicine, Orthopaedics, Hamamatsu, Japan

Question: Cervical roots supply fibers to form brachial plexus and branches to individual peripheral nerves. Thus sometimes we
encounter difficulties to distinguish cervical radiculopathy from peripheral nerve neuropathy. The purpose of this study was to
retrospectively review cases of cervical radiculopathy that were referred to our hospital that were diagnosed as peripheral
neuropathy at the previous hospital.

Methods: Retrospective case series.878 cases who were referred to our department suspected for peripheral neuropathy
from1999 to 2016 All the patients were examined for their neurological symptoms, physical test radiographic examination or MRI
and underwent electrophysiological study. The patients with normal conduction velocity (NCV) and abnormal cervical MRI findings
correspond to the muscle weakness area were diagnosed as cervical radiculopathy. Finally 39 cases were included in this study. We
investigated the diagnosis at previous doctor, clinical symptoms and distribution of the paralyzed muscles in these patients.
Results: Average age was 58 years old. All cases had no neck pain. Distribution of harmed nerve roots were as below, C5:2(5%),
C5and 6:3(8%), (6:5(13%), C7:3(8%),C7and 8:(3%),C8:24(62%),T1:1(1%). C8 radiculopathies were most frequently
misdiagnosed. The diagnoses at previous doctor were shown. Four axillary nerve paralysis in the C5 or C5, 6 combined
radiculopathy, one carpal tunnel syndrome in the C6 radiculopathy, two radial nerve paralysis in C7 radiculopathy, three posterior
interosseous nerve palsy, 4 ulnar nerve palsy, 4 cubital tunnel syndromes in C8 radiculopathy. C8 palsy showed various distributions
of muscle weakness area. In almost C8 radiculopathy patients, muscle weakness area were presented in two or more peripheral
nerve areas.

Conclusions: The most common muscle weakness differences between peripheral neuropathy and C8 radiculopathy was present in
the muscles innervated by the radius and the median nerve so a detailed evaluation of the muscle strength is required.
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The corticospinal reserve: reversible reorganization of motor area and excitability in degenerative cervical myelopathy
Anna Zdunczyk?, Leona Kawelke!, Thomas Picht?, Peter Vajkoczy*

1Charité, Department of neurosurgery, Berlin, Germany

Question: We have recently shown a compensatory reorganization of the corticospinal network in patients with degenerative
cervical myelopathy which led to the concept of the "corticospinal reserve capacity". In patients suffering from mild symptoms
(JOA>12) and thus preserved reserve an increased motor area due to a higher recruitment of supplementary motor areas (M2) was
observed. We now investigated how the status of the reserve impacts postoperative outcome and whether these compensatory
changes are reversible.

Methods: 20 patients with a cervical degenerative myelopathy were examined preoperatively and in a 9 months follow up with
navigated transcranial magnetic stimulation (nTMS). Based on the initial JOA score two patient groups were established
(JOA<12/>12). We determined the resting motor threshold (RMT), recruitment curve (RC), cortical silent period (CSP) and motor
area for the FDI muscle.

Results: The RMT showed no difference in the follow up measurement for both groups (p=.06) Operative decompression let to a
reconstitution of motor area size in the severely symptomatic patient group (p=.03). In patients with preoperatively mild symptoms
(JOA>12) and preserved corticospinal reserve no significant change in motor area size was detected. However the compensatory
increased recruitment of supplementary motor areas and disinhibition diminished after 9 months (M2 area pre/postop p=.02; CSP
pre/postop p=.03). Patients who clinically didn"t benefit from surgery also didn"t present a reconstitution of corticospinal
excitability.

Conclusions: Based on these results, we could detect reversible adaptive mechanisms on the cortical and spinal level, i.e.
corticospinal reserve capacity. Changes in these nTMS parameters might therefore serve as a valuable pre-and postoperative tool
in these patients.
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The three sagittal morphotypes that define the normative cervical spine

Sohrab Virk!, Renaud Lafage?, Jonathan Elysee?, Todd J. Albert?, Lawrence G Lenke?, Frank Schwab?, Virginie Lafage!
LHospital for Special Surgery, New York, NY, United States

2Columbia University, New York, NY, United States

Question: The alignment of the c-spine allows for forward gaze and the aim of this study was to describe cervical alignment and
how it varies amongst asymptomatic volunteers

Methods: We examined cervical/standing radiographs from adult volunteers. We examined volunteers with a previously published
normal limit of chin-brow vertical angle (CBVA. A 2-step cluster analysis was used to find natural groups among volunteers. We
performed a post hoc ANOVA analysis for a deeper analysis of the differences between groups

Results: Overall, 84/119 of volunteers met inclusion criteria of CBVA (age: 49.0+17.1 y/d, 73.8% Female, BMI 27.7kg/m216.1). We
found 3 alignment groups based on cervical curvature and T1S (sillhoute measure >0.6). Group 1 was "kyphotic cervical" [KC] spine
(N =27, C2-C7:-8.6°+7.3, T1S: 17.4°16.6), group 2 was "Medium Curve" [MC] (N = 43, C2-C7: 8.7°+7.3, T1S: 26.6°+4.0 ), group 3 was
"Large Curve" [LC] (N = 14, C2-C7: 21.2°+7.2, T1S: 39.5°+6.4) (all p<0.001). There was a difference in CO-C2 alignment (17.9° for KC,
12.9° for MC, 10.9° for LC, p = 0.019). These cohorts demonstrated a double compensation: change in C2-C7 to compensate for T1S
increase to maintain cSVA (cSVA: 31mm vs 25mm vs 26mm p = 0.174) and reciprocal change in C0-C2 to maintain a horizontal gaze
(CBVA: 5.7° vs 2.7° vs 4.6° p = 0.066). Examination of vertebra orientation demonstrated that C4 had a constant orientation vs
horizontal (C4S: 23.8 vs 21.5 vs 22.5 p = 0.665). Correlation analysis between C2-C7 and vertebra orientations demonstrated C4
orientation is independent of C2-C7

Conclusions: These results show cervical alignment is complex with compensation of cervical curvature and CO-C2 for differences in
T1S. C4 is constant in terms of orientation and may be the center of rotation of the cervical spine
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Complications following cervical spine surgery in patients with Parkinson's disease — an analysis of 21 patients.
Kais Abu Nahleh?, Hassan Allouch?!, Mootaz Shousha®, Mohammed Alhashash?, Heinrich B6hm?

1Zentralklinik Bad Berka, Department of Spinal Surgery, Bad Berka, Germany

Question: Spinal surgery in Parkinson's disease (PD) is challenging with high complication rates reported. The aim of this study is to
evaluate outcome and complications occurring in cervical spinal surgery in patients with PD.

Methods: Analysis of prospectively collected data of all patients with PD undergoing cervical spine surgery between 1999 and 2018;
evaluation of epidemiological, clinical and outcome data as well as complications.

Results: Five female and 16 male patients with PD for 8.317.2 years (median Hoehn & Yahr stage: 3) were identified. The @ age was
71.8 (range 56-83) years; predominant indication for surgery was myelopathy in 9 and radiculopathy in 6 cases. In 10 patients index
surgery was performed form anterior and in 9 patients primarily from posterior. In 2 cases an anterior-posterior approach was
necessary. 3.2+2.7 (range 1-12) levels were fused. Construct failure in 3 patients led to 6 revisions. Postoperative weaning failure
necessitated tracheostomy in 5 cases. Dysphagia in 5 patients required a PEG in 4 cases (of which one was treated by posterior
approach only). One patient suffered from esophageal injury. SSI occurred in 2 cases which resulted in multiple revisions in one
patient. Overall, 8 patients (38%) needed reoperation after index surgery. Pneumonia complicated the outcome in 4 cases. Mean
hospital stay was prolonged in comparison to other patient population with 34122 (range 3-71) days. At the time of last FU (mean
22.5+28.4, range 1-113 month) 7 patients showed improved neurology while in 1 case deterioration was detected.

Conclusions: Beside increased risk for construct failure after cervical spine surgery in patients with PD the surgeon should be aware
and the patient informed of possible deterioration of disease related dysphagia, even after posterior-only approach, and prolonged
hospital stay due to weaning failure, pneumonia and SSI with overall increased rate of revision surgeries. In contrast neurologic
improvement can be achieved in the majority of patients.
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A comparison of cervical disc arthroplasty and anterior cervical discectomy and fusion in patients with two-level cervical
degenerative disc disease: 5-year follow-up results

Gao Xinlin!

1West China school of medicine, Orthopedics Department, Chengdu, China

Question: Present the long-term clinical and radiographic comparison between the Prestige-LP cervical disc replacement and the
Zero-p spacer cervical disc fusion in treatment of patients with symptomatic two-level cervical degenerative disease.

Methods: 36 patients in the ACDF group and 24 patients in the CDA group were analyzed before surgery and at 1 week, 3, 6, 12, 24
and 60 months after surgery. Clinical assessments included JOA, VAS, and NDI scores. Radiographic assessments included CL, ROM
of the total cervical spine, FSU, superior and inferior adjacent segments. Complications including HO and ASD at 5-year follow-up
were collected as well.

Results: Mean follow-up period was 65.6 months. Both ACDF and CDA groups showed significant clinical improvements in terms of
JOA, VAS and NDI (P<.05), but there was no significant difference between groups at the last follow-up period. A significant increase
of cervical lordosis (CL) was observed in the CDA group after surgery while significant difference was not observed between groups.
ROM of the total cervical spine and FSU were maintained during the follow-up and significant decrease was observed in ACDF
group after surgery (P<.05). The ROM of the superior adjacent segment did not show any difference while the ROM of the inferior
adjacent segment in the ACDF group was observed a significant increase at 6 months and 1 year after surgery and a significant
decrease at the last follow-up period. A total of 8 (33.3%) patients in the CDA group were observed an occurrence of HO. ASD was
observed in 2 (8.3%) patients underwent CDA surgery and 8 (22.2%) patients underwent ACDF surgery.

Conclusions: Both the use of the Prestige-LP and Zero-P spacer implantations are safe and effective. At 5 years after surgery, CDA
with Prestige-LP is superior in terms of ROM of the total cervical spine, FSU and inferior adjacent segment. It also has a relatively
low ASD occurrence rate. This procedure may be a suitable choice for the treatment of contiguous two-level CDDD.

27



Figure 1

Table 1. Demographic Information

ACDF Group CDA Group
Variable N = 36) N = 24) P~
Age, years
Mean + SD BBE £ 05 547 £ 66 0.094
Sex, n
Male 22 15 0814
Female 4 9
Height, em
Mean + S0 1619+ 74 1638 £+ A5 0400
Waight, kg
Maan + 5D B1.1 + 100 648 + 105 0245
Clinical diagnosis, n
Radficulopathy 26 15 0428
Myelopathy 10 9
Lavel implantad, n
L3—4-5 ) 0141
C4-56 17 16
L5—6-7 15 ]
Blood loss, mL
Maan + S0 911 + 1052 778 + 636 0613
ACDF, anterior cervical discactomy and fusion; COA, cendcal disc arthraplasty; SO,
standard deviation.
*For contiguous m,ﬂmmmmi:dmﬂmm—mum
and for categorical variables, they are from 3 analysis.

Figure 3

Figure 2

Table 2. Clinical Dutcomes

ACDF |N=36) CDA (N = 24) {
VAS scores
Praoparative 56 + 35 48 + 34 0.133
Last followe-up 24 £ 16 19+20 0515
P <0001 0016
JOW scores
Praoperative 85 + 36 104 + 27 0418
Last follove-up 160 + 13 149 = 24 0.728
i <0001 0006
MNOH seares
Praoparative 23+175 263+ 118 0677
Last follow-up 101+ 78 96 + 63 083z
P <0001 =<0.0M
ACDF, anterior cesvical discectomy and fusion; COA, cervical diec arthroplasty; VAS, vissel
analogue scals; JOA, Japanese Orthopaedic Assocation; NDI, Neck Disability Indzx
*ann—Whitnery U/ test.
{Pairad ¢ tast.

Table 3. Rodiographic Dutcomes

Preuperative 1 Wosk 3 Moaths £ Months 1 Yar 2 Year Last Follow-up
a
ACOF 86 = 148 125 + B4 115+ 95 12 £ 102 117 £ 104 104 + 125 100 + 88
Coa 15102 128412 158 & A 1naxnr 125 L 87 hEE | g 10,7 % 104°
o 0567 .83 DN 1828 e 036 0243
ROM af C2—C7
ACOF 441 £ 138 3.1+ B8° 21T 0741 315 £ 08 1+ 108
Coa BLT & 142 418 £ 130" -H-i £ 139 458 & 153 469 4 123 65 4 133
A 0.110 5 + 164° <0001 0,003 0,003 <0001 <0001
Rl of FEU
ACOF 24111 17 1 28" 41131 a0z 28 194 22° 14127
CoA %5 £ 103 71+ 75 194 £ 93 M5 + 104 197 £ 8% 175
A 00w 125+ 75 <000t <0001 <0001 <0001 <0001
Rl of superior adjacent’ segment
ACOF 104 + &1 1 £52 82 58 B4+ 13 104 = 60 98+ 58
COA 107 + 50 B0 + 47 108 + 53 101 + 45 90 4+ 50 88 + 18
] 0905 47 £ 31" D4z 0167 0438 0445 0.630
Rl of fecir
Adjacent segment
ACOF 72+ 18 78 + 4B BA & 20° a0 & 180 E2+25 54+ 38
CoA BA £ 32 98 4+ 24 02+29 100 + 30 104 £ 38 94+ 38
A 035 51+ 33" 0218 0.450 0627 0033 0016
L convical b, ACD, amistier conical icestemy and fusion; COW, eonved die anfvoglasty; ADM, range of metion; FSU, fnctisnal syl it
“Siggicant difemnt o preaperation paremor anshed by paird £ tests
fhann—hinay U test

28




o

”|
~H A s
£ ]
M L]
-] e 0 i BEE 7 T
20

1|

od

Peep IWe Mo 6Ma 1 e 3y
s aps P rlad

—a—iemd == FrogeLF
Figers 1. Tha rango of mation (ROM) of C2=C7. Fre-op. precperative.

Freos e Sk L awr an £

=T == PresOgelF

Figure 3. The range of mation RO of the superior adiacant sogment.
Pre-of, pleoperative.

Figure 5
£ ]
E ]
Eu Fag _:’ —b= iy
5 5 6 Pei%8
Em. E ] AR it
3.-: 2
. peoor  Peomp  PEDOL 1 oo G
freos  lwe 3Me &M i 2w s Peeap  Lwe Mo eMe 1w am sw
Fallawenp Perisd Fulemap Periad
—TonP = PrevtgesL? L = T
Figure . Tha range of modtion (ROM) of functionat spinal unit (FSU). Figers 4. The range of mation (ROM) of the inferor adfacent segmant
Pre-op. preoperative. Pre-op, preoperatiee.

Figure 6
u —
u =
m -
=
s &
-
- Sl
3
1 -
I:l ] Ll T 1 ] 1
P 0 1 ERT EMo 17 1% S¥F
Follow-up Period
e TETOF  mfePrtige L P
Figure 5 The cenvical kondosis (CL) Pre-op, precperative.

29




038

Cervical and spinal sagittal alignment deviation in the general elderly population: A Japanese cohort survey randomly sampled from
a basic resident registry

Masashi Uehara?, Jun Takahashi?, Shota Ikegami', Ryosuke Tokida?, Hikaru Nishimura?, Noriko Sakai?, Hiroyuki Kato?

1Shinshu University, School of Medicine, Orthopaedic Surgery, Matsumoto, Japan

2Shinshu University Hospital, Rehabilitation Center, Matsumoto, Japan

3New Life Hospital, Orthopaedic Surgery, Obuse, Japan

Question: There are presently no clear benchmarks for such values or those for the cervical spine in the general population. Quality
epidemiological studies are needed to establish standards for spinal alignment deviation. In this study of an aged Japanese
population, we employed random sampling from the basic resident registry of a rural town for subject selection to determine
reference values of sagittal spinal alignment including the cervical spine.

Methods: We established 8 groups based on age (50's, 60's, 70's, and 80's) and gender after random sampling from the resident
registry. A total of 413 people were enrolled. Radiographic parameters of sagittal spinal alignment of the cohort were measured
and analyzed. Comparisons between age groups on the basis of 50's age group reference values were performed using multiple
comparisons based on the Dunnett test.

Results: Each spinal alighment parameter stratified by age and gender was presented. Global spinal alignments became more
misaligned with age for both genders. Sagittal vertical axis (SVA) forward shift was significantly more frequent in 80's males and
70's females, and SVA in 80's females was a mean of 66 mm forward of that of 50's females. Forward movement of the cervical
spine was especially prominent in men. Cervical protrusion was markedly greater in 60's males onwards. C2-7 SVA was large at all
ages in males, and T1 slope increased from their 60"s. In women, lumbar lordosis and posterior pelvic inclination were noticeable
from a younger age than in men. The amount of pelvic tilt misalignment in female subjects was approximately 10 years earlier than
their male counterparts.

Conclusions: This first resident cohort of Japanese individuals determined average spinal alignment parameters by age and gender.
Spinal balance generally shifts forward as age increases. A forward shift in the upper cervical spine occurs first in men, while
lumbopelvic alignment shift occurs first in women.
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The clinical relevance of the cervical disc prosthesis: combining clinical results of two RCTs

Caroline Goedmakers?, Ronald Bartels?, Roland Donk?, Mark Arts3, Erik van Zwet*, Carmen Vleggeert-Lankamp?
Leiden University Medical Center, Neurosurgery, Leiden, Netherlands

’Radboud University Medical Center, Neurosurgery, Nijmegen, Netherlands

3The Hague Medical Center, Neurosurgery, The Hague, Netherlands

4Leiden University Medical Center, Medical Statistics, Leiden, Netherlands

Question: Is ACDA clinically superior to either ACDF or ACD in the entire group of patients or in a particular subgroup of patients?
Methods: Individual patient data of two prospective, double-blind, randomised clinical trials were combined. Both trials were
independently conducted in University Medical Centers in the Netherlands. Participants were randomly assigned to receive
anterior cervical discectomy either followed by placing a prosthesis (ACDA), placing a cage (ACDF) or placing nothing (ACD) in the
intervertebral space after the cervical disc space was cleared out. The individual patient data from 109 (X trial) and 142 (X trial)
patients were combined: allocating 83 patients to ACD, 83 patients to ACDF and 85 patients to ACDA. Both trials included patients
with radicular signs and symptoms in one or both arms due to a single level cervical disc herniation with or without an osteophyte.
Data was available on 159 patients after two-year follow-up. Neck Disability Index, SF36 and McGill pain score were evaluated
during two years post-operatively. An pre-specified subgroup analysis was performed for age, disc height, BMI, smoking and
gender; according to the X trial protocol.

Results: The NDI decreased comparably in all treatment arms to circa 50% of baseline value and mean NDI differences varied from
0.4 to 1.1 on a 100 point NDI scale, with confidence intervals never exceeding the 20-point Minimal Clinical Important Difference
(MCID). Secondary outcome parameters were comparable too. Subgroup analysis could not demonstrate clinically relevant
differences in NDI between treatments after two years.

Conclusions: Combining data of RCTs provides sufficient statistical power to conclude that a difference in clinical outcome between
the three groups is absent. Neither is there evidence that a specific subset of patients based on age, BMI, smoking, gender or
preoperative disc height of the involved level would benefit more from one of the treatment strategies.
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Is C1/2 fusion required for all patients with Chiari | Malformation or basilar invagination?

Jérg Klekamp?
IChristliches Krankenhaus Quakenbriick, Neurosurgery, Quakenbriick, Germany

Question: C1/2 fusion has been proposed as standard treatment for Chiari | Malformation (CMI) and basilar invagination (Bl). The
alignment of C1/2 facettes and the clivus canal angle (CCA) before and after surgery were analyzed as parameters for C1/2 stability
and craniocervical sagittal balance.

Methods: All spinal malformations have been entered into a spinal cord register since 1991. The CCA and C1/2 facettes were
analyzed in 391 patients with CMI and/or BI. Postoperative results were determined after 3 months and progression-free survival
rates calculated with Kaplan-Meier statistics.

Results: In 291 patients with CMI without BI, the CCA was in the normal range (143+11°) in contrast to 12 patients with Bl without
CMI (122+12°) and 88 patients with CMI+BI (120+15°; p<0.0001). The C1/2 facettes were in normal alignment in 94% in CMI
without Bl, 58% in Bl without CMI and 36% in CMI+BI (p<0.0001). Anterior subluxations of the C1 facette occured in Bl with ventral
medullary compression only, posterior subluxations in all groups. In CMI without Bl (n=132) and CMI+Bl without ventral
compression (n=29) posterior decompressions without fusion left the CCA unchanged (-0.4+3° and -0.1+5°, respectively)
irrespective of facette orientation. In Bl with ventral compression (n=36) decompressions with realignment and fusion increased
the CCA from 113+16° by 6+7° on average. Clinical results after 3 months (improved status for 77% in CMI without BI, 86% with
CMI+BI after decompression, 79% with Bl after decompression plus fusion) and progression-free survival rates for 10 years (91% for
CMI without Bl, 77% for CMI+BI after decompression and 84% for Bl after decompression plus fusion) showed no significant
differences.

Conclusions: Patients with CMI without Bl and Bl without ventral compression do not require C1/2 fusion and can be managed by
posterior decompression alone without compromising sagittal balance. Patients with Bl and ventral compression should undergo
posterior decompression, realignment and fusion.
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Does a disruption of the C2 extensor muscle insertions affect post-operative cervical alignment in cervical laminoplasty?
Ko Ikuta?, Shino Mori?

1Karatsu Red Cross Hospital, Orthopedic surgery, Karatsu-city, Japan

Question: It has been reported that post-operative loss of cervical lordosis correlated with poor outcomes in cervical laminoplasty
(CLP). The aim of this study was to evaluate a connection between a disruption of the C2 extensor muscle insertions and post-
operative alignment changes of the cervical spine in CLP.

Methods: A total of 60 patients, who underwent CLP (C3-6 or C4-6) for cervical myelopathy and could be followed for minimum 1
year after surgery, were reviewed. The C2 extensor muscle insertions were dissected and reconstructed in C3-6 CLP and were
completely preserved in C4-6 CLP. The patients were distributed into two groups as follows; C3-6 CLP:32 patients (group D) and C4-
6 CLP:28 patients (group P). We conducted a comparative study on the changes of sagittal alignment following each CLP between
the two groups. Several radiographic parameters were measured on standing lateral radiographs before surgery and at 1-year FU.
In a statistical analysis, t-test and Mann-Whitney U test were used.

Results: There were no significant differences between the two groups on baseline data, such as age, gender, ASA-PS grade, BMI
and all of radiographic parameters. At 1-year FU, C2 tilt indicated a significant difference (p=0.028) between the two groups and
the other parameters demonstrated no significant differences. In group D, C2 tilt increased from 11.9+7.2 to 15.318.6, C2-7 Cobb"s
angle decreased from 15.419.8 to 11.3+10.6 and C2-7 SVA increased from 27.8£14.5 to 31.9+£15.3 with statistical differences
(p=0.005, 0.001, and 0.007, respectively) after surgery. Meanwhile, the group P showed no significant changes on the cervical
alignment following surgery.

Conclusions: We found that the disruption of C2 extensor muscle insertions might cause a slight increase of the C2 anteversion and
consequently lead to loss of cervical lordosis after CLP. We suggest that the most cephalad laminoplasty level should be the C4
rather than the C3 to preserve the C2 extensor muscle insertions in CLP.

042

The impact of cervical sagittal imbalance on laminoplasty indicated to patients with cervical myelopathy
Minori Kato!

10saka City General Hospital, Orthopaedic, Osaka, Japan

Question: Recently, some authors have used a regional definition of “cervical SVA (C2-7 SVA)”. However, it is unclear whether the
sagittal cervical imbalance that is designated by C2-7 SVA impacts both the clinical status and the surgical outcomes of cervical
degenerative diseases including cervical myelopathy. The purpose of this study was to evaluate the influence of C2-7 SVA on
laminoplasty for cervical myelopathy.

Methods: Patients with cervical myelopathy (n = 110; 39 women, 71 men; mean age, 66.8 years; the follow-up, 2 years) who
underwent laminoplasty were included in this study. The relationship between cervical sagittal parameters, including C2—7 SVA,
and clinical status was evaluated. The changes in radiographic cervical alignment parameters and clinical status 2 years after
surgery were compared between patients with sagittal cervical imbalance (defined as C2-7 SVA 235 mm; group A, n = 14) and
those without (group B, n = 96). Their clinical status by using the JOA score, the JOACMEQ, the visual analog scale for neck pain and
shoulder stiffness, and the SF-36.

Results: Preoperatively, the mean C2-7 SVA of all patients was 19.9 mm. C2—7 SVA significantly correlated with C2-7 angle, T1
slope, and thoracic kyphosis, but did not with lumbar and pelvic sagittal parameters (Table 1). C2—7 SVA did not correlate with
defined health-related quality of life evaluation scores (VAS, JOACMEQ, and SF-36). Postoperatively, SF-36 PCS and VAS for neck
pain got worse in group A (Table 2). Concerning cervical imbalance, the postoperative change of C2—7 SVA did not significantly
differ in 2 groups. Patients with a large C2-7 SVA maintained cervical alignment after laminoplasty but experienced severe
postoperative neck pain.

Conclusions: Our patients with cervical imbalance experienced severe postoperative neck pain (axial pain) even though cervical
alignment was maintained after laminoplasty. Laminoplasty alone was not suitable for patients with sagittal cervical imbalance.

Figure 1
Table 1. Relationship among the preoperative sagittal alignment parameters
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32



Figure 2

Table 2. Change in clinical status/ HRQOL in patients after laminoplasty

Group A (14 cases) Group B (96 cases) palue
Pre-op. Post-op A Pre-op. Post-op A
JOA score (point) 9.1£1.7 12.8=18 47.3# 8.4£25 12.9+23 53.84 0.09
VAS for neck pain (mm) 19.9£232 36.1228.9 16.2 28.4+295 34.5+27.3 6.1 0.07
VAS for shoulder stiffness (mm) 26.3+30.1 34.5+38.5 129 36.4£31.6 42.6:29.6 6.1 035
TOACMEQ (point)
cervical spine function 60.9£34.6 56=334 —4.9 60+29.5 65.7=24.1 57 p<0.05
upper extremity function 75.6£9.5 74.4=23.5 -12 66.6=24.1 73.6£22 7 0.18
lower extremity function 62.4=24.1 63.5x24.6 12 52.3=31.3 60.5=27.9 82 0.11
bladder function 79=16.9 74.8£20.3 —42 66.9£23.7 72.5£21 5.6 0.26
Quality of life 40.9£16.3 48.1=21.2 72 38=17.6 45.3=19.5 7.3 0.98
SF-36 (point)
PCS score 26.3£139 24.8=17.1 -15 19.4£17.1 26=18 6.6 p=0.05
MCS score 472594 47.929.7 0.7 44.6=11.2 47.3£9.7 27 0.58
physical functioning 29=+17.2 28.5%21.9 -0.5 21.7£19.4 27.2+18 55 024
bodily pain 40.6£11.6 38.3x10.5 -23 34.7+10 37.9+10.5 32 0.12

TOA score = Japanese Orthopaedic Association score, VAS = visual analog scale, JOACMEQ = the JOA Cervical Myelopathy Evaluation
Questionnaire, SF-36 = short form-36, PCS = physical component summary, MCS = mental component summary.

A =postoperative parameter value — preoperative parameter value.

#: Value means the recovery ratio (%) calculated using Hirabayashi’s method.

p value reflects the significance of the differences in postoperative change of parameter value (A) between groups A and B
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The impact of the multifidus muscle swelling on C5 palsy after cervical laminoplasty

Yoshitada Usami?, Yoshiharu Nakaya?, Sachio Hayama?, Atsushi Nakano?!, Mutsumi Ohue?, Masashi Neo*
10saka medical college, Takatsuki, Japan

’Katsuragi Hospital, Kishiwada, Japan

Question: Cervical posterior decompression surgery is an established technique that yields good clinical outcomes, but the risk of
C5 palsy (C5P) after surgery has not yet been resolved. Previous studies have reported that lateral stretching and postoperative
swelling of multifidus muscles may cause stretching of medial branches and cervical nerves. The present study aimed to identify the
effects of posterior neck muscle swelling on C5P by evaluating early postoperative MRI.

Methods: 218 consecutive C5 nerve roots from 109 patients who underwent laminoplasty were examined. We reviewed the
demographics, surgical data, X-ray images, and MRI images of each patient, including the axial cross-sectional area (CSA) of
posterior neck muscles. The 109 patients and 218 nerve roots were divided into C5P and non-C5P groups. Each parameter and its
changes were compared between the two groups, examining correlations with C5P.

Results: In the demographics analysis, existence of OPLL, history of smoking, DM, and preoperative JOA scores were not
significantly different between the C5P and non-C5P groups. Only BMI was higher in the C5P group. In terms of surgical and imaging
data, numbers of laminoplasty, operating time, laminectomy trough width, accomplishment of C4/5 foraminotomy, C2—C7 Cobb
angle, preoperative spinal cord rotation, and posterior shift of the spinal cord were not significantly different in the two groups.
Only the multifidus CSA change ratio was significantly higher in the C5P group. Multiple logistic regression analyses revealed that
the multifidus CSA change ratio and BMI were significant independent factors.

Conclusions: Our results indicate that multifidus swelling is associated with C5P through traction of the C5 nerve via medial
branches of the cervical dorsal rami. The medial branch is the shortest of the dorsal rami and may have the largest effect by
traction force. Therefore, a gentle procedure for deep posterior muscles during surgery is a potential countermeasure for the
prevention of C5P.
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Biomechanical effects on intermediate segment of noncontiguous hybrid surgery with cervical disc arthroplasty and anterior
cervical discectomy and fusion: a finite element analysis

Tingkui Wu?, Beiyu Wang?, Hao Liu?, Xin Rong?, Yang Meng?

1West China Hospital, Sichuan University, Orthopedics, Chengdu, China

Question: Cervical degenerative disc disease (CDDD) at two noncontiguous is a special type of multilevel CDDD. No study has
examined biomechanical differences between anterior cervical discectomy and fusion (ACDF) and hybrid surgery (HS) constructs for
noncontiguous CDDD.Differences in the biomechanical changes between the intermediate and adjacent segments are unknow.
Methods: A finite element model of a healthy cervical spine (C2-7) was constructed. Three surgical models were developed: (1)
skip-level ACDF at C3/4 and C5/6 (FF), (2) ACDF at C3/4 and cervical disc arthroplasty (CDA) at C5/6 (FA) and (3) CDA at C3/4 and
ACDF at C5/6 (AF). A 75N follower load with 1.0N-m moment was applied to the top of the C2 vertebra in the intact model to
simulate flexion, extension, lateral bending and axial rotation. Surgical models achieved identical motion angles of the intact model
in each direction.

Results: The FF model required much higher moments than did the two HS models. In the FF model, the motion contributions of
the unfused segments were unevenly increased. The magnitude of the increased motion, facet contact force (FCF) and intradiscal
pressure (IDP) in the intermediate segment was larger than those in the supra-or infra-adjacent segments. In the FA and AF models,
the motion contributions of the untreated levels were evenly changed, and the intermediate segment did not experience additive
motion, FCF or IDP. The segment adjacent to the level of ACDF had greater FCF and IDP than did the segment adjacent to the level
of CDA in the two HS constructs.

Conclusions: ACDF at two noncontiguous levels substantially alters kinematics, FCF and IDP at the unfused levels, and the
intermediate segments exhibit additive motion and forces. HS constructs resulted in less altered biomechanics and kinematics of
the untreated levels and showed no additive biomechanical effects on the intermediate segments. However, the effects were
associated with the relative location of the ACDF and CDA levels
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The characteristic of cervical sagittal alignment in patients with chronic low back pain

Hideyuki Arima?, Yu Yamato?, Koichi Sato?, Ryu Shiba3, Yoshihiro Uchida®, Toshiyuki Tsuruta®, Kanehisa Hashiguchi®, Hajime
Hamamoto’, Eichiro Watanabe$, Kaoru Yamanaka®, Kokai Nomura®®, Yukihiro Matsuyama'?
IHamamatsu University School of medicine, Department of Orthopedic Surgery, Hamamatsu, Japan
2Sato Orthopedic Clinic, Tokyo, Japan

3Shiba Clinic , Shizuoka, Japan

4Seisen Clinic, Shimizu-cho, Japan

>Tsuruta Orthopedic Clinic, Ogi, Japan

®Hashiguchi Orthopedic Clinic, Kagoshima, Japan

’Hamamoto Orthopedic Clinic, Shizuoka, Japan

8Fuji Orthopedic Hospital, Fuji, Japan

9Yamanaka Orthopedic Clinic, Shizuoka, Japan

19Tanumakaido Orthopedic Clinic, Fujieda, Japan

Question: Difference in postural control has been identified between people with and without chronic low back pain (CLBP). This
difference may affect cervical lesion. However, cervical alignment in patients with chronic low back pain has not been previously
described. The purpose of this study was to describe cervical alignment and cervical deformity in patients with CLBP.

Methods: Of the patients who visited an orthopedic clinic due to low back pain lasting more than 3 months, 127 cases [average 71
years old (49 - 91), 48 male and 79 female] who had whole standing spinal screening radiographs were evaluated. (CLBP group)
Cervical parameters evaluated included cervical lordosis (CL), C2-C7 sagittal vertical axis (C2-7 SVA), and the T1 slope (T1S) minus
the CL (T1S-CL). Cervical deformity was defined as C2-C7 SVA >4 ¢cm, CL<0°, or T1S-CL > 15°. We compared the cervical alignment
and prevalence of cervical deformity with that of 127 age and gender matched healthy volunteers (HV group) (average 71 years old
(50-91), 48 male 79 female).

Results: The prevalence of cervical deformity was significantly lower in CLBP group than in HV group (26.4% vs. 74.0%, P < 0.01).
The mean pelvic incidence was 47.2°vs. 49.1°in CLBP group and HV group, respectively( P = 0.130). The mean cervical lordosis was
larger in CLBP group than in HV group (16.2°vs.12.0°, P = 0.004). The mean C2-7 SVA was smaller in CLBP group than in HV group
(17.6 mm vs. 25.0 mm, P < 0.001). The mean T1 slope minus cervical lordosis was smaller in CLBP group than in HV group
(9.1°vs.19.8°, P < 0.001). The mean EQ-5D was smaller in LBP than in HV (0.73 vs. 0.83, P < 0.001).

Conclusions: This study results suggest that patient with CLBP present better cervical sagittal alignment and lower prevalence of
cervical deformity than age and gender matched healthy volunteers, which means that CLBP at least doesn"t impact on cervical
lesion negatively.
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Anterior cervical corpectomy and reconstruction using titanium implants in the surgical treatment of cervical spondylodiscitis: Long
term results

Mohammed Alhashash?, Reza Bahrami?, Mootaz Shousha?, Heinrich B6hm?

1Zentralklinik Bad Berka and Alexandria University Egypt, Spine Surgery, Bad Berka, Germany

2Zentralklinik Bad Berka, Spine surgery, Bad Berka, Germany

Question: Spinal infections account for 1-7% of pyogenic osteomyelitis. with bony destruction, corpectomy is unavoidable. The use
of cages in the presence of infection is still raising the concerns of many surgeons. we evaluated the treatment of cervical
spondylodiscitis by means of anterior cervical corpectomy and reconstruction using titanium implants

Methods: A retrospective analysis of data between 1994 and 2015 in our department revealed 42 patients with cervical
spondylodiscitis treated by cervical corpectomy and reconstruction using titanium implants. The clinical, laboratory and radiological
parameters were analysed preoperatively, postoperatively and for a minimum of two years after surgery

Results: There were 20 females and 22 males with a mean age of 72 years. 23 patients had preoperative neurological deficit. One
level corpectomy was done in 24, two levels in 15 and three levels in 3 patients.17 patients had epidural abscess, five patients had
an accompanying lumbar infection. The mean operative time was 187 minutes and the mean blood loss was 450 ml. In 20 patients
a stand-alone implant was used and in 22 posterior fixations was added. Followed up was for a mean of 38 months. Mean VAS
improved from 8 pre- to 3 postoperatively, and the mean NDI from 18 to 10. The mean CRP improved from a mean of 96
preoperatively to a mean of 20 two weeks after. Cervical lordosis improved from 1.3° preoperatively to 6° (p=0.02). Fusion was
achieved in 38 patients. In 4 patients, asymptomatic pseudo-arthrosis was documented. A single patient had persisting infection
around the implant and underwent cage removal. Reoperation in 2 patients due to hematoma, and oesophageal injury
Conclusions: Anterior corpectomy and reconstruction using titanium implants is safe in the treatment of cervical spondylodiscitis
with low rate of infection recurrence. Restoration of the sagittal profile and fusion can be successfully achieved. If the implant
design permits and with good bone quality, additional fixation could be spared
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Feasibility of the far lateral suboccipital approach to the retroodontoid region: How much bone removal is needed?
Gergely Bodon?, Kristof Kiraly?, Bernhard Hirt3, Heiko Koller*

IKlinikum Esslingen, Orthopaedic Department, Esslingen a.N., Germany

2Semmelweis University Budapest, Laboratory for Applied and Clinical Anatomy, Dept. of Anatomy, Budapest, Hungary
3University of Tiibingen, Clinical Anatomy Tiibingen, Tiibingen, Germany

“4Klinikum rechts der Isar, Neurosurgery, Miinchen, Germany

Question: The posterolateral extradural suboccipital approach can be used to reach the anterior epidural space and the
retroodontoid regions. The extent of necessary bone removal was not yet studied. We examined the changes of the horizontal and
vertical surgical windows using successive bone removal of the atlas during this approach.

Methods: This anatomical study was done bilaterally on 5 Thiel-fixed human cadavers (mean age 83,7 years, range 74-94 yrs).
Vertebral arteries were filled with colored silicon. After a wide posterolateral suboccipital approach, the C2 nerve root was
identified and sacrificed to gain access to the epidural region in all specimens. Our goal was to reach the epidural space and to
dissect the dens free of soft tissues from its base to its tip. We measured the surgical window with a) intact C1 posterior arch, b)
after a dome formed laminotomy of C1, c) after resection of the unilateral hemiarch of C1, and d) finally after drilling 3mm of the
medial aspect of the lateral mass of C1. Steps of the bone removal are shown on Fig.1.

Results: Intact spines where characterized by a very narrow surgical window of 6,3+ 2,1 mm x 9,7 + 1,5 mm (horizontal x vertical
window) as per the area formed by the dura to C1-lateral mass and C2-lamina to Cl-arch distances. The vertical window increased
to a 13,0 £ 1,2 mm in case of laminotomy and to 17,3 £ 1,1 mm in case of removal of the ipsilateral C1l-posterior arch. Bone
removal from the medial aspect of the C1-lateral mass increased horizontal surgical window to 10,3 + 0,5 mm. The final size of the
surgical window was 10,3 £ 0,5 mm x 17.3 + 1,1 mm (horizontal x vertical window).

Conclusions: The surgical window could be increased significantly through bone removal of the atlas vertebra. If only the anterior
epidural space or the base of the dens needs to be reached, the dome formed laminotomy allows for an adequate surgical window.
The tip of the dens could only be reached if the ipsilateral posterior arch is resected.
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Figure 1
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Risk factor of surgical site infection (SSI) in cervical spine surgery — importance of perioperative hygienic status

Naosuke Nagata?, Shuichi Kaneyama?, Masatoshi Sumi?, Koichi Kasahara?, Aritetsu Kanemura?, Hiroaki Hirata®, Masaaki Ito!
1Kobe Rosai Hospital, Orthopaedic Surgery, Kobe, Japan

Question: Surgical site infection (SSI) after cervical spine surgery can result in increased morbidity and mortality. Since patient
factors as well as surgical invasion associate with the incidence of SSI, the risk factors should be investigated exhaustively. This
study aimed to investigate the risk factors of surgical SSI in cervical spine surgery in both "patient" and "surgery" aspects.

Methods: A total of 388 cases (258 males and 130 females, mean 67.1 y.0.) who underwent cervical spine surgery from 2015 to
2017 was reviewed. The incidence of SSI within 6 months after surgery and the risk factor of the SSI were investigated from the
aspect of "patient" and "surgery".

Results: SSI occurred in 4 cases (3 males and a female, mean 53.8 y.0.). The incidence of SSI was higher in the "patients" with BMI
of 30 or more (2/23 cases: 8.7%, control: 0.56%), requiring assistance for daily activity preoperatively (2/58: 3.4%, cont.: 0.6%),
cerebral palsy (1/8: 12.5%, cont.: 0.79%), psychological disorder (1/13: 7.7%, cont.: 0.80%), serum level of aloumin 3.5mg/dI or less
before surgery (2/38: 5.3%, cont.: 0.57%) and 3.0mg/dl or less after surgery (3/90: 3.3%, cont.: 0.34%). In addition, SSI was
observed more frequently in the "surgery" with instrumentation (3/114: 2.6%, cont.: 0.37%), 6 or more vertebral levels involved
(3/99: 3.0%, cont.: 0.35%), taking more than 180 minutes (4/110: 3.6%, cont.: 0%).

Conclusions: The results of this study demonstrated that obesity (BMI=30), cerebral palsy and psychological disorder increased the
incidence of SSI after cervical spine surgery besides nutritional status or surgical invasion. These patients had difficulty in keeping
their surgical site clean by themselves, and which can that could be considered as a risk factor of SSI. Therefore, perioperative
hygienic status should be tightly taken care around the surgery for cervical spine.
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Patterns of short-term and long-term surgical outcomes and prognostic factors for cervical ossification of the posterior longitudinal
ligament between anterior cervical corpectomy and fusion and posterior laminoplasty

Bong Ju Moon?, Dong Ah Shin?, Seong Yi2, Yoon Ha?, Keung Nyun Kim?, Do Heum Yoon?, Jung-Kil Lee!

1Chonnam National University Hospital and Medical School, Department of Neurosurgery, Gwangju, South Korea

2Yonsei University College of Medicine, Neurosurgery, Seoul, South Korea

Question: During short-term follow-up period, surgical outcomes for cervical ossification of the posterior longitudinal ligament
(OPLL) between anterior cervical corpectomy and fusion (ACCF) and laminoplasty (LP) were similar. However, there were several
reports that long-term surgical outcomes were superior in the ACCF compared with LP. Therefore the objective of this study is to
compare short-term and long-term surgical outcome patterns between ACCF and LP in patients diagnosed with cervical OPLLand
identify factors affecting surgical outcomes.

Methods: This study enrolled 70 patients who underwent ACCF and 63 patients who underwent LP between 2005 and 2012.
Patterns of surgical outcomes were analyzed in accordance with surgical procedures. Furthermore, these patients were divided into
two subgroups on the basis of follow-up duration: the short-term group (less than 48months) and the long-term group (more than
48 months) group. Occupying ratio, type of OPLL, shape of ossified lesion, cervical sagittal alignment, grade of signal intensity on
MRI, and Japanese orthopedic association (JOA) score were examined.

Results: Surgical outcomes of ACCF went into reverse at 48 months follow-up period. In short- term group, JOA recovery rate had
no difference between ACCF and LP. In long-term group, the ACCF recovery rate (78.5+31.0) was significantly higher than the LP
recovery rate (48.41+54.9) (P=0.008). In short-term group, old age (p=0.011), hill shape (p=0.013), and high grade of MRI signal
intensity (p=0.040) had negative effects on recovery rate. On the other hand, in long-term group, LP (p=0.021) and a high grade of
MR signal intensity (p=0.017) independently and negatively affected recovery rate.

Conclusions: Long-term surgical outcomes of ACCF became better than those of LP at more than 48 months follow-up period.
Furthermore, high grade MRI signal changes and the LP surgical procedure were independent negative factors for long-term
surgical outcomes.
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Figure 3

TABLE 2. Relationship between recovery rate and variables 2 to surgical app
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TABLE 4. Muliiple linear regression analysis of recovery rate according to follow-up period
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Trends in posterior cervical fusion in the United States from 2000-2016

Michael Safaee?, Katherine Corso?, Jill Ruppenkamp?, Ann Menzie?, Christopher Ames?
1UCSF, Neurological Surgery, San Francisco, CA, United States

2Johnson & Johnson, Raynham, MA, United States

Question: To what extent has the rate of posterior cervical fusion (PCF) increased over the past 16 years and what are the most
significant areas of growth?

Methods: Adult patients who underwent PCF from 2000-2016 were identified in the Premier Healthcare Database (PHD) using
International Classification of Disease Codes (ICD) 9 and 10. Complexity was defined by concurrent codes within the same
admission as index PCF including an osteotomy (PCF+0ST), thoracic fusion (PCF+T), anterior cervical fusion (PCF+ACF), or deformity
diagnosis (PCF+DEF). Demographics, clinical and hospital characteristics, and healthcare utilization measures were collected. Yearly
procedure volumes were projected to the US population using weights based on the American Hospital Association survey data.
Rate of PCF procedures were estimated for the overall population undergoing PCF and stratified by age, gender, and surgical
complexity.

Results: A total of 60,891 discharges for PCF occurred over the study period. Both the projected volume of patients and the rates of
patients undergoing PCF per 100,000 population increased over time. For patients age 65 or older, the compound annual growth
rate (CAGR) of PCF was 8.8% with an overall increase of 281% over the study period. Patients age 85 or older had the greatest CAGR
(10%) and total growth (361%) over the study period. PCF complexity increased across the study period. The CAGR was 7.9% for
PCF alone compared to 19.0% for PCF+T and 15.2% for PCF+DEF, among patients aged 65 or older.

Conclusions: Rates of posterior cervical fusion have increased dramatically over the past 16 years with significant growth among
the elderly, particularly over age 85, and among patients with cervical deformity.
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Increasing surgical invasiveness relative to frailty status in cervical deformity surgery: A risk benefit analysis

Peter Passias®, Avery Brown?, Cole Bortz'?, Katherine Pierce!, Haddy Alas?, Bassel Diebo3?, Renaud Lafage?, Virginie Lafage?,
Christopher Ames®, Douglas Burton®, Neel Anand’, Robert Hart®, Gregory Mundis®, Brian Neuman?©, Breton Line?!, Christopher
Shaffrey'?, Eric Klineberg'3, Justin Smith!2, Frank Schwab?, Shay Bess'?, International Spine Study Group (ISSG)*?

INYU Langone Health/NY Spine Institute, Orthopaedic and Neurological Surgery, New York, NY, United States

2NYU Langone Health, New York, NY, United States

3SUNY Downstate Medical Center, New York, NY, United States

4Hospital for Special Surgrey, New York, NY, United States

SUniversity of California San Francisco, San Francisco, CA, United States

University of Kansas, Kansas City, KS, United States

’Cedars-Sinai Medical Center, Spine Trauma Surgery, Los Angeles, CA, United States

8Swedish Neuroscience Institute, Seattle, WA, United States

9Scripps Clinic Torrey Pines, San Diego, CA, United States

19johns Hopkins University, Baltimore, MD, United States

penver International Spine Center, Denver, CO, United States

LUniversity of Virginia, Charlottesville, VA, United States

L3yniversity of California Davis, Davis, CA, United States

Question: Investigate the outcomes of CD surgery by frailty status and surgical invasiveness.

Methods: Operative CD(C2-C7 Cobb>10°,CL>10°,cSVA>4cm,CBVA>25°) patients >18yr with surgical and NDI data were included.
Invasiveness was calculated using an invasiveness index specific for CD Surgery. Invasiveness scores were calculated within the
frail(F,0.3-0.5) and severely frail(SF,>0.5) states. Logistic regression analysis assessed the relationship between increasing
invasiveness, no reoperations, and meeting MCID in any HRQL at 1Y. Decision tree analysis assessed thresholds for an invasiveness
risk-benefit cutoff point, above which experiencing a reoperation or not reaching MCID were higher.

Results: 159 pts met inclusion criteria. There were 3NF, 34F, and 77SF pts. For all pts, regression analysis found a significant
relationship between increasing invasiveness & revision surgery(1.02[1.00-1.03] p=0.03).Within F and SF subgroups, the results
were:(1.01[0.99-1.03] p=0.37) and (1.02[1.00-1.04] p=0.045). Defining no reop or meeting MCID for any HRQL at 1Y as a favorable
outcome, decision tree analysis established an invasiveness risk-benefit cutoff of 46.8. Pts below this cutoff were 1.75[0.77-
3.96](p=0.18) times more likely to meet MCID & no reop. Invasiveness above this cutoff point was a negative predictor,(0.57 [0.25-
1.29], p=0.18). For F pts only, risk benefit cutoff was 66.6: (above:3.08[0.73-17.8]p=0.21) vs. below:0.33[0.06-1.88]p=0.21). For SF
pts, risk benefit cutoff was 46.8: (above:1.82[0.65-5.06]p=0.25 vs. below:0.55[0.20-1.54]p=0.25).

Conclusions: Increasing invasiveness is associated with increased odds of major complications and reoperations. A risk/benefit cut
off for decreasing major complications/reoperations and meeting MCID was found to be 79.3 for NF patients, 111 for F patients,
and 53.3 for SF patients. Above these thresholds, increasing invasiveness is associated with increasing the risk of major
complications or reoperations and not meeting MCID at 3Y.
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Figure 1

Table 1. Factors Included in Cervical Deformity Invasiveness Index.

Surgical Factors Points Assigned
ACDF 2 points per level
Corpectomy 4 points per level
Levels Fused 1 point per level
Implants 1 point per implant
Posterior Decompression 2 points per level
Smith-Peterson Osteotomy 2 points per level
Three-Column Osteotomy 8 points per level
Fusion to upper cervical spine 2 points
Revision Status 3 points

052

Does prophylactic foraminotomy reduce the occurrence of postoperative C5 palsy in reconstruction surgery using cervical pedicle
screw?

Terumasa lkeda?, Hiroshi Miyamoto?, Masao Akagi'

IKindai University Hospital, Orthopaedic surgery, Osaka, Japan

Question: C5 nerve palsy is an annoying complication in surgery for cervical myelopathy, and the incidence was reported to occur
in several percent. However, the precise mechanism is still unclear. Several papers have reported that posterior reconstruction
surgery using screw-rod system such as cervical pedicle screw (CPS) causes a higher frequency (12-50%) of postoperative C5 nerve
palsy compared with conventional laminoplasty. For preventing the palsy, prophylactic foraminotomy may be performed. However,
it is unclear whether the prophylactic foraminotomy at C4/5 reduces the occurrence of postoperative C5 palsy.

Methods: Thirty-seven patients who underwent correction surgery using CPS (21 male.16 female, a mean of 71 years old) were
enrolled. For the cases accompanying with preoperative foraminal stenosis at C4/5 on CT image, prophylactic foraminotomy was
performed. The patients were divides into two groups; group P (postoperative C5 palsy occurred) and group NP (no palsy).The
duration until the palsy was recovered was investigated.Statistical analyze in respect to correction angle of kyphosis, correction of
C2-7 angle, the presence of preoperative foraminal stenosis at C4/5 on CT, and the posterior shift of the spinal cord on MRI
between two groups was performed.

Results: Postoperative C5 palsy occurred in seven patients (18.9%). It took a mean of 2 months for complete recovery. The
frequency having the incidence was higher in those with bigger correction angle of kyphosis and the presence of preoperative
foraminal stenosis at C4/5 with statistical significance.

Conclusions: The prophylactic foraminotomy did not reduce the incidence of postoperative C5 palsy, however, it may reduce the
severity of the palsy because it took two months until full recovery. It was also indicated that the bigger kyphosis correction and the
presence of preoperative foraminal stenosis are the risk factors of C5 palsy in correction surgery using CPS.

053

Cortical breach detection in spine surgery: Novel use of diffuse reflectance spectroscopy

Gustav Burstrém?, Akash Swamy?, Jarich Spliethoff3, Benno H.W. Hendricks?, Oscar Persson?, Erik Edstrém?, Adrian EImi Terander!
IKarolinska Institute, Clinical Neuroscience / Neurosurgery, Stockholm, Sweden

2Delft Technical University, Delft, Netherlands

3Philips Research, Eindhoven, Netherlands

Question: To evaluate whether diffuse reflectance spectroscopy [DRS], at the tip of surgical instruments, is a feasible technology
for cortical breach detection when placing vertebral screws.

Methods: Lateral mass and pedicle screws are used in cervical fixation surgery. To avoid misplaced screws that could cause
neurovascular damage, a novel technology relying on DRS can be used. This technology can differentiate between different tissues
in the human body. If used at the tip of surgical instruments, breach detection could warn the surgeon before placing an inaccurate
screw.

Methods: Four cadavers were used to place pedicle screws with typical breaches (inferior, medial, lateral, and anterior). DRS
measurements were collected in the wavelength range of 400-1600 nm using a spectroscopic system built into the tip of a pedicle
probe. DRS data of the vertebral constituents, such as blood, fat and water, along with photon scattering coefficients were
analyzed.

Design: Cadaveric human laboratory study

Results: Four typical pedicle screw breaches were performed. In each case, the technology was able to detect a statistically
significant change in fat fraction between cancellous bone, cortical bone, and actualized breach. The mean fat fraction was 58.6 +
9.5 % in cancellous bone, 8.7 + 13.0% in cortical bone, and 46.5 £ 25.1% when breached. Impending breach could be reliably
detected within 3 mm from cortical border.

Discussion: Using DRS technology at the tip of surgical instruments, might be used for accurate spinal screw placement by warning
the surgeon before breaching the cortical bone. Further studies are needed to evaluate the technology in human subjects.
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Cervical spine morphology and ligament property variations: a finite element study of their influence on sagittal bending
characteristics

Jamie Baisden?, Jobin Daniels?, Narayan Yoganandan?, Gurunarhan Kumar?

Medical College of Wisconsin, Neurosurgery, Milwaukee, WI, United States

2Indian Institute of Technology, Dept of Engineering Design, Madras, India

Question: To Investigate the influence of variations in spine morphology on the flexion-extension responses at C5-C6, utilizing
mesh-morphing- based parametrization and metamodel-based sensitivity analysis.

Methods: The C5-6 segment was selected for the baseline model due to the higher incidence of degenerative disc disease and
trauma frequently seen at this level clinically. Flexion-extension bending was incorporated. Variations of intervertebral disc height,
facet joint slope, facet joint articular process height, vertebral body anterior-posterior depth, and segmental size were
parametrized. In efforts to make the model more physiologic, material property variations of the ligaments were considered for
sensitivity analysis. The influence of these variations on vertebral rotation and forces in the ligaments were analyzed.

Results: The disc height, segmental size, and vertebral body depth were found to be the most influential with respect to
morphologic variations. Whereas of the ligament material property variations, the capsular and ligamentum flavum showed more
influence on vertebral rotation.

Conclusions: Using this type of finite element analysis to determine a more "physiologic" and dynamic sagittal bending model at
C5-C6, we have shown that changes in disc height influence the posterior ligaments; hence, changes in the anterior load bearing
column of the spine could have consequences on the posterior column. This has clinical significance and implications when we
select interbody disc space implants.
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Is it possible to place accurate C2 screws without spinal computerized navigation?

Carlos Ribeiro?, Rui Reinas?, D'jamel Kitumba?, Oscar L. Alves'?2

ICentro Hospitalar de Vila Nova de Gaia/Espinho, Neurosurgery, Vila Nova de Gaia, Portugal
2Hospital Lusiadas Porto, Neurosurgery, Porto, Portugal

Question: Is it possible to place accurate C2 screws without spinal computerized navigation?

Methods: Observational cohort of patients to evaluate C2 screw accuracy placement.

Twenty-three consecutive patients treated by a single surgeon were identified. C2 screws were inserted under lateral fluoroscopy
guidance. Accuracy was assessed on postoperative CT scans according to Gertzbein and Robbins classification (GRGr). Additionally,
the final axis of the screw was compared to an optimal lateromedial trajectory angle, as it could have been defined if navigation
system was used. It was also measured the A angle (difference between the optimal and the obtained angles). All data was
statistically analysed using IBM® SPSS® Statistics 25.

Results: A total of 21 C2 transpedicular screws were placed. The postoperative CT findings showed GRGr A in 52.4% (n=11), GRGr B
in 23.8% (n=5), GRGr Cin 19.0% (n=4) and GRGr D in 4.8% (n=1). No screw malpositioning GRGr E was observed.

Concerning C2 translaminar screws, a total of 22 were inserted and we obtained GRGr A in 90.9% (n=20) and GRGr B in 9.1% (n=2).
In misplaced transpedicular screws (GRGr C or D), the ideal lateromedial angle was significantly higher (p=0.037).

The mean A angle was 17.992 (+ 12.2) in transpedicular screws and 2.42 (+ 13.6) in translaminar screws. There was no statistically
significant difference (p=0.92) between the A angle and the screw accuracy. No neurovascular injury occurred.

Conclusions: Without using spinal computerized navigation, C2 screws can be placed effectively and safely. Inserting translaminar
screws increases the placement accuracy over transpedicular screws. Even if the screw trajectory is not optimal, as could be
afforded by navigation, this does not translate into significant cortical breaches.

Furthermore, C2 pedicle with a more medial angulation are prone to screw defective placement, which demands a more lateral
exposure or the use of cannulated screw.
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Cervical sagittal balance compensation mechanisms after lower cervical spine total disc replacement (TDR)
Rui Reinas?, D'jamel Kitumba®?, Oscar L. Alves?3

1Centro Hospitalar Vila Nova de Gaia/Espinho, Neurosurgery, Vila Nova de Gaia, Portugal

2Centro Hospitalar Vila Nova de Gaia/Espinho, Vila Nova de Gaia, Portugal

3Hospital Lusiadas Porto, Porto, Portugal

Objective: To study the effect of C5-6-7 TDR on C0-2 and C5-7 functional units under different SVA scenarios

Introduction: Recent biomechanical studies suggest that an increase in SVA leads to compensatory hyperextension at C0-2 and
hyperflexion at C5-7 to maintain horizontal gaze. The effect of total disc replacement (TDR) at C5-6-7 on this compensatory
mechanism is still unknown.

Methods: Methods: Observational cohort study of patients submitted to TDR at C5-6 and/or C6-7. We studied demographic data,
sagittal balance parameters (SVA, and T1 slope), C0-2, C5-6, C6-7 and C5-7 functional units angles. Pre/post-OP neutral lateral x-
rays were analyzed using the SECTRA® software. Statistical analysis was done with SPSS® v23.

Results: Results: Thirty-one patients were studied, of which 26 were females. Mean age of 48 years (range 31-64), and a mean
follow-up of 30 months. Forty-four levels were treated with TDR.

In all groups there was an increase of lordosis at index level (C5-6: A4.7+5.92; C6-7: A3.5%5.62) with loss of lordosis at non-operated
levels (C6-7: A-0.4+4.49; C5-6: A-2.615.19). Nevertheless, and increase of lordosis for the C5-7 unit was found (A3.4+5.79).

An increase in lordosis at C5-6 index was correlated with C0-2 extension (p=0.016, r=0.41). A direct linear relationship was found
between pre-OP SVA and C0-2 for index C5-6 (p=0.11), with a statistical significance for C6-7 as index (p=0.037).

Conclusions: Conclusions: Cervical TDR at lower cervical spine increased lordosis at index levels and C5-7 functional unit. An
increase in pre-operative SVA was associated with compensatory CO-2 hyperextension and with a C5-7 gain in lordosis.

P4
Anatomy of the dens and its implications for fracture treatment: an anatomical and radiological study

Jan Tulik?, Petr Nesnidal, Ondfej Nafika?, Martin Podhrésky?, Gabriela Hodasova3, Petr Fojtik?, Sorhab Virk*

IFaculty of Medicine, Charles University and Teaching Hospital Motol, Department for Spinal Surgery, Prague, Czech Republic
2First Faculty of Medicine, Charles University, Institute of Anatomy, Prague, Czech Republic

3Faculty of Medicine, Charles University and Teaching Hospital Motol, Department of Imaging Methods, Prague, Czech Republic
4Hospital for Special Surgery, New York, NY, United States

Question: The most common injuries to the upper cervical spine are fractures of the dens axis. Therefore, the purpose of our study
was to answer three questions, namely (1) whether the size of the dens is adequate at all levels to accommodate two screws, (2)
what the angle of the posterior tilt of the dens is in a healthy individual and (3) compare the measured variables between the
sexes.

Methods: The cohort comprised 50 males and 50 females CT examination of the craniocervical junction. We measured the five
diameters of the dens and posterior dens angulation angle (PDAA) and screw insertion angle (SIA). The same dimensions were
measured in a control group, consisting of 40 non-pathological second cervical vertebrae specimens.

Results: On CT scans, the mean PDAA was 162.7 degrees in males and 160.26 degrees in females; the mean SIA was 62.0 degrees in
males and 60.2 degrees in females. On specimens, the mean PDAA was 169.47 degrees in males and 166.95 degrees in females; the
mean SIA was 65.42 degrees in males and 64.47 degrees in females. All obtained values were higher in males; regardless of their
measuring on either CT scans or specimens, differences between males and females were statistically significant (p < 0.05) in a, ¢, d
and e values.

Conclusions: The values of our measurements correlate with the dimensions identified previously in other studies. Based on our
clinical experience and measurements, we presume that two 3.5-mm screws can be inserted into the dens of all adult patients,
except for those with pronounced anatomical anomalies. Posterior dens angulation angle is slightly larger than we expected. The
dens is significantly larger in males almost in all measurement.

Figure 1
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Figure 2
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The impact of different artificial disc heights on the facet joint during cervical disc replacement: a finite element study
Xiaofei Wang?, Hao Liu?, Yang Meng?

1West China Hospital, Sichuan University, Department of Orthopaedic Surgery, Chengdu, China

Question: The principles of choosing an appropriate height implant remain controversial in cervical total disc replacement (c-TDR).
Previous biomechanical studies have shown the impact of implant height on the range of motion and intervertebral disc pressure,
while the impact on the posterior column has not been reported specifically. The objective of this study was to explore the impact
on facet joint biomechanics and morphology and therefore to offer valid proposals regarding the selection of the appropriate
implant height during c-TDR.

Methods: We generated a finite element model of the intact cervical spine (C2-C7) using the CT scans of a cadaveric specimen. Our
model predictions were validated by cadaveric biomechanical testing. The validated model was altered to implant semi-constrained
artificial discs at the C5/C6 level. The effects of 5mm, 6mm and 7mme-height implants on facet joint pressure, ligament tension,
facet joint angle, facet joint area, and facet joint articulation overlap were examined.

Results: 5mm and 6mm-height implants slightly affected the biomechanical and morphological properties of facet joints. 7 mm
implant strongly altered the properties of the facet joint at the C5/C6 level. Ligament tension, facet joint pressure and facet joint
angle increased along with the increment of implant height, while facet joint area and articulation overlap exhibited an opposite
trend. 7mm implant could affect the properties of facet joints at adjacent levels.

Conclusions: This study suggested that an appropriate height artificial disc can achieve near-normal biomechanical and
morphological properties and is recommended. We should be very cautious if using artificial discs 21mm in height compared with
normal. However, implants 22mmin height compared to normal significantly altered the properties of facet joints; therefore, it
should not be used in clinical practice.

P6

3D printed anatomical models of severe cervical deformity: a new tool for surgical planning and intraoperative surgery guidance
Federico De lure?, Michele Cappuccio?, Luca Amendola’, Maurizio Ortolani?, Claudio Belvedere?, Alberto Leardini?

10spedale Maggiore, Spine Surgery Dept., Bologna, Italy

?Istituto Ortopedico Rizzoli, Laboratorio Analisi del Movimento, Bologna, Italy

Question: Surgery for severe cervical deformity is often challenging, even when a navigation system is available, mainly because
reference anatomical landmarks can be lost during surgery. This happens because of the altered connection among vertebrae and
because of the anatomical deformity of every single vertebral body. Performing a trial surgery (including decompression,
stabilization, osteotomies) on a 1:1 scale plastic model is expected to give valuable indication on the feasibility and practicability of
the planned procedure. Furthermore corresponding 3D anatomical models, folded in a sterile bag, can be brought in to the OR and
can be seen and manipulated by the surgeon whenever required during the procedure.

Methods: Medical imaging analysis was performed by manual semi-automatic segmentation of each single image of the Dicom file
to obtain 3D models of the cervical spine, both as a single segment aggregating from C1 to T1, together with the eight isolated
vertebrae. These models were printed in 3D in P430 ABS Plus, slicing height 0,25 mm. This represented well the external surface of
the bones, in the exact overall spine deformity condition of the patient.

Results: A surgery trial was first performed on the 3D model (including drilling, tapping, screws placement, rods bending and
laminectomy). Pre-bent rods were than removed from the model and sterilized the day before surgery to be employed during the
operation, this resulting in time saving and great semplification of the surgical procedure. Surgery consisted in double approach
decompression and fusion from C2 to T1. The 3D anatomical model was present in OR and used for quick consultation to decide
screws direction and extension of laminectomy.

Conclusions: Simulated surgery on a 3D anatomical model resulted to be very helpful both in pre-operative planning and during
surgery. The material employed allows to perform a complete surgical procedure on a 1:1 scale model, including decompression
and stabilization by metal hardware.
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Teriparatide anabolic therapy as potential treatment of type Il dens non-union fractures
Francesco Ciro Tamburrelli', Enrico Pola®

1Catholic University of Rome, Spine Surgery Department, Rome, Italy

Question: Type Il odontoid fractures are the most common type in the elderly. Treatment options remain controversial. The aims
of treatment in the elderly is the quick recovery while decreasing morbidity and mortality. Several studies reported that
administration of Teriparatide (PTH-1,34, 20 ng per day) is able to stimulate bone formation and to induce fracture healing.

How effective is anabolic therapy with Teriparatide in the treatment of type Il dens delayed and/or non-union fractures?

Methods: We present a case series of 10 patients with C2 fractures with posterior displacement treated conservatively because of
non-eligibility for surgery and/or refusal of it and not healed after 3-6 months. The mean age was 73 years old (64-81). Seven still
had an area of contact between the two fragments 3-6 months after injury, they were informed and administered with Teriparatide
off label for 3 months (1,34 PTH; 20 ng/day).

All patients showed lack of callus on CT scan images taken at 3-6 months after injury with a mean distance between the fragments
of 4mm (3 to 6mm). A further control CT scan was carried out 3 months after the drug administration to evaluate its effect on the
healing process.

Results: At 45 days of therapy all patients showed radiologic evidence of callus formation and after 3 months they showed
complete consolidation of the fracture on the final CT.

Conclusions: The successful outcome of our study seems to suggest a potential role of Teriparatide in the treatment of the delayed
union of C2 fractures in elderly patients. The co-morbidities typical of the elderly population and the complications related to
surgery could support the use of the drug as a conservative treatment option. Of course, our exciting preliminary data on a small
series of patients need confirmation and further studies based on a larger population and on prospective randomized trials.

Cervical deformity and sagittal balance

P8

Postoperative reciprocal changes in global spinal alignment after occipitospinal fusion and risk factors of horizontal gaze difficulty
Shuichi Kaneyama?, Masatoshi Sumi?, Koichi Kasahara?, Aritetsu Kanemura?, Hiroaki Hirata!, Masaaki Ito*

1Kobe Rosai Hospital, Orthopaedic Surgery, Kobe, Japan

Question: Proximal reciprocal change of global spinal alignment after thoracolumbosacral fixation has been well reported. On the
other hand, distal reciprocal change of global spinal alignment after occipitothoracic fusion (OTF) are still unclear, nevertheless
difficulty in horizontal gaze can occur depending on the change in thoracolumbosacral alignment since neck mobility is completely
lost after OTF. The purpose of this study is to investigate reciprocal change of global spinal alignment and risk factors of horizontal
gaze after OTF.

Methods: Sixteen patients who underwent OTF and followed over 1 year were included (male/female: 1 case/15 cases, mean age:
69.6 y.o.,mean follow-up period: 3.1 years). We measured cervical and global spinal sagittal alignment on preoperative,
postoperative and follow-up radiograms and investigate the chronological changes of the alignments after OTF. In addition, the
alignments were compared between the cases with the difficulty in horizontal gaze (group NG) and without it (group G).

Results: T1 slope (T1S) and COG-C7 SVA did not show significant change between pre- and postoperative radiogram, but
significantly increased in follow-up (T1S: 29.7 degrees to 36.7 degrees, COG-C7 SVA: 28.4mm to 43.9mm) (p

Conclusions: In the cases after OTF, T1S and COG-C7 SVA increased during follow-up, although there had no change of global spinal
alignment. This result indicates fixed occiputocervicothoracic component tended to be anteverted during follow-up, and
compensatory change in thoracolumbar spine was not expected. In addition, postoperative COG-C7 SVA of 35mm or more was
shown to be a risk factor of difficulty in horizontal gaze. Therefore, not only occipitocervicothoracic alignment but global spinal
alignment should be carefully considered at the planning of OTF.
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Impact of cervical kyphosis on the results of selective laminectomy in patients with cervical spondylotic myelopathy

Ken Ninomiya?!, Ryoma Aoyama?, Satoshi Nori?, Junichi Yamane?, Kazuya Kitamura?, Seiji Ueda®, Hiraku Hotta>, Ukei Anazawa?,
Tateru Shiraishi®

1Tokyo Dental College Ichikawa General Hospital, Orthopedics Surgery, Ichikawa, Japan

’Murayama Medical Center, Tokyo, Japan

3Saiseikai Toubu Hospital, Orthopedics Department, Yokohama, Japan

4Kawasaki Municipal Hospital, Orthopedics Department, Kawasaki, Japan

>Tokyo Dental College Ichikawa General Hospital, Rehabilitation Department, Ichikawa, Japan

®Shiraishi Spine Clinic, Tokyo, Japan

Question: Selective laminectomy (SL) has been reported to minimize the surgical invasiveness for cervical spondylotic myelopathy
(CSM) without disturbing the deep extensor muscles and facet joints. However, a limited number of SLs might decrease posterior
spinal cord shifting (PSCS) and exacerbate the results of surgery, especially in patients with kyphosis. This study aimed to
investigate the features of SL to treat CSM with kyphosis.

Methods: Patients with CSM who underwent SL with a follow-up period of 22 years were included in this study. The patients who
had C2—-C7 angle <0° were assigned to the K group, whereas age-matched patients without this characteristic angle were assigned
to the non-K group (Figure 1). Patients who showed kyphotic changes in the C2—C7 angle >10° after surgery were assigned to the KC
group, whereas those without these changes were assigned to the non-KC group (Figure 1). Comparison studies were performed
between the K and non-K groups, as well as between the KC and non-KC groups. PSCS was calculated at the most stenotic level
using sagittal MRI, and its clinical features were investigated (Figure 2).

Results: The K group showed a significantly smaller C2—C7 angle and C7 tilt than the non-K group (Table 1). The KC group showed a
significantly lower JOA score and a larger C2—C7 angle and C7 tilt (Table 2). The degree of PSCS was significantly associated with
the number of laminectomies without having an impact on the JOA recovery rate (Figures 3 and 4; Table 1).

Conclusions: Preoperative kyphosis in patients with CSM following SL did not affect PSCS, surgical results, or the frequency of
kyphotic changes. Conversely, PSCS significantly increased in proportion to the number of laminectomies without clinical impacts.
Unexpectedly, a kyphotic change after SL is more likely to occur among patients with a larger cervical lordosis without any effects
on surgical outcomes. Thus, the present study suggests that the presence of kyphosis does not preclude the indications for SL to
treat CSM.

Figure 1
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Figure 1. Kyphosis and kyphotic change after selective laminectomy. {A) The

preoperative C2-C7 angle <0° was defined as kyvphosis, (B) A decrease in the 02-(17

angle =107 alter selective laminectomy was defined as a kyphotic change,
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Figure 2
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Figure 5

Figure 6

Table 1, Comparison analysis hased on the presence of kyphosis

Variables fpou b Lirelgt non I pvalue
n (%) or mean = 850 n (%) or mean = 8D
Number of pationts 30012.7 207 (87.3)
Age lyears) GLE® 148 Gl.G=09 Lo
Gender @41
Males 18 (7.6} 141 {59.5)
Females 12 (5.1 66 (278}
Follow-up peviod (montha) 44.2+ 8.4 475+ 8.4 0.24
Number of laminectomies 26+1.0 =09 .41
Preaperative JOA score 11.5+286 11.6+2.3 .78
Postoperative JOA seore 138419 140421 .67
JOA recovery rate (%) 126 =258 A8 = 304 (.82
C2-C7 angle (%)
Neutral -8.7+0.0 15.2=10.7 <0.01°
Flexion “2LS 186 T8+ 118 ="
Extension 15,04 14.5 2894113 <0.01”
RN (%) 6.9 15.9 6.7 139 0.95
207 SVA {mm) 20,7+ 13.4 205=12.0 .94
C7 ile ) 15.6=85 25485 <0017
PECS (mm) 1709 1.7£1.1 091

Group K. those who had preoperative kyphosisi group non-K, those who did not have

preoperative kyphosis. ROM, range of motion: C2-C7 8VA, C2.07 sagittal vertical axis

PECS. posterior spinal

“Statistically significant

cord shifting: JOA, Japanese Orthopaedic Association.

Tahle 2. Comparison analysis based on kyphotic changes

Group KC

Group non-TC

Variables n %) or mean = 50 n 1%} or mean = 5D patue
Number of patients 21 (8.9) 216 {91.1)
Age {years) 99.9 £ 10.7 RS
Genider 0.47
Males 16 (6.8} 143 160.3)
Females 2.1 73 (30.8)
Follow-up peried fmonths) 18.3+21.5 46.3+21.0 0,60
Number of laminectomies 2808 2609 0.54
Presence of preoperative kyvphosis 209.5) 28 (1300 093
Preoperative JOA score 103 2.6 11.7£23 0.01°
Postoperative JOMA score 1365243 141240 0.2
JOA recovery rate (%) 469 £ 27.7 43,5 £ 300 061
C2-C7 angle (%)
Meutral 17.94 15.0 1154126 .03
Flexion 0.9 = 16.3 0454 126 .40
Extension 275+ 132 27.1+1286 0.91
ROM (%) 374+ 16.6 A6.7=139 0.53
C2-07 SVA tmm) 23.4+11.0 20.3=12.3 0.25
CTtilt () 280+ 8.8 25800 0.04°
PSCS (mm) 14+10 17£1.1 .30

Group KC. those who had pestoperative kyphotic change! group non- KO, those who did

not show pestoperative kyphotic change, ROM, range of motion: C2-07 8VA, C2-07

sagittal vertical axis, PSCS, posterior spinal cord shafting: JOA. Japanese Orthopaedic

Association. “Statistically significant
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Dropped Head syndrome requiring reconstruction surgery after cervical laminoplasty: Report of three cases and review of the
literature

Shigeo Ueda?, Nobuhiro Sasaki', Tomoaki Fujita!, Miyuki Fukuda®, Masayuki Kuroda?, Hiroaki Manabe?, Minoru Hoshimaru?
IKatano Hospital, Shin-ai Kai Spine Center, Katano, Japan

Question: Introduction: Dropped Head Syndrome (DHS) is characterized by severe weakness of the neck extensor muscles with or
without involvement of the neck flexors. Most of the DHS is caused by a specific generalized neuromuscular diagnosis.

This causes the chin to rest on the chest in standing or sitting, where persistent chin to chest deformity may gradually cause or
aggravate preexisting degenerative changes of the cervical spine and ultimately result in myelopathy.

DHS after cervical laminoplasty (LAMP) is a rare complication. We present three patients who developed severe DHS after LAMP
despite having no preoperative cervical sagittal malalignment.

Methods: Case presentasion: These three cases underwent LAMP for cervical spondylotic myelopathy. They achieved satisfactory
improvement of neurological symptoms immediately after surgery. However, they exhibited a dropped head and complained of
difficulty maintaining horizontal gaze. Postoperative images showed cervical kyphotic deformity causing anterior shift of the head.
Results: After LAMP, in accordance with decreases in their cervical lordosis, their head shifted anteriorly. The abnormal lever arm
acting on the neck put further stress on the neck extensors, and the overstretched neck extensors possibly no longer generated
enough power to raise the head. Uncompensated very high T1 slope because of marked thoracic kyphosis plus invasion of the
posterior extensor mechanism by LAMP may have contributed to their catastrophic DHS development. one patient had a C2-T2
anterior and posterior fusion, C4-7 anterior and posterior fusion and C2-T4 anterior and posterior fusion surgery and successfully
managed with extension of the constructs.

Conclusions: Conclusions: In the treatment of cervical myelopathy, posterior decompression alone should be applied carefully with
cervical sagittal imbalance even if they have apparent cervical lordosis.

P11

The relations with cervical kyphosis change and sagittal global alignment to occur after cervical laminoplasty
Norichika Yoshie', Teruhumi Kokabu?, Yuichiro Abe?, Yuki Okamura?, Yasushi Yanagibashi!, Takahiko Hyakumachi®
LEniwa Hospital, Orthopaedics, Eniwa, Japan

Question: Postoperative cervical kyphosis after laminoplasty has been reported as complication of laminoplasty, however there are
few reports about the influence of preoperative global alignment to postoperative cervical alignment after laminoplasty. The
purpose of this study is to evaluate the risk factors related to postoperative cervical kyphosis after laminoplasty.

Methods: The subjects were 64 patients who underwent cervical laminoplasty for cervical spondylotic myelopathy and ossification
of the posterior longitudinal ligament. We evaluated the risk factors by comparing the progressive to kyphotic deformity group with
non-progressive group. We defined kyphotic deformity progressive group as postperative C2-7 angle of 0° or less from preoperative
angle of more than 0°. Measurement parameters were sagittal alignment in preoperative cervical spine (flexion and extension
position), global sagittal spinal sagittal alignment.

Results: The progressive to kyphotic deformity group included 20 patients (31%) and non-progressive group included 44 cases
(69%). C2-7 angle in extension position, cervical lordosis(CL) and thoracic kyphosis(TK) significantly low in the progressive to
kyphotic deformity group (P<0.01, P<0.01, P=0.04, respectively) . The area under the curve (AUC) for these risk factors were
0.62, 0.71, 0.66, respectively. Using Youden index, the cut off value were 23.2 °,9.7°,30.2°respectively, and the sensitivity were
0.89, 0.90, 0.90, respectively and the specificity were 0.68, 0.52, 0.39, respectively. The other global sagittal alignment parameter
significantly had no difference.

Conclusions: The results indicated that preoperative cervical hypolordosis and thoracic hypokyphosis were risk factors of
postoperative cervical kyphosis deformity after laminoplasty. This study suggested that the postoperative cervical kyphosis after
laminoplasty was related with cervical and thoracic alignment without relating with the lumber and pelvic alignment.
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Morphologic change of the spinal cord according to correction of cervical kyphosis by surgical intervention
Shingo Aoyama?, Hiroshi Miyamoto?, Terumasa lkeda?, Masao Akagi'

1Kindai University Hospital, Orthopaedic Surgery, Osaka, Japan

Question: Correction surgery of cervical kyphosis can be done for the patients in whom the kyphosis causes myelopathy and/or
severe cervical deformity. In those cases, morphologic change of the spinal cord according to the correction of cervical kyphosis is
unknown.

Methods: Thirty-seven patients who underwent correction surgery using cervical pedicle screw (21 male.16 female, a mean of 71
years old) were enrolled. When coincided with canal stenosis, posterior decompression was performed before kyphosis correction.
Local kyphosis angle which was measured between two lines parallel to the upper and lower end plates constituting the kyphosis
were measured at pre- and post-operation on MRI (Figure). To measure the angle of the spinal cord, the mid points of the cord at
the extension of the upper and lower endplates and the beak of the local kyphosis were indicated (Figure), and the angle between
the lines constituting these dots were measured at pre- and post-operation (Figure). Width of the cord at the beak of kyphosis and
the distance of the posterior shift of the cord between at pre- and post-operation were also measured.

Results: There found correlation between the change of local kyphosis and the change of the spinal cord angle between at pre- and
post- operation. There also found correlation between the change of local kyphosis and the changes of the spinal cord width and
the posterior spinal cord shift between at pre- and post-operation.

Conclusions: This study, for the first time, has indicated the morphologic change of the spinal cord according to the correction of
cervical kyphosis by surgical intervention. That is, the morphology of the cord may be got back in shape after correction surgery for
cervical kyphosis. It is important to perform posterior decompression before the kyphosis correction for avoiding iatrogenic cord
injury due to buckling of the cord. Correction surgery for cervical kyphosis, free of canal stenosis, provides good direct and indirect
decompression of the spinal cord.

Figure 1

Pre-op Post-op
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Outcomes of correction surgery using cervical pedicle screw for dropped head syndrome
Hiroshi Mlyamoto?, Terumasa lkeda®, Masao Akagi®

1Kindai University Hospital, Orthopaedic Surg., Osaka, Japan

Question: Dropped head syndrome (DHS) is a rare clinical entity which is defined as a chin-on-chest deformity in the standing or
sitting position, resulting from sagittal imbalance of the cervical region. DHS disturbs the patient"s quality of life because they
hardly gaze horizontally. Surgical intervention is a therapeutic option, and posterior fixation using cervical pedicle screw (CPS) is a
gold standard to correct such severe kyphotic deformity. However, outcomes of correction surgery for DHS using CPS is unknown.
Methods: Sixteen DHS patients [2 male and 15 female, with an average age of 76 years] who underwent correction surgery using
CPS were enrolled. Seven cases underwent posterior surgery, and nine with rigid kyphosis required anterior release, cage insertion,
and posterior fixation. Extent of the fixation involved any drivers in the cervical and thoracic spine. Spino-pelvic lateral radiographs
in the standing position were taken. Parameters such as C2-7 angle, C2-7 SVA, and T1 slope were measured, and the parameter
changes between pre- and post-operation were also examined. Complications such as spinal cord injury, C5 palsy, proximal/distal
junctional kyphosis (PJK, DJK) non-union were investigated.

Results: All patients who underwent correction surgery were able to gaze horizontally after surgery. No spinal cord injury was
observed. Three transient C5 palsy, one DJK were found. No non-union was observed. Pre-/post-operative C2-7 angle (degree) and
C2-7 SVA (mm) were; -35.9+21.1/8.6+7.6 and 56.7+20.4/27.6+17.0 respectively, and these changes showed statistical significance.
On the other hand, Pre-/post-operative T1 slope (degree) was 23.4+19.3/27.149.8, and the change did not reach to statistical
significance.

Conclusions: In this study, we have indicated the outcomes of correction surgery using CPS for DHS. Because of the older age of the
patients, several patients did not agree with surgical intervention, however, surgery brought good clinical and radiological
outcomes with fewer complications.
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Changes in the quality of life of patients operated on for kyphotic deformity of the cervical spine, depending on the parameters of
the local sagittal balance of the cervical spine

Vladimir Klimov?, Vladislav Kelmakov?, Aleksey V. Evsyukov?, Evgeniy Loparev!, Murodzhon Kosimshoev?, Evgenia Amelina?
1Federal Center of Neurosurgery, Spinal, Novosibirsk, Russian Federation

2FGBUN Institute of Computational Technologies SB RAS, Information Technology, Novosibirsk, Russian Federation

Question: to study the effect of the parameters of the sagittal balance and the quality of life patients operated with kyphotic
deformity of the cervical spine.

Methods: 25 patients was operated with kyphotic deformities of the cervical spine (42% - women, 58% - men) in ours clinic in
2014-2018. The average age 35.3 + 14 years. The mean follow-up period was 25.4 + 11.3 months. The evaluation of the
neurological status was performed the scale of the JOA, EMS. The pain was assessed by a VAS, the quality of life, the NDI
questionnaire was used. Clinical outcomes were assessed by the modified Macnab criteria. Neuroimaging methods: MRI, CT and X-
ray. According to the radiography the evaluation was performed: Sagittal vertical axis (SVA) C2-C7, SVA center gravity of head (CGH)
-C7, C1-C2 lordosis, Cobb angle C2-C7, Spino-cranial angle (SCA), Thoracic inlet angle TIA), Neck tilt (NT), T1 slope, C7 slope, Cranial
incidence (Cl), Cranial slope (CS), Cranial tilt (CT). Statistical analysis was conducted using Welch's t-test, Mann—Whitney and
Fisher"s exact test (R software).

Results: all patients had a positive clinical outcome, VAS scores (p = 0.00012), NDI (p = 9.53E-05), JOA (p = 0.00057), EMS (p =
0.00063) significantly changed in comparison with preoperative results. The relationship between center SVA gravity of head (CGH)
-C7 with clinical indices of VAS (p = 0.002), NDI (p = 0.04) and clinical outcomes on the Macnab scale (p = 0.009) was revealed. Cobb
angle C2-C7 (p = 0.00782), Spino-cranial angle (SCA) (p = 0.00715), C7 slope (p = 0.05287) in the postoperative period were
compared with preoperative values.

Conclusions: the SVA gravity of head (CGH) -C7 parameters of the regional cervical sagittal balance have a correlation with the
clinical indices of VAS, NDI, and the clinical outcomes on the Macnab scale.
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Radiographic and clinical outcomes can correlate in cervical deformity correction: a discriminant analysis of HRQL outcomes and
correlation with an established morphological classification

Renaud Lafage?, Peter Passias?, Jingyan Yang?, Eric Klineberg?, Gregory Mundis®, Themistocles Protopsaltis?, Christopher Shaffrey®,
Shay Bess®, Han Jo Kim?, Christopher Ames’, Frank Schwab?, Justin Smith®, Virginie Lafage?, International Spine Study Group (ISSG)?,
Sohrab Virk!

LHospital for Special Surgery, New York, NY, United States

2NYU Langone Orthopedic Hospital, Department of Orthopedic Surgery, New York, NY, United States

3University of California, Davis, Department of Orthopedic Surgery, Davis, CA, United States

4Scripps, Department of Orthopaedics, La Jolla, CA, United States

>University of Virginia, Department of Neurosurgery, Charlottesville, VA, United States

¢Denver International Spine Center, Denver, CO, United States

“University of California, San Francisco, Department of Neurological Surgery, San Francisco, CA, United States

8ISSG, Denver, CO, United States

Question: There is an increasing appreciation of the complexity and heterogeneity of CD patients. Notably, broad variability in
presentation with regards to the effect of functional status and quality of life exists. Our objective was to characterize clusters of
CD from a health related quality of life perspective

Methods: Adult CD patients with preoperative HRQL scores were included. Factor analysis categorized individual clinical
characteristics from SWAL-QOL, NDI, and mJOA into four independent factors, followed by a latent class analysis (LCA) to assign
patients into homogeneous classes of clinical outcomes. One-way analysis of variance (ANOVA) assessed differences in
demographics, HRQL scores, and radiographic alignment across classes

Results: 137 patients (61+10 years, 61% female) were included. Polychoric correlations identified four independent factors:
1=difficulty with dysphasia/swallowing, 2=Neck Pain, 3=fatigue and sleep, and 4=physical function and myelopathy. The LCA
identified 4 classes of distinct patients. Class 1 (n=13, 9.5%) and 3 (n=55, 40.1%) had the greatest disability in NDI (68117), sleeping,
and myelopathy, with Class 1 presenting additional impairment in dysphasia and swallowing (SWAL scores<54.9). Class 2 (n=38,
27.7%) showed small dysphasia/swallowing impairment, and moderate levels of disability in other domains. Class 4 patients (n=31,
22.5%) had the lowest neck disability (NDI 43£16), and presented no issue in other domains. The distribution of deformity
morphotypes was different across classes (p=0.009): 66.7% of CT deformity in Class 1, 50% of focal deformity in Class 3, and resp.
42% and 50% of flatneck (TS-CL and a lack of compensation) in Classes 2 and 4.

Conclusions: Distinct patterns of specific clinical deficits were observed across a heterogeneous population of CD patients. These
findings form a potential basis for a future CD classification system rooted in clinical outcomes.

Figure 1
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Intraoperative alignment goals for severe cervical deformity to achieve optimal improvements in health-related quality of life
measures

Sohrab Virk?, Peter Passias?, Renaud Lafage?, Eric Klineberg?, Gregory Mundis?®, Themistocles Protopsaltis?, Christopher Shaffrey >,
Shay Bess®, Han Jo Kim?, Christopher Ames’, Frank Schwab?, Justin Smith, Virginie Lafage?, International Spine Study Group (ISSG)?
LHospital for Special Surgery, New York, NY, United States

2NYU Langone Orthopedic Hospital, Department of Orthopedic Surgery, New York, NY, United States

3University of California, Davis, Department of Orthopedic Surgery, Davis, CA, United States

4Scripps, Department of Orthopaedics, La Jolla, CA, United States

>University of Virginia, Department of Neurosurgery, Charlottesville, VA, United States

éDenver International Spine Center, Denver, CO, United States

“University of California, San Francisco, Department of Neurological Surgery, San Francisco, CA, United States

8/SSG, Denver, CO, United States

Question: Patients with severe cervical deformity (sCD) have deficits in activities of daily living. Association between health status
and radiographic goals of surgery is difficult to quantify. We aimed to quantify radiographic goals that correlated with enhanced
post-surgical outcomes

Methods: Patients with sCD were isolated based upon a previously presented combination of radiographic parameters and
grouped into 3 patterns of CD: focal deformity (FD), flatneck (FN), or cervicothoracic (CT). Post-operative outcomes were defined as
"good" if a patient had >2 of the 3 following criteria (1) NDI <20 or meeting MCID, (2) mild myelopathy (mJOA>13), and (3) NRS-
Neck <5 or improved by >2 points from baseline. We compared patients with good versus poor outcomes via Chi-squared or
student"s t-tests

Results: 40/105 patients met the criteria of sCD and had 1-year FU. Patient breakdown by deformity pattern was: CT (N=13), FN
(N=17), and FD (N=17), with 7 patients meeting criteria for both FD and FN. For FD patients, focal kyphosis was corrected in
patients with a "good" outcome (p = 0.03). In the FN cohort, patients with "good" outcomes had worse preop horizontal gaze
(p=0.061) and cSVA (p=0.030) and had greater postop correction of horizontal gaze (p = 0.031). CT patients with "good" outcomes
had larger global alignment (SVA) both pre- (p <0.001) and postop (p=0.001), better postop cervical alignment (cSVA, p=0.030), and
less postop kyphotic segments in extension (p=0.011). In the FD cohort, "good" outcome patients showed improved postoperative
focal kyphosis (p=0.030). In 3 deformity patterns categories, there were no differences between "good" and "poor" outcome
patients in demographic or surgical parameters (all p>0.050)

Conclusions: These results show intra-operative goals for 3 sagittal morphotypes of sCD. Intra-operative goals include obtaining
proper sagittal global/cervical alignment for CT patients, correcting max focal kyphosis in FD patients, and correcting horizontal
gaze for FN patients
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Upper thoracic versus mid-thoracic lower instrumented endpoints have similar radiographic and clinical outcomes in cervical
deformity patients

Han Jo Kim?*, Mathieu Bannwarth?, Justin Smith?, Eric Klineberg?, Gregory Mundis®, Themistocles Protopsaltis®, Jonathan Elysee?,
Shay Bess®, Christopher Shaffrey 2, Peter Passias®, Frank Schwab?, Christopher Ames’, Virginie Lafage?!, International Spine Study
Group (ISSG)®

1Hospital for Special Surgery, New York, NY, United States

2University of Virginia, Department of Neurosurgery, Charlottesville, VA, United States

3University of California, Davis, Department of Orthopedic Surgery, Davis, CA, United States

4Scripps, Department of Orthopaedics, La Jolla, CA, United States

>NYU Langone Orthopedic Hospital, Department of Orthopedic Surgery, New York, NY, United States

®Denver International Spine Center, Denver, CO, United States

“University of California, San Francisco, Department of Neurological Surgery, San Francisco, CA, United States

8]SSG, Denver, CO, United States

Question: Often patients with CD require extensive fusions that extend into the thoracic spine. However, factors that influence the
treatment approach and level selection are poorly understood

Methods: A prospective CD database was analyzed for the following inclusion criteria: LIV between C7-T5 and a UIV of C2, and 1 yr
min follow up (f/u). Patient demographics, operative details, radiographic parameters and clinical outcomes were compared
between those with a LIV from C7-T2 (UT) versus T3-T5 (MT). X2 and independent samples T-Tests were performed for Statistical
Analysis

Results: 64 patients met inclusion criteria for the study and 46 were included in the analysis (avg. age 62, 58% Female, avg 1yr f/u)
with 22 in UT versus 24 in the MT groups. No differences were seen in age or revision case prevalence, EBL, Operative Time or
surgical approach (anterior, posterior, combined) types between groups. MT patients had a higher pre-op cSVA, TS-CL, Max
Kyphosis and T9PA and were treated with a larger number of PSOs (p<0.01). There was a larger correction in Cervical Lordosis (CL)
seen in the MT group (29 vs. 17, p=0.04) and larger changes in T4-T12 (9.6 vs. 0.0, p<0.01). No differences were seen in DJK
(p=0.22) or rates of revision surgery (5% vs. 21%, p=0.19, UT — 1 for Neuro deficit, MT — 2 DJK, 2 Neuro deficit, 1 prominent
instrumentation). There were no differences in major or minor complications or in the rate of reoperations. No differences were
noted in NDI, mJOA or SWAL-QOL between groups at pre-op baseline values or at final follow up

Conclusions: Similar radiographic and clinical outcomes were noted in patients undergoing fusion to the UT or MT spine. MT
patients had larger pre-operative deformities evidenced by a larger cSVA, TS-CL and Max Kyphosis and were more likely to undergo
PSOs for treatment.
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Importance of the sagittal Occipitoaxial alignment in rheumatoid arthritis, clinical outcome and adjacent levels degeneration
analysis: A retrospective study on 35 patients treated by Occipitocervical stabilization

Maurizio Genitiempo?, Francesco Ciro Tamburrellil

1Fondazione Universitaria Policlinico Gemelli IRCCS, Rome, Italy, Spine surgery, Rome, Italy

Question: To evaluate the relevance of the alteration of the physiologic Occipitoaxial alignment in developing adjacent levels
degeneration in the subaxial spine, in patients stabilized due to an evolving symptomatic rheumatoid arthritis.

Methods: We present a retrospective study on a series composed of 35 patients, treated between 1992 and 2018, affected by
rheumatoid arthritis with localization to the atloaxial joint. Patients were classified, according to Steinbrocker classification for
rheumatoid arthritis, in 4 groups. Occipitoaxial alignment was assessed radiographically using the McGregor line. Patients were
followed up afterwards and evaluated by the Visual Analogue Scale for the assessment of pain, and by the Nurick scale for the
cases associated with myelopathy.SF36 was used to evaluate clinical outcome.

Results: We observed an improvement in the subjective evaluation of pain in all treated patients, with a 46% improvement from
the initial values. Moreover patient stabilized with an Occipitoaxial angle included in the physiologic range, showed better results
either for the survival of the instrumentation or the onset of junctional pathology. Occurrence of subaxial dislocation and adjacent
level instability occurred mostly in severe rheumatoid arthritis. This group of patients, mostly in class lll and IV, according to
Steinbrocker classification, showed the highest rate of complications and up to 75% of subaxial subluxation.

Conclusions: The study of the occipitoaxial angles has shown that the better results and the long lasting stability of the implant are
correlated to a fusion angle included in the physiological range.n our experience Occipitocervical fixation showed a reliable and
reproducible outcome with a solid improvement in pain management of all patients
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Occipital cervical fixation in pediatric patients under 10 years of age

Osvaldo Mazza', Marco Crostelli?, Carlo lorio®, Massimo Mariani?, Dario Mascello?
10spedale Pediatrico Bambino Gest, Spine Surgery Unit, Roma, Italy

2Ospedale Pediatrico Bambino Gest, Spine Surgery, Roma, Italy

Question: In the past literature indication for pediatric occipital cervical fixation with rigid instrumentation (adult instrumentation)
is to use in children at least 10 ys of age, later with time also in children younger until 3 ys of age. Our experience shows that these
rigid instrumentations can be used under this age, while in patients under 18ms of age we prefer treat this small children with
simple arthrodesis with or without wiring, but may be on the base of our experience, supported by recent literature, shows that
these age limits can be lowered

Methods: Limit in instrumentation use is determined by the accuracy of the surgical technique and by the anatomic size of the
patient, and only partly by patient age. We used rigid adult instrumentation in 10 patients under 10 years of age, treated by rod,
occipital screws and screws/hooks instrumentation until two years of age In Most cases they where isolated malformation or
malformations in syndromic patients. . We operated 3 patients under 2 years of age, using wirings and autograft.

Results: Mean follow up is 9 years (range 5 — 16 years). No Major complication; 1 case of bursitis at occipital fixation level, resolved
with medical therapy; 1 case of occipital screw mobilization without bone/instrumentation defaults; 1 case of superficial wound
infection treated by antibiotic therapy.

Conclusions: In our opinion the occipital-cervical fixation is yet to use in young people when the malformation involving especially
foramen and dens. We have two most important matters in pediatrics occipital-cervical fixation/arthrodesis: A) Anatomy is the
most important factor in determining the use of instrument arthrodesis to treat pediatric cervical spine malformations/instability.
Any way The risks of a more invasive implant are balanced out by potential results. B) The loss of range of motion related to
occipital- cervical arthrodesis fixation, but in our experience this loss of motion resulted well balanced and compensated by the
adjacent segments.

P20

Comparison of perioperative complications following posterior column osteotomies versus posterior based three column
osteotomy for correction of moderate to severe cervical sagittal deformity in 95 patients at single center

Darryl Lau?, Ceclia Dalle Ore!, Vedat Deviren?, Christopher Ames?

LUniversity of Calfiornia, San Francisco, Neurological Surgery, San Francisco, CA, United States

Question: Are posterior based 3CO (Cervical Osteotomy Ames Grades 5-OWO or 6-CWO) are associated with higher perioperative
complication rates and more severe complications compared to PCO (Cervical Osteotomy Ames Grade 2-PCO)?

Methods: A retrospective comparison of complication profile between posterior based 3CO and PCO was performed in a single
surgeon experience from 2011 to 2018 of all patients with cSVA of >4 cm who underwent correction for cervical deformity.
Multivariate analysis was utilized.

Results: 95 patients were included: 49 3CO and 46 PCO. 12 of PCO had anterior releases. Mean age was 63.2 years and 60.0% were
female. Preoperative and postoperative parameters: cSVA (6.2 cm and 3.5 cm, p<0.001), cervical lordosis (-6.8 degrees (kyphosis)
and 7.5 degrees, p<0.001), and T1-slope (40.9 degrees and 35.2 degrees, p=0.026). Complication rate was 37.9% and neurologic
deficit was 16.8%. Surgical and medical complication rates were 17.9% and 23.2%. Overall, surgical, and neurologic complication
rate was higher with 3CO compared to PCO but this was not significant (42.9% vs. 32.6%, p=0.304, 18.4% vs. 10.9%, p=0.303, and
20.4% vs. 13.0%, p=0.338). Medical complication rates were similar (23.9% vs. 22.4%, p=0.866). Independent risk factors for
surgical complication were male gender (OR 10.88, p=0.014) and cSVA >8 cm (OR 10.36, p=0.037). Anterior-posterior surgery was
independently associated with medical complications (OR 10.30, p=0.011). Kyphosis >20 degrees was an independent risk factor for
neurological deficit (OR 2.08, p=0.011).

Conclusions: There was no significant difference in complication rates between 3CO and PCO. Preoperative cSVA > 8 cm and
kyphosis >20 degrees are risk factors for surgical and neurologic complications, respectively. Larger prospective studies are needed.
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Neurologic complication rates and utility of intraoperative neuromonitoring in lower cervical and upper thoracic posterior based
three column osteotomies for correction of cervical deformity

Darryl Lau?, Ceclia Dalle Ore?, Vedat Deviren?, Christopher Ames?

LUniversity of Calfiornia, San Francisco, Orthopedic Surgery, San Francisco, CA, United States

2University of Calfiornia, San Francisco, Neurological Surgery, San Francisco, CA, United States

Question: Are neurological deficit rates higher following posterior based three column osteotomies (3CO) for cervical deformity
and is current neuromonitoring modality sufficient in detecting postoperative weakness?

Methods: This study performed a retrospective review of a single surgeon experience from 2011 to 2018 of all patients who
underwent posterior based 3CO in the lower cervical or upper thoracic spine. Medical and neuromonitoring records were
reviewed.

Results: 49 patients were included: 31 PSO and 18 VCR. Mean age was 61.1 years and 44.9% were male. 65.3% were myelopathic
and 30.6% had preop weakness. Mean blood loss was 1674.5 ml and surgery length was 314.6 minutes. Preoperative and
postoperative measures were cSVA (6.8 and 3.7 cm, p<0.001), lordosis (0.0 and 9.1 degrees, p=0.030), and T1-slope (49.8 and 36.7
degrees, p<0.001). Complication rate was 44.9% and neurological deficit rate was 20.4%. When stratified by osteotomy level, there
was significantly higher rates of neurological deficits at C7 and T1: C7 (37.5%), T1 (37.5%), T2 (20.0%), T3 (15.4%), T4 (0.0%)
(p=0.023). C7 and T1 level deficits were most consistent with single nerve root weakness; C8-hand intrinsic most common followed
by C7 triceps rather than spinal cord injury. There was 8 NM signal changes with 3 true positives and 7 false negatives (false
negative rate of 70.0%) Performance measures were: accuracy 75.5%, PPV 37.5%, NPV 82.9%, sensitivity 30.0%, and specificity
87.2%.

Conclusions: Complication rates are high following posterior 3CO for cervical deformity. 3CO at C7 and T1 have the highest rates of
neurological deficit. Current transcranial NM and EMG have modest utility in predicting postoperative deficits. A large multicenter
prospective study is warranted to study neurological risk in cervical deformity surgery.

P22
Hybrid fixations for atlantioaxial dislocation or instability

Hao Zhang?
1people's Hospital of LongHua District, Department of spinal surgury, ShenZhen city, China

Question: Most of atlantoaxial dislocation and instability need operative treatment. Many different fixation methods can be
choose, like C1C2 pedicle screws fixation, C2 laminar screws fixation, subaxial lateral mass screws, transarticular screw, Halo-vest
external fixation, which used to fixed symmetry. When atlantoaxial dislocation or instability combined with pedicle dysplasia or
vertebral artery high riding, we must treat it by Hybrid fixation to get firm fixation.

Methods: From Feb 2010 to May 2015, 16 cases with atlantoaxial dislocation and instability were reviewed retrospective , with
10 cases of male and 6 cases of female(mean,42.3 years). 10 cases were atlantoaxial dislocation and 6 cases with instability. 11
cases with high cervical myelopathy, with JOA score 9-14, average 12.5.

Results: 15 cases were operated by 2 different fixations and 1 case by 4 different fixations. Hybrid fixations were used because of
C2 vertebral artery high riding, C2 pedicle maldevelopment, osteoporosis. 10 cases with atlantoaxial fixation and 6 cases with
occipital- cervical fixations. no intraoperative vertebral artery injury and spinal cord injury were noted. All patients were followed
up for average30.5 months(from14 to 60months) cases. JOA scores ranged from 13 tol7 (mean,15.0). No postoperative internal
fixation loose and breakage were observed and atlantoaxial fusion was seen in all the cases.

Conclusions: Atlantoaxial dislocation or instability combined with pedicle dysplasia or vertebral artery high riding, we can have
good outcome by Hybrid fixation .

Figure 1

g
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Surgical treatment for dropped head syndrome with severe positive imbalance: Report of three cases
Masatake Ino?, Takachika Shimizu?, Tetsu Tanouchi?

1Gunma Spine Center, Orthopaedic Surgery, Maebashi, Japan

Question: Dropped head syndrome (DHS) is caused by various disease. We present three cases of DHS with severe sagittal
imbalance treated by surgical procedure. They had postural disorder, inability of horizontal gaze, gait disturbance, and no
neurological or muscular disorders.

Methods: Case report

Results: Case 1. A-76-year-old woman with low back pain. On the lateral X-ray, C2-C7 angle (C2-7A) showed 40° kyphosis, Cervical
anteversion angle (CAA; the angle between vertical line and the line connecting C1 anterior arch and C7 vertebral body) showed
63°, C2-7SVA showed +91mm, with 40° thoracik kyphosis (TK), 0° lumbar lordosis (LL) and +28mm SVA. We performed posterior
correction and fusion (PCF) from L2 to pelvis. TK, LL and SVA changed to 41°, -46° and -16mm. C2-7A, CAA and C2-7SVA also
improved to 4°, 9° and +20mm.

Case 2. A 78-year-old woman. C2-7A, CAA and C2-7SVA showed 69° kyphosis, 91° and +87mm, with 46° TK, 6° LL and +232mm SVA.
We performed PCF from T10 to pelvis with L2 VCR. TK, LL and SVA changed to 53°, -48° and +31mm. C2-7A, CAA and C2-7SVA also
improved to 2°, 20° and +32mm.

Case 3. A 74-year-old woman. She also had cervical myelopathy such as numbness and difficulty at her fingers. C2-7A, CAA and C2-
7SVA showed 24° kyphosis, 47° and +73mm, with 27° TK, -6° LL and +114mm SVA. We performed PCF from C2 to T5 at first with
the aim to improve her myelopathy. C2-7A improved to -11° post-operatively, but CAA, C2-7SVA, TK, LL and SVA showed 40°,
+65mm, 50°, -15° and +138mm. She still had postural disorder, inability of horizontal gaze and gait disturbance, so we performed
PCF from T5 to pelvis after 3 weeks. CAA, C2-7SVA, TK, LL and SVA improved to 1°, +6mm, 35°, -66° and +6mm.

Conclusions: Discussion In the case of DHS with severe sagittal imbalance, it might be better to correct the thoracolumbar
alignment and balance at first. In the case with cervical myelopathy, it might be better to do just decompression at first and to
evaluate the whole sagittal balance afterwards.

Figure 1

Figure 2

Cervical anteversion angle (CAA)
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The Impact of the lower instrumented level on outcomes in cervical deformity surgery

Peter Passias?, Haddy Alas?, Avery Brown?, Katherine Pierce?, Cole Bortz!, Renaud Lafage?, Virginie Lafage?, Bassel Diebo?
INYU Langone Health/NY Spine Institute, Orthopaedic and Neurological Surgery, New York, NY, United States

2Hospital for Special Surgrey, New York, NY, United States

3SUNY Downstate Medical Center, New York, NY, United States

Question: Compare outcomes in CD patients undergoing instrumented correction according to the relation of LIV with primary
driver of deformity

Methods: CD database inclusion: cervical kyphosis>10°, scoliosis(coronal Cobb>10°), positive cervical sagittal imbalance (cSVA>4cm
or TS-CL>10°), or CBVA>25°. Patients were stratified by primary driver of deformity: cervical(C) via Ames classification(TS-CL>20 or
cSVA>40) & thoracic(T) via hyper/hypo-kyphosis(TK) from T4-T12 (60<TK<40). Pts were further stratified by LIV in relation to curve
apex (above/below). Univariate and multivariate analyses identified group differences in post-op HRQLs and DJK(>10 degrees LIV
and LIV+2) rate up to 1-year

Results: 62 CD patients (54.9yrs, 62.8%F) were analyzed. Mean parameters at BL: TSCL 28.1, cSVA 26.9, T4-T12 angle 38.1. 21 pts
had a C primary driver and 41 had a T primary driver by definition. 100% of C primary drivers had LIVs below CL apex, while 9.2% of
T primary drivers had LIVs below (caudal) to TK apex and 90.8% had LIVs above TK apex. No differences in HRQLs were found
between C and T groups at BL and 3mo post-op. By 1Y, C patients trended lower NDI(21.9vs29.0,p=0.245), lower NRS Neck pain
(4.2vs5.1,p=0.358), and significantly higher EQ5D VAS (69.2vs52.4,p=0.040). When T pts with LIVs below TK apex were excluded,
remaining T pts with LIV above apex had significantly higher 1Y NDI than C pts(37.5vs21.9,p=.05). T patients also trended higher
rates of post-op DJK than C (19.5%vs4.8%, p=0.119). No significant differences in mJOA were found (p>0.05)

Conclusions: Stopping prior to apex was more common in patients with a primary thoracic driver (T) and associated with
deleterious effects. Those with a primary cervical driver (C) tended to have LIVs inclusive of CL apex with lower rates of post-op DJK.
Additionally, T patients with LIVs above TK apex had significantly higher NDI and lower EQ5D VAS scores by 1-year.

Complications: epidemiology, diagnosis and imaging

P25

C5 palsy develops relatively often after multilevel anterior or anteroposterior combined surgery in cervical spine

Yasutsugu Yukawa?, Hiroshi Hashizume?, Akihito Minamide?, Hiroshi Iwasaki!, Shunji Tsutsui, Masanari Takami?, Motohiro Okada?,
Hiroshi Yamada?

YWakayama Medical University, Orthopaedic surgery, Wakayama, Japan

Question: C5 palsy was sometimes seen after cervical spine surgeries. The results after laminoplasty and/or instrumentation were
often reported. However those after anterior surgeries in the cervical spine were not well known. We investigated the incidence
rate and cause of C5 palsy after anterior reconstructive surgery in the cervical spine.

Methods: Fifty-seven patients who underwent anterior reconstructive surgeries with corpectomy and bone graft in the cervical
spine, W/WO posterior fixation, were included. The lesion was multilevel and including C4/5 level. In those, 33 underwent anterior
pedicle screw (APS) W/WO plate fixation (A group) and 24 APS and posterior fixation (A&P group).

Results: Nine patients developed C5 palsy postoperatively (9/57; 15.7%). Five of 33 patients (15.2%) were in A group and 4 of 24
(16.7%) in A&P group. The surgical time and bleeding (C5 group / non-C5 group) were 300.6 / 234.9 minutes and 339.4 / 264.8 ml.
The surgical lesion was 3.1 / 2.6 levels. JOA score was 10.0 / 11.1 preoperatively and 12.3 / 14.6 postoperatively, and its recovery
rate was 37.3 / 58.9 % respectively. The local kyphotic angle was 14.3 / 8.2 degrees preoperatively and 0.9 / -3.2 degrees
postoperatively. The correction angle by surgery was 13.4 / 11.6 degrees. C2-7 angle was 13.3 / 4.6 degrees kyphotic before surgery
and 2.1 / -4.6 degrees kyphotic in final follow-up. Six of 22 cases (27%) with 15 degrees or more kyphosis preoperatively developed
C5 palsy postoperatively.

Conclusions: Higher incidence rate (15.7%) was seen after multilevel anterior or anteroposterior combined surgery in cervical
spine. There was no significant difference of incident rate between anterior alone surgery and anteroposterior combined surgery.
When the patients have more severe kyphotic deformity and /or severe myelopathy symptom preoperatively, they are likely to
develop C5 palsy after anterior or anteroposterior reconstructive surgery.
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Corticospinal tract function and clinical presentations among various morphologies of ossification of the posterior longitudinal
ligament in the cervical spine

Kazuyoshi Nakanishi?, Naosuke Kamei?, Toshio Nakamae?, Yuji Tsuchikawa?, Taiki Morisako?, Takahiro Harada?, Nobuo Adachi'
IHiroshima University, Orthopaedic Surgery, Hiroshima, Japan

Question: To investigate the correlation between the corticospinal tract function, clinical symptoms, and morphology of the
cervical ossification of the posterior longitudinal ligament (OPLL).

Methods: Motor evoked potentials following transcranial magnetic stimulation, as well as M- and F-waves following electrical
stimulation of the ulnar and tibial nerves, were measured from the abductor digiti minimi muscle (ADM) and abductor hallucis
muscle (AH) in 60 patients with OPLL, and the central motor conduction time (CMCT-ADM/AH) was calculated. The JOA score for
cervical myelopathy was obtained before and at one year after surgery. As radiological assessments, an extended form of the OPLL
to the adjacent vertebral body was evaluated and expressed as a "disconnected" (D), "beyond the intervertebral level" (IV), "bridge
formation to the adjacent vertebral body" (VB), or "at the vertebral level but non-bridge" (VnB), in each level on sagittal CT images
in the level of the severest cord compression. Dynamic lateral radiograms were evaluated for the segmental range of motion (ROM)
and occupying ratio (OR) of the OPLL at the level that the largest OPLL was detected.

Results: The OR in the IV and VnB groups were significantly higher than that in the D group. The ROM in the IV group was higher
than that in the VnB group (Wilcoxon rank-sum nonparametric test, 0<0.001). The ROM in the VB group was absolutely lower than
those in the other groups (0<0.001). The CMCT-ADM and CMCT-AH were significantly higher in the IV group than in the VB group
(p=0.002-0.012). The CMCT-AH was higher in the IV group than in the VnB group (p=0.002). The JOA score before and one year
after surgery in the IV group was significantly lower than that in the other groups (p=0.000-0.002).

Conclusions: Our results suggest that the patients with OPLL which extends beyond the intervertebral level presented high
segmental ROM and RR, and prolonged CMCT values, which may contribute to low JOA score before and after surgery.

P27

Analysis of complications of pedicle screw fixation in surgery of the cervical spine
Vladimir Klimov'?, Murodzhon Kosimshoev?, Aleksey V. Evsyukov'?

1FSI Federal Center of Neurosurgery, Spinal Department, Novosibirsk, Russian Federation
2Federal Neurosurgical Center, Neurosurgery, Novosibirsk, Russian Federation

Question: Objective: to evaluate the results of transpedicular fixation of the cervical spine.

Methods: The study included 42 patients operated on the cervical spine. Of these, 9 with degenerative diseases, 21 with injuries, 7
patients with tumors, anomalies and systemic diseases of 5 patients, in the period from March 2013 to September 2018, 23 were
men (54.7%) and 19 women (45.3%). The age was 42.3 / 37 (25;44) and ranged from 3 to 70 years. Localization: craniocervical
transition 26 (61.9%), subaxial level 16 (38.1%). ASIA, VAS, ODI. Radiography, CT, MRI of the cervical spine, performed before and
after surgery and 12 months. When damage to the vertebral artery was performed CT angiography, Doppler ultrasound, BCA. To
determine the position of the screws used classification Abumi (2014). The follow-up from 12 to 48 months.

Results: 282 screws were implanted in 42 patients. Posterior approach surgery was performed, patients were divided into two
groups. In group | in 15 patients 110 (39%) screws were implanted using C-arm, in group Il in 27 patients, 172 (61%) screws were
implanted using O-arm. According to the classification of Abumi G0-210 screws were implanted, G1-40, G2 -35 screws. In the first
group, screw malposition with spinal artery stenosis with clinical manifestation of vertebrobasilar insufficiency was noted in 2 cases
(4.7%). In the second group, intraoperative vertebral artery injury was observed in 5 patients without clinical manifestation
(11.9%). Malposition screw with clinical manifestation were observed. Blood loss — 360/100 (200;500), was varied from 100 to 2000
ml. When damage to the vertebral artery blood loss amounted to an average of 2100+500 ml.

Conclusions: Screw malposition in transpedicular fixation of the cervical vertebrae is frequent and occurs from 12% to 14.5%. Of
these, clinically significant malosia requiring audit intervention amount to 4.7%.The use of O-arm navigation reduces the number of
positions.
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Surgical outcomes for upper cervical lesions in athetoid cerebral palsy patients

Hisanori Mihara?, Yasunori Tatara?, Takanori Niimura?®, Tatsuhiro Sekiya?, Yohei Ito?, Atsushi Goda*
lYokohama Minami Kyosai Hospital, Spine Center, Yokohama, Japan

Question: Cervical disorders in athetoid cerebral palsy (CP) patients are well known as difficult situation for surgical treatments.
Among them, cranio-cervical lesions sometimes gave us various troubles after surgery. This study aimed to elucidate failures and
complications of upper cervical surgeries for athetoid CP patients and to discuss on possible solutions.

Methods: Subjects were 35 athetoid CP patients (18 males and 17 females) who underwent surgical treatments on the cranio-
cervical junction in past 35 years (1983-2017). The mean age at surgery was 60.9 years old and the mean follow-up period was 7.1
years. Adopted surgical methods were occipito-cervical (O-C) fusion in 29 patients, C1-C2 fusion in one and C1 posterior
decompression in five. Surgical outcomes were reviewed on instrument failures, post-operative complications and functional
improvement.

Results: All surgical procedures were safely completed without complications except for one patient who showed dyspnea
immediate after extubation and required re-intubation. Instrument failures occurred in 6 out of 29 (20.1%) patients who
underwent O-C fusion. These failures were found after 6 months following the surgery. Fortunately none of them ever showed
neurological deterioration, and then, required any revision surgeries (but one patient underwent occipital plate removal because of
skin irritation). Neurological improvement was limited in most patients and the mean recovery rate was just 9.5% by JOA score
evaluation.

Conclusions: We believed that immobilization on the pathological lesions was crucial for athetoid CP patients, and therefore,
selected O-C fusion for majority of patients with cranio-cervical instability. However, we experienced high incidence of instrument
failures in chronic stage. Fortunately, none of them required revision procedures because of neurological deteriorations. These
facts might indicate we should consider decompression surgery without instrumentation in proper cases.

P29

Serious complications related to surgical site infection after cervical laminoplasty : A report of two cases

Munehisa Koizumi?, Yoshinobu Kato?, Shinji Isomoto?, Kazunori Tanaka?, Tsuyoshi Yamasaki?, Takahiro Mui?, Kazuya Sugimoto?,
Yasuhito Tanaka3

!Nara Prefecture General Medical Center, Department of Spine Surgery, Nara, Japan

’Nara Prefecture General Medical Center, Department of Orthopaedic Surgery, Nara, Japan

3Nara Medical University, Department of Orthopaedic Surgery, Nara, Japan

Question: Background: Infection-related complication after spinal surgery could be sometimes life-threatening and can cause a
significant consequence. We report two cases of infection-related serious complications after cervical laminoplasty.

Methods: Casel. A 39-year-old male who complained of gait disturbance underwent laminoplasty (LP). During surgery, dural tear
occurred at lateral gutter. He was afebrile and surgical wound was clear although he felt occasional headache. He lost
consciousness suddenly and presented with general convulsion on 13th day from surgery. Lumbar puncture suggested
bacteriogenic meningitis. We carried out spinal drainage and started intravenous antibiotics administration. Spinal drainage was
placed for 10 days, then removed. Gradually, his laboratory data improved. He was discharged six weeks after surgery.

Results: Case2. A 66-year-old male presented with clumsiness and walking difficulty. He had long standing Parkinson disease (PD).
After LP, partial dehiscence and discharge developed. The patient underwent surgical debridement. Two days after debridement,
quadriplegia occurred. MRI revealed discitis change at C4-5. The patient underwent second urgent surgery of anterior debridement
and bone graft. Administration of antibiotics was carried out and infection subsided completely in four weeks. His neurological
function improved gradually, however clumsiness and sensory loss remained strongly.

Conclusions: Meticulous evaluation of patient is alway crucial in the treatment of postoperative infection which is prone to worsen
patient's condition rapidly. In casel, spinal drainage should have been performed earlier postoperatively to eliminate abnormal
flow at dural tear site. Case2 presented rare and rapid expansion of infection from posterior side to anterior disc space despite
urgent intervention. Quadriplegia caused by discitis first seemed to be akinesia resulted from suspension of anti-PD medication,
which added to confusion in observing patient.
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Notfall reposition of atlantioaxial dislocation in trauma
Mahmoud Aboelsaad?

1Bergmannsheil Buer, Diisseldorf, Germany

Question: Posibility of reposition of traumatic atlantioaxial dislocation in the emergency Departement in pateints with cervical
trauma before surgery

Methods: C arm and short ananthesia

Results: Out of 3 patients 2 patints profited hugly from the reposition

Conclusions: Neu methods should be implemented in the reposition
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Percutaneous ultrasonographic observation of the spinal cord in cases of epidural hematoma after cervical laminoplasty
Yoshiharu Nakaya?, Atsushi Nakano?, Sachio Hayama?, Takashi Fujishiro!, Toma Yano?, Masashi Neo*

10saka Medical College/Japan, Orthopedics, Takatsuki, Japan

Question: In cervical laminoplasty using suture anchors, the postoperative condition of the spinal cord can be observed using
percutaneous ultrasonography. In some cases with epidural hematoma after cervical laminoplasty, we obtained interesting
ultrasonographic findings of the spinal cord.

Methods: Four patients who underwent cervical laminoplasty with suture anchors and had troubles related to postoperative
epidural hematoma were investigated. The state of the spinal cord was observed using a percutaneous ultrasonography at the time
of occurrence of the trouble and over time. Ultrasonographic findings (presence of epidural hematoma and spinal pulsation) and
clinical course were examined.

Results: Case 1: Epidural hematoma was observed, but spinal pulsation was kept. The clinical course was normal. Case 2:
Quadriplegia occurred from 3 hours after surgery. Epidural hematoma was observed and the spinal pulsation disappeared. After
emergency hematoma removal surgery, paralysis improved and the spinal pulsation also recovered. Case 3: Temporary paralysis
occurred at 2 days postoperatively. Paralysis improved in about 10 minutes. Epidural hematoma was observed, and the spinal
pulsation was weak. The clinical course was normal. Epidural hematoma was absorbed and the pulsation improved over time. Case
4: Temporary quadriplegia occurred from 1 hour postoperatively. Epidural hematoma was observed, spinal pulsation was weak.
Because the paralysis improved in about 30 minutes,surgery was not enforced. After that, no paralytic symptoms occurred, but
even 14 days postoperatively, epidural hematoma was recognized and the spinal pulsation was weak. Because the wound
reopened at 20 days postoperatively, we performed hematoma removal. After that, improvement of spinal pulsation was
observed.

Conclusions: Disappearance and weakness of the pulsation of the spinal cord indicate that the spinal cord was under pressure and
can be an indicator of revision surgery.
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Defining an algorithm for treatment of severe cervical deformity using surgeon survey and treatment patterns

Sohrab Virk?, Jonathan Elysee?, Munish Gupta?, Eric Klineberg3, Frank Schwab?, Han Jo Kim?, Douglas Burton?, Peter Passias>,
Themistocles Protopsaltis®, Justin Smith®, Christopher Ames’, Renaud Lafage?, Virginie Lafage?, International Spine Study Group
(1SSG)L8

LHospital for Special Surgery, New York, NY, United States

2Washington University Orthopedics, St. Louis, MS, United States

3University of California, Davis, Department of Orthopedic Surgery, Davis, CA, United States

4University of Kansas Medical Center, Department of Orthopedic Surgery, Kansas City, KS, United States

>NYU Langone Orthopedic Hospital, Department of Orthopedic Surgery, New York, NY, United States

éUniversity of Virginia, Department of Neurosurgery, Charlottesville, VA, United States

“University of California, San Francisco, Department of Neurological Surgery, San Francisco, CA, United States

8/SSG, Denver, CO, United States

Question: Patients with severe cervical deformity (sCD) present a unique challenge to surgeons. The literature provides only limited
guidance on operative strategies for these patients. We aimed to create treatment guidelines based on patient radiographic
parameters for sCD patients

Methods: We sent 10 sCD cases to 7 surgeons to find consensus on 1) approach 2) UIV 3) LIV 4) osteotomy. We performed a
descriptive analysis and created a treatment algorithm that was then applied to a sCD database to find frequency of following our
algorithm

Results: There was consensus on 5/10 cases for posterior approach because of CT deformity or a high cSVA. Of 15 pts with
cSVA>5cm and T15>50° we found 13/15 had a posterior approach and 2/15 had an antero-posterior (AP) approach. Two cases had
consensus of AP, because of local kyphosis. Of 25 pts with a local kyphosis >18°, 14 had an AP, 7 had posterior and 4 had anterior.
There was a higher rate of osteotomies for posterior versus AP approach (6/7 vs 3/14). UIV was consensus for C2 for 5/10 cases,
because of fusion length and fixation strength. Of 35 pts that had a posterior fusion >6 levels, 20/35 had a UIV of C2. 3/10 cases had
consensus LIV below a UIV of previous fusion. If a previous UIV was at T6 or higher then 34/36 pts had a LIV below previous UIV. In
6/10 cases a VCR/PSO was not needed due to flexibility of the cervical spine. Of 12 pts within the database that had a VCR/PSO
there were 9/12 that were inflexible

Conclusions: We recommend for sCD that 1) if T1S> 50 deg, cSVA > 5cm use a posterior approach 2) if local kyphosis is >18 deg
then use of an anterior-posterior approach be considered 3) if instrumentation is higher than T6 then LIV bypass old UIV and 4) if
there is >10 deg in C2-C7 cobb angle motion on flex/ex radiographs a VCR/PSO may be avoided
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The X-ray of upper cervical spine is generally unclear.The computed tomography (CT) doesn"t reflect the weight of
head.Therefore,the accurate diagnosisof vertical subluxation (VS) is difficult. Tomosynthes (TOMOS)can be taken in standing
position.We investigated the effectiveness of TOMOS for VS.

Ryo Tamaki?, Keiji Wada?, Ken Okazaki', Naoya Yamamoto !

1Tokyo Women's Medical University, Orthopedics, Shinjyukuku, Japan

Question: The X-ray of upper cervical spine is generally unclear, especially in bone destructive lesions such as rheumatoid arthritis.
The computed tomography (CT) of upper cervical spine doesn"t reflect the weight of head, because it is taken in supine position.
Therefore, the accurate diagnosis of vertical subluxation (VS) is sometimes difficult. Tomosynthes (TOMOS) is new high
performance tomography which can be taken in standing or sitting position. In this study, we consider which the method effect for
the diagnosis of VS in rheumatoid arthritis patients.

Methods: Twenty three atlantoaxial lesions of rheumatoid arthritis patients were included in this study. All patients underwent X-
ray, CT and TOMOS at the same time. The distance between McGregor line and the top of the dens (defined as VS value) was
measured with above three radiographies. The VS value among three radiographies was investigated.

Results: A total of 20 cases were diagnosed as VS by TOMOS, 17cases by CT, 12 cases by X-ray. In 8 cases, the dens was not clearly
identified in X-ray. In 1lcases, the VS value of TOMOS increased compared to CT. In 9 cases, the VS value of X-ray increased
compared to CT.In this study, we investigated the effectiveness of TOMOS for the diagnosis of VS in rheumatoid arthritis patients.
With TOMOS, 20 cases were diagnosed as having VS, though 17 cases in CT and 12 cases in X-ray. Furthermore, the clear dens was
not identified with X-ray in 8 cases. Above results indicated that TOMOS is useful for the diagnosis of VS in rheumatoid arthritis
patients, because it clearly shows the landmark of the upper cervical spine, and it can take the weight of head into consideration.
Conclusions: TOMOS is effective for the diagnosis of VS in rheumatoid arthritis patients. Because TOMOS clearly shows upper
cervical spine.
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Two case reports of bilateral C5 palsy after laminoplasty for cervical spondylotic myelopathy
Gentaro Ono?, Ko lkuta?

1Kyushu Univerisity, Orthopaedics, Fukuoka, Japan

?Karatsu Red Cross Hospital, orthopedics, Karatsu, Japan

Background: Cervical laminoplasty (CLP) is a common procedure for cervical spondylotic myelopathy (CSM) with favorable
outcomes and high in safety. However, some surgical complications including C5 palsy have been reported. The C5 palsy usually
occurred unilaterally, therefore, few studies have focused on bilateral C5 palsy. In addition, although there are various hypotheses,
the etiology of postoperative C5 palsy has not been clarified

Objectives: We try to reveal the etiology of C5 palsy through the two cases of bilateral C5 palsy after CLP.

Results: Case Description: The first case is 60year-old man of CSM, who underwent a C3-6 CLP. C5 palsy was not observed just after
CLP. At 10 hours after CLP, he suffered from right followed by left C5 palsy. The bilateral C5 palsy progressed in severity (MMT: 1+)
at 24 hours after CLP. The second case is a 68year-old man who underwent a C4-6 CLP concomitant with C3 laminectomy for CSM.
Neurologic deterioration was not observed just after CLP. At 4 days after CLP, he suffered from right C5 palsy. Six days later, left C5
palsy occurred. The bilateral C5 palsy progressed (MMT: 1+) at 2 weeks after CLP. In both cases, MRI obtained within 48 hours after
CLP showed an excessive posterior shift of the spinal cord. However, the posterior shift of the spinal cord nearly regressed about 1
month later. The first case showed complete recovery at 1 year after surgery. The second case also showed a recovering tendency 3
months after surgery.

Conclusions: In our cases, C5 palsy occurred first unilaterally with some delay after CLP and progressed to bilateral C5 palsy soon.
Besides, we found that an excessive posterior shift of the spinal cord immediately after CLP, followed by restoration of the
excessive shift, might cause bilateral C5 palsy. The specific MRI findings had not been showed in patients without C5 palsy. These
features suggest that postoperative C5 palsy may be a result of tethering phenomenon.
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Radiographic and clinical results of C1 laminoplasty for the treatment of compressive myelopathy
Kiyoshi Tarukado?, Ko lkuta?

1Kyushu Rosai Hospital, Orthopaedic Surgery, Fukuoka, Japan

2Karatsu Red Cross Hospital, Orthopaedic Surgery, Saga, Japan

Question: C1 laminectomy has been the standard procedure for decompression at the C1 level. However, there have been some
reports of trouble cases such as spontaneous anterior arch fracture and dynamic paraspinal muscle impingement causing acute
hemiplegia after C1 laminectomy. C1 laminoplasty might be superior to C1 laminectomy in some respects. The purpose of this
study was to evaluate the radiographic and clinical results of C1 laminoplasty without fusion.

Design: A retrospective review of the patients treated with C1 laminoplasty for compressive myelopathy at C1 level.

Methods: Seven patients with spinal cord compression without obvious segmental instability at the C1 level treated by C1
laminoplasty were included. The indication of C1 laminoplasty was same as C1 laminectomy. C1 laminoplasty was performed in the
same way as subaxial double door laminoplasty. Imaging findings such as segmental instability of C1/2 and the size of the
retroodontoid pseudotumor were evaluated using X-ray films and MRI. Clinical results were evaluated using the Japan Orthopaedic
Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ) and JOA score. Perioperative and postoperative
complications were also investigated.

Results: No patients showed increase of C1/2 segmental instability after surgery. The mean pre- and postoperative sizes of
retroodontoid pseudotumor were 8.7 and 9.3 mm, respectively. The mean pre- and postoperative JOA scores were 8.6 and 11.7,
respectively. The mean recovery rate was 40.2%. Each domain in the JOACMEQ except upper extremity function improved. No
major complications including spontaneous anterior arch fracture was observed over a period of about four years follow-up.
Conclusions: There were no complications that seemed to be unique to C1 laminoplasty. C1 laminoplasty for patients without
obvious segmental instability might be a viable alternative procedure to C1 laminectomy.
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Jugular outlet syndrome (JOS), a common sequela of chronic upper cervical dysfunction

Kjetil Larsen®

1Training & Rehabilitation, Oslo, Norway

Upper cervical dysfunction is a common complaint amongst patients with whiplash-associated disorders (WAD) and chronic neck
pain (CNP), however, conventional diagnostic criteria often fail to reveal focal segmental abnormalities in these patient groups. This
presentation aims to demonstrate the existence of and diagnostic criteria for “jugular outlet syndrome” (JOS), a common condition
where the neurovascular bundle emerging from the jugular foramen gets compressed between the transverse process of the C1
and styloid process of the skull due to forward subluxation of the atlanto-occipital facet joints, often resulting in many diffuse
problems such as craniocervical instability, CNP, migraines, endolymphatic hydrops, cranial nerve dysfunction, visual impairment,
and intracranial hypertension. The paradoxical notion that a normal mediosagittal cervical alignment and subluxed atlantoaxial
facet joints may coexist, was first mentioned by Indian Neurosurgeon Atul Goel (2015). Similarly, anterior atlanto-occipital
subluxations are rarely evident by reviewing only the mediosagittal alignment, which is where most conventional craniocervical
measurements are made, but may rather be detected by evaluating the alignment of the paramedian facet joints as well as the
transverse processes’ alignment in relation to the jugular foramen. This can usually be done with conventional capital MRI. As the
C1 subluxes forward, usually due to longstanding poor craniocervical postures and consequent myoligamentous compromise, the
occipital and atlantal condyles lose their vertical alignment, allowing the occipital condyles to sink posteroinferiorly due to forced
posterior angulation of the odontoid peg. This may cause JOS along with a reduced clivoaxial angle. Interventions such as jugular
stenting, styloidectomy, transversectomy, or specific conservative therapy may ameliorate the condition.

Figure 1

Figure 2
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Anterior vs posterior foraminotomy in solution of isolated cervical radiculopathy

Milan Nevsimal', Ondrej Teply?, Jiri Fiedler?, Vladimir Chlouba?, Martin Bombic!

INemocnice Ceske Budejovice, Neurusurgery, Dobra Voda u Ceskych Budejovic, Czech Republic

Question: Is there any different in results between anterior and posterior surgery

Methods: 234 patients with a degenerative cervical spondylopathy were treated surgically at the Neurosurgery department of
Ceske Budejovice over the period of 2012 to 2016. Since 2012 less invasive approaches have been used at our department in
patients with cervical radiculopathy caused by isolated foraminal stenosis without spinal canal stenosis. Two approaches have been
employed: anterior cervical microforaminotomy and posterior cervical foraminotomy as described by Frykholm. The inclusion
criteria for both approaches were: cervical radiculopathy with a corresponding foraminal compression without instability,
myelopathy or medial cord compression.

Results: 15 anterior cervical microforaminotomies (ACF) and 27 posterior cervical foraminotomies (PCF) were performed in the
period between January 2012 and December 2016. The C6/7 was the most freqeuntly treated segment. A complete relief from
irritation was observed in 66% and 55% of patients when comparing ACF with PCF respectively. The ACF group was noticed to have
a full recovery of sensorimotor deficit in 33% of cases while it was 25% in the PCF group. Partial relief from radicular irritation was
noticed in 20% of ACF patients and in 37% of PCF patients. Partial improvement in sensorimotor deficit was seen in 58% of cases in
both groups alike. 13% of ACF and 7% of PCF patients had no relief from irritation. No improvement in sensorimotor deficit was
noticed in 6% and 16% of cases respectively. None of the patients suffered from worsening of either radicular pain or a deficit. One
patient from either group developed a wound infection. Indication of ACDF was necessary in 1 ACF patient. No cases of a new
radicular lesion, cervical sympathetic trunk trauma or vertebral artery damage were observed.

Conclusions: A retrospective analysis of treatment outcome was performed in a small group of patients. Neither of the two
approaches was associated with serious complications.
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Extremely high preoperative C7 slope limits compensatory cervical lordosis after muscle-preserving selective laminectomy
Satoshi Nori?, Tateru Shiraishi?, Ryoma Aoyama?, Ken Ninomiya?, Junichi Yamane?, Kazuya Kitamura®, Seiji Ueda®, Ukei Anazawa?
1Tokyo Dental College Ichikawa General Hospital, Orthopedic Surgery, Chiba, Japan

2Shiraishi Spine Clinic, Tokyo, Japan

3National Hospital Organization Murayama Medical Center, Orthopedic Surgery, Tokyo, Japan

“Saiseikai Yokohamashi Tobu Hospital, Orthopedic Surgery, Kanagawa, Japan

>Kawasaki Municipal Hospital, Orthopedic Surgery, Kanagawa, Japan

Question: A high C7 slope induces C2—C7 lordosis to compensate for cervical sagittal balance adjustments. A muscle-preserving
selective laminectomy (SL) can maintain this compensation postoperatively. Our research question is whether the extremely high
C7 slope (= average + 1 SD, 30°) whose cervical sagittal alignments highly compensated by preoperative C2—C7 hyper-lordosis limit
compensatory mechanism of cervical lordosis after SL.

Methods: This retrospective study enrolled 151 cervical compressive myelopathy patients who underwent SL. Lateral cervical spine
radiographs were taken before surgery and during final follow-up. Patients were divided into extremely high C7 slope (230°) (EH)
and non-high C7 slope (<30°) (NH) groups and the influence of a high C7 slope on radiological and surgical outcomes was examined.
Unpaired t-test, chi-square test, Mann-Whitney U test and multiple linear regression analysis were used for statistical analyses.
Results: Mean age was higher in group EH (p < 0.001) (Fig 1). Preoperatively, patients in group EH had a larger C2—C7 sagittal
vertical axis (SVA) (p = 0.001) and greater cervical lordosis (p < 0.001) (Fig 2). Although C2—C7 SVA increased after surgery, mean
C2—-C7 angle of group EH decreased (Fig 2 and 3). Mismatches between C7 slope and C2-C7 angle increased for group EH
postoperatively (p = 0.015) (Fig 2). Postoperative Japanese Orthopedic Association (JOA) score and recovery rate (RR) were slightly
lower in group EH (p = 0.001 and p = 0.006, respectively) (Fig 1). Multiple linear regression analyses revealed that extremely high C7
slope, not age, affected the RR of JOA score (68 =-0.223, p = 0.006) (Fig 4).

Conclusions: Patients in group EH were older and had highly compensated cervical sagittal alignment preoperatively. They
demonstrated postoperative cervical sagittal balance mismatch increases and slightly worse functional recovery. An extremely high
C7 slope limited compensatory cervical lordosis following SL.
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Figure 1

Figure 1. Patients' characteristics as affected by preoperative CT slope
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Figure 2

Figure 2. Patients’ radiological parameters as affected by preoperative C7 slope
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SV sagittal vertical axis; ROM, range of motion
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Figure 3

Figure 4

Figure 4. Multiple linear regression analysis of RR of JOA score
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Intradural cervical disc herniation: a case report

Takeshi Umebayashi®

1Shinagawa Shishoukai Hospital, Spine surgery, Tokyo, Japan

Question: Introduction) Intradural disc herniation (IDH) were rare, especially in the cervical spine. This was a report of an intradural
cervical disc herniation (ICDH) treated with spinal drainage following anterior cervical discectomy and fusion (ACDF) resulted in
cerebrospinal fluid (CSF) fistula.

Methods: Case description) A 33-year-old male presented with a rapidly progressive neck pain radiating to the left limbs and left
sided hemiparesis over a 3-month period. This was attributed to a cervical disc herniation at C6/7 on the MRI. The ACDF resulted in
a dural defect and there was CSF fistula as the arachnoid membrane remained defective. This CSF fistula indicated a diagnosis of
ICDH during the surgery. This CSF fistula was repaired by using fat and Neoveil patch with fibrin glue. Spinal drainage was inserted
after the surgery under the same general anesthesia. This patient’s postoperative course was uneventful and he almost completely
recovered motor function.

Results: Discussion) ICDH is extremely rare. The diagnosis, treatment and pathology of condition are still unclear. It was difficult to
diagnose ICDH before surgery depending on MRI findings only. We confirmed diagnosis of ICDH during the surgery and treated with
fat graft and fibrin glue using with a lumbar drainage. In general, CSF leak after a ventral cervical spine surgery can be troublesome,
resulting in a pseudomeningocele, respiratory obstruction, continuous CSF fistula and meningitis. Then it is important to repair the
un expected CSF leakage with meticulous management of dural and arachnoid tears. We chose spinal drainage rather than lumbar
punctures because it was easy to control of CSF volume with patients’ bed rest.

Conclusions: Conclusion) Here, a patient with ICDH sustained a durotomy with a CSF fistula during an ACDF. It was effective to
repair for dural defect using patch closure and spinal drainage under the same anesthetic.
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Surgical outcome and characteristics of C7 spondylolisthesis with myelopathy

Fumihiro Arizumi?, Toshiya Tachibana?, Keishi Maruo?, Kazuki Kusuyama?, Kazuya Kishima?, Shinichi Yoshiya®
1Hyogo College of Medicine, Orthopaedic surgery, Nishinomiya, Japan

Question: Incidence of C7 spondylolisthesis is low and reports of C7 spondylolisthesis with myelopathy are rare. The purpose of this
study to evaluate the surgical outcome and characteristics of C7 spondylolisthesis with myelopathy.

Methods: Six patients (5 males and 1 females) with C7 spondylolisthesis and myelopathy who received surgery from June 2010 to
April 2017 and could be followed for at least 1 year were included in this study. C7 spondylolisthesis was defined as an anterior slip
of 2mm or more. Medical records were evaluated retrospectively. Evaluated factors were as follows: surgical procedure, JOA score
and recovery rate, Frankel grade, occurrence of ossification of posterior longitudinal ligament (OPLL), ossification of yellow
ligament (OYL) and calcification of yellow ligament (CYL).

Results: Mean age at the time of surgery was 60 (52-68) years old, and mean follow up periods were 38 (12-97) months. Posterior
spinal fusion using pedicle screw and partial laminectomy was performed in 5 cases. Cystectomy with partial laminectomy was
performed in one case with juxta facet cyst. The mean JOA score was 6 before surgery and improved to 9 at the final follow up. The
mean recovery rate of JOA score was 61% (18-89%). Pre-operative Frankel grade was C in 3 cases and D in 3 cases. Post-operative
Frankel grade was D in 2 cases and E in 4 cases. All cases improved more than one grade. OPLL was found in 3 cases. OYL or CYL
were found in 4 cases. Computed tomography (CT) revealed that osteoarthrosis of the facet joint at the C7/T1 spinal segment in all
cases. Juxta facet cyst at the C7/T1 spinal segment was found in 3 cases.

Conclusions: In this study, paralysis in the patients with C7 spondylolisthesis was relatively severe. However, it was improved after
surgery. We thought that the mechanical stress between the rigid thoracic vertebrae and the movable cervical spine might cause
C7 spondylolisthesis. Posterior spinal fusion and partial laminectomy for C7 spondylolisthesis resulted satisfied outcome.
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Calcification of cervical ligamentum flavum: Cause of rapid progressive cervical myelopathy
Atsunori Ohnishi', Akira Yamagishi!, Masayoshi Ishii?, Tetsuo Ohwada?

1Kansai Rosai Byoin, Orthopaedic surgery, Amagasaki, Japan

Question: Acute onset and rapid progression of cervical myelopathy is very rare, except massive disc herniation. Calcification of the
ligamentum flavum (CLF) is one of the causes in some cases. CLF was reported first in 1976 and there are many case reports in
Japan. However, there has been no report on clinical features for cervical spondylotic myelopathy (CSM) with CLF compared with
those without CLF. The aim of this study was to investigate clinical features and surgical outcomes after laminoplasty (LP) for CSM
with CLF.

Methods: 21 consecutive patients with CLF (CLF (+) group) since January 2012 were included in this study. All patients underwent
LP and were followed for at least 2 years after surgery. A control group consisted of 59 consecutive patients without CLF who
underwent LP (CLF (-) group). We investigated duration of the symptom (time from onset to surgery) and JOA score.

Results: The mean duration of the symptom was 10.4 month in the CLF (+) group and 28.6 month in the CLF (-) group with
significantly shorter duration of the symptom in the CLF (+) group. The duration of the symptom was less than three months in
47.6% of the CLF (+) group. The mean JOA score improved significantly from 10.1 points before surgery to 13.0 points at 2-year
after surgery in the CLF (+) group (mean recovery rate 43.6%), and from 11.3 points to 13.5 points in the CLF (-) group (mean
recovery rate 35.5%). The mean preoperative JOA score was significantly lower in the CLF (+) group.

Conclusions: Duration between onset of myelopathy and operation was significantly shorter, and JOA score was significantly lower
in the CLF (+) group, suggesting sudden onset and rapid progression in this group. Because several studies demonstrated
hydroxyapatite and/or calcium pyrophosphate dehydrate in the ligamentum flavum in patients with CLF, crystal deposition might
induce rapid progress of myelopathy. Early decompression resulted in better neurologic outcome.
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Comparison of clinical outcome between posterior foraminotomy and anterior cervical discectomy and fusion for drop finger
caused by 8th cervical nerve root impairment

Masao Koda?, Tetsuya Abe?, Toru Funayama?, Kousei Miura?, Takeo Furuya?, Satoshi Maki!, Katsuya Nagashima?, Kentaro Mataki?,
Masashi Yamazaki?

1Chiba University Graduate School of Medicine, Department of Orthopedic Surgery, Chiba, Japan

2University of Tsukuba, Department of Orthopedic Surgery, Tsukuba, Japan

Question: Drop finger is well known symptom of posterior interosseous nerve palsy. Recently, it has been reported that
impairment by an 8th cervical nerve root lesion can cause drop finger, namely C8 drop finger. Appropriate surgical procedure for C8
drop finger still remains to be elucidated. Here, we compared clinical outcome between posterior and anterior surgeries for C8
drop finger to allow for a better choice of surgical procedure.

Methods: The present study included 15 consecutive patients (13 male and 2 female) who were diagnosed as having C8 drop
finger, in which muscle strength of the extensor digitorum communis (EDC) showed a manual muscle testing (MMT) grade of 3 or
less, underwent surgery and were followed-up at least 1 year after surgery.

For initial nine patients, we performed foraminotomy via posterior approach. We applied anterior cervical discectomy and fusion
(ACDF) for remaining six patients (Figure 1).

We retrospectively investigated the recovery of MMT of the EDC muscle by subtraction of preoperative from the final follow-up
values. We compared the EDC muscle power recovery between surgical procedures.

Results: Patients underwent foraminotomy showed recovery of EDC muscle power (average MMT: 1.4 preoperatively and 3.2
postoperatively) and patients underwent ACDF also showed recovery of EDC muscle power (average MMT: 2.0 preoperatively and
4.0 postoperatively). There was no statistical difference in EDC muscle power recovery between both groups (p=0.38)( Figure 2).
Conclusions: C8 drop finger is better treated by surgery than conservative therapy. To date, there is no statistical difference in
clinical outcome between foraminotomy and ACDF for C8 drop finger.

Figure 1 Figure 2

==== foraminotomy
—— ACDF

EDC MMT improvement

pre post

MMT of EDC foraminotomy ~ ACDF
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CT morphometric analysis of the cervical spinal canal with special reference to the correlation between the levels of the vertebra
Hitoshi Yamahata?, Masanori Yonenaga', Masanao Morit, Tadaaki Niiro?, Jun Sugata’, Tomohisa Okada?, Takaaki Hiwatari?, Koji
Yoshimoto!

1Kagoshima University Hospital, Department of Neurosurgery, Kagoshima, Japan

Question: Sagittal diameter of the cervical spinal canal has been examined because the narrowness of the spinal canal associates
with the development of cervical myelopathy. However, few studies have evaluated the correlation of the size with regard to the
levels of the vertebra. In the present study, we measured the sagittal diameter of the cervical spinal canal and evaluated their
correlation between them.

Methods: We included 84 patients with cranial or spinal disorders in this retrospective study. The spinal canal diameter (SCD) at C1
to C7 and the inner anteroposterior diameter (APD) of the atlas were measured on CT images and their correlations between the
levels were evaluated.

Results: SCD at C1 was the largest and at C4 was the smallest in the cervical spinal canal. While there was a strong correlation
between APD and SCD at C1 level (r = 0.8), the correlation between the size of the atlas and SCD at C4 to C7 was weak (r = 0.2). We
classified the obtained data into two groups according to their SCD; normal group (SCD = 12 mm at any level) and developmental
stenosis group (DS group) (SCD < 12 mm at any level). The mean SCD at C2 to C7 was significantly larger in normal group than in DS
group, however, there was no significant difference between two groups with regard to the APD and SCD at C1 level.

Conclusions: Present study indicates that the subaxial spine does not always affect the size of the atlas. The pathophysiology of the
developmental spinal canal stenosis should be considered the subaxial level and the C1 level separately.
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Short-term effects of hyperbaric oxygen therapy for the patients with cervical myelopathy after cervical laminoplasty
Hiroki Sonoda?, Kiyoshi Tarukado?, Toshihiro Imamura?, Kozo Kaji, Tomohiko Uemori'

1Kyushu Rousai Hospital, Orthopaedics, Kitakyushu Hukuoka, Japan

Question: Hyperbaric oxygen therapy (HBO) is one of the treatment options for spinal cord injury, myelopathy, and so on. Past
literatures have discussed the effects of HBO such as recovery of motor functions, early wound healing, and prevention of infection.
However, the effects of HBO are still controversial. In our institution, patients routinely underwent HBO after cervical laminoplasty.
The purpose of this study was to evaluate the short-term effects of HBO for the patients with cervical myelopathy after cervical
laminoplasty. A retrospective review of the patients treated with HBO after cervical laminoplasty.

Methods: Patients who underwent cervical laminoplasty from 2008 to 2018 in our institution were recruited and were divided into
two groups. One was treated with HBO another was treated without HBO. The reasons for not receiving HBO were due to patient
factors. Clinical results were evaluated using the Japan Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire
(JOACMEQ) and JOA score. Treatment-related complications were also investigated.

Results: We ultimately included 45 patients with complete data after cervical laminoplasty. Thirty-five of 45 patients underwent
HBO and remaining 10 patients did not undergo HBO. The average number of HBO treatments was 4.4 (3-6 single sessions). No
significant differences in the clinical data were confirmed between two groups. No treatment-related complications were also
confirmed in HBO groups.

Conclusions: HBO has no short-term effectiveness after cervical laminoplasty in this study. Less frequent HBO compared to past
reports might affect these results. Furthermore the number of patients was small in present study. Therefore, these results might
not be generalized immediately. Large scale and better quality study should be needed in the future.
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Radiographic evaluation of retro-odontoid pseudotumor associated with degenerative change and posterior fixation
Takao Shinichiro , Haruo Misawa?, Yasuyuki Shiozaki®

10kayama University Hospital, Orthopedics, Okayama, Japan

Question: Non-rheumatoid or non-dialysis retro-odontoid pseudotumor is caused by the chronic atlantoaxial (A-A) or occipito-
cervical (O-C) instability. We have performed posterior fixation for this. The aim of this retrospective study is to evaluate the
radiographic characteristics and outcomes in patients with retro-odontoid pseudotumor who underwent the posterior fixation.
Methods: We retrospectively reviewed 13 patients of non-rheumatoid or non-dialysis retro-odontoid pseudotumor who
underwent posterior fixation; A-A fixation (A-A-F) or O-C fixation (O-C-F). Preoperative CT was evaluated for the existence of
ossification of the anterior longitudinal ligament (OALL), ossification of the posterior longitudinal ligament (OPLL), and degenerative
changes of A-A and O-C joints. We divided them into 4 groups based on the extent of degenerative change of A-A and O-C joints
(none, mild, moderate and severe). Pre- and post-operative CT and MRI were evaluated for the change of tumor size. We also
evaluated clinical outcome using Japan orthopedic association (JOA) score.

Results: 7 patients of them underwent O-C-F and others underwent A-A-F. 4 cases of them had OALL and 2 cases with OALL
underwent O-C-F. The number of patients with degenerative change of A-A joint are 0, 1, 12 and 0, respectively and of O-C joint are
0, 4, 8 and 1, respectively. O-C mild group (4 cases) underwent A-A-F. 7 cases of O-C moderate group (8 cases) underwent O-C-F. O-
C severe group (1 case) underwent A-A-F. The tumor size became reduced except on only two cases (1 O-C moderate and severe
group with A-A-F). JOA score was improved on all cases.

Conclusions: This results suggested that using O-C-F on O-C mild and severe group might make reducing the tumor size compared
with using A-A-F. We should make decision of the surgical method for retro-odontoid pseudotumor, considering the extent of
degenerative change of O-C.

P47

A comparison of stand-alone locking zero-profile spacer and cage+plate for two-level cervical spondylopathy: a randomised control
single-center trial

Christoph Hoffmann?, Matti Scholz?, Philip Schleicher!, Andreas Pingel', Frank Kandziora®

1BG Unfallklinik, Center for Spinal Surgery and Neurotraumatology, Frankfurt, Germany

Question: Anterior cervical decompression and fusion using cages+plates is a standard procedure for patients with multilevel
cervical disc disease (cDD). However, plates might increase rates of postoperative dysphagia and adjacent segment degeneration.
We investigated, if zero-profile devices prove superior versus a cage+plate-construct.

Methods: Consecutive patients with two-level cDD were assigned either to the interventional group (stand-alone zero-profile
device) or control group (cage+plate). Primary endpoint was prevalence of dysphagia at 24 months. Disability according to the Neck
Pain Disability Index (NPDI) at 24-months and progress of adjacent segment degeneration (Kellgreen score) were secondary
outcome measures. Operation time, patient related outcome, complications, loss of correction measured by changes of Cobb angle
(C2-C7) and changes of fused segment angle were recorded. Primary outcome parameter was statistically analysed by Chi-square
test.

Results: 41 patients were randomly assigned to the interventional group (n=21) and to the control group (n=20). Dysphagia occured
frequently in either group at 3-months follow-up (FU), favouring interventional group (7 vs. 12 patients p=0.078). At final FU less
patients of the interventional group complained about dysphagia (3 vs. 6 patients p=0.21) but the difference was not significant. No
relevant differences were recorded for operation time (141min vs. 143 min), NPDI pre operative and at 24 months (56.8%a25.8%
vs. 44.1%3a22.2%), ODOM’s criteria (3.2 vs. 3.5), loss of segmental (4.8° vs. 4.3°) and global (3.3° vs. 3°) correction and adjacent level
degeneration. Fusion rate was slightly lower in the interventional group (92.5% vs. 97.5%).

Conclusions: Using a zero-profile cage dysphagia was infrequent at 24-months but the value did not reach statistical significance.
Hence, this randomized trial was not able to proof the proposed clinical superiority for zero-profile anchored spacer in two-level
cDD.
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The Responsiveness and Reliability of Mid-Sagittal and Axial Plane Metrics in the Assessment of Degenerative Cervical Stenosis on
T2-weighted MR Imaging

Uphar Chamoli', Keerthana Sritharan?, Jeffrey Kuan?, Ashish Diwan?

LUniversity of New South Wales, University of Technology Sydney, St. George & Sutherland Clinical School, School of Biomedical
Engineering, Sydney, Australia

Question: The main objective of this observational cohort study was to assess the responsiveness and reliability of mid-sagittal and
axial plane metrics in the quantitative assessment of degenerative cervical stenosis on T2-weighted magnetic resonance (T2-MR)
images.

Methods: We retrospectively reviewed T2-MR images of patients with single-level degenerative cervical stenosis. Canal
compromise and cord compression were evaluated using three mid-sagittal plane metrics: M1 (ratio of cord to canal diameters),
M2 (ratio of cord diameter to the average of mid-vertebral caudal and cephalad cord diameters), M3 (ratio of canal diameter to the
average of mid-vertebral caudal and cephalad canal diameters). Cord compression was further evaluated using two axial plane
metrics: M4 (ratio of cord anteroposterior diameter to transverse diameter), M5 (absolute area of the cord). Metrics were
evaluated at the level of stenosis and non-stenotic cephalad and caudal levels (controls). Responsiveness was evaluated as
percentage deviation of the given metric from the estimated normal based on cephalad and caudal controls. Reliability for each
metric was evaluated using intraclass correlation coefficients (ICC).

Results: MR data from 85 consecutive patients (48 M and 37F, median age 58 years) were considered in this study. Cervical stenosis
showed a bimodal distribution peaking at C5-6 (n=32) and C3-4 (n=29) levels. No consistent variation was observed in the canal and
cord morphology along the rostrocaudal axis. For the same severity of stenosis, M3 (-32.87+10.60%) was more responsive
compared with M1 (16.64+16.48%) and M2 (-23.95+11.12%). Similarly, M4 was more responsive (-24.62+12.17%) compared with
M5 (-6.71+11.08%).

Conclusions: In the assessment of single-level cervical stenosis on T2-MR images, M3 is more responsive compared with M1 and
M2, and M4 is more responsive compared with M5.

Figure 1
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Syrinx associated with cervical spondylosis: Report of eleven cases

Abolfazl Rahimizadeh?

1pars Advanced and Minimally Invasive Manners Medical Research Center, Spinal Surgery, Teheran, Iran

Question: To describe our experience with syrinx formation in eleven cases with cervical spondylosis and to propose the natural
history of this association. This report becomes more interesting if we consider that the literature is composed of only 6 isolated
cases.

Methods: 11 cases with combination of cervical syrinx and cervical spondylosis are presented. The cause for detection of this
combination was neck pain in 7 and minor neck trauma in 3 cases. Evaluation of one patient who had done already ACDF result in
detection of Syrinx in one case. Neurological exam was normal in all 11cases. T2-weighted magnetic resonance imaging (MRI) in all
cases showed an hyperintense signal within spinal cord, in the vicinity from C3 to T4. All these neurologically asymptomatic cases
were followed from 2 to 5 years

Results: In this combination despite progression of cervical spondylosis, the size of the syrinx and neurological exam remained
unchanged in 9 cases. Interestingly, the syrinx disappeared in two cases.

Conclusions: Despite high frequency of cervical spondylosis development of small syrinx in cervical region is very rare. Local
arachnoiditis should be the cause of its formation. With respect of the natural history, despite progression of cervical spondylosis,
in this association, the neurological status of all patients remained normal. For this reason, prophylactic surgery is not
recommended. The mechanism of spontaneous regression of syrinx which occurred in two of our cases has remained questionable.

Figure 1 Figure 2
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The fate of small and medium size asymptomatic cervical syrinx: Report of 14 cases

Abolfazl Rahimizadeh?

1pars Advanced and Minimally Invasive Manners Medical Research Center, Spinal Surgery, Teheran, Iran

Question: Asymptomatic small and medium size cervical cyst are rare entity and are usually detected incidentally. The information
about this pathology is scarce in the literature. Our aim is to describe our experience about medium term and long term follow-up
of the patients with this pathology.

Methods: 14 cases including 6 males and 8 females with small to medium size cervical syrinx are presented. The age ranged from
23 to 48 years the syrinx was discovered incidentally in evaluation of simple neck pain in 10 and in three after mild neck trauma and
in one volunteer employee of a radiology department for testing a MRI system.

Neurological exam was normal in all cases. No history of a congenital anomaly could be found in any of these patients. The patients
were followed from 6 months to 7 years with periodic MRI.

Results: None of the patients developed neurological deficit. The size of the syrinx remained constant in all cases.

Conclusions: A small or a medium- sized cervical intramedullary syrinx might be discovered incidentally in a MRI done for other
purposes. With respect to the natural history and their benign course, these asymptomatic pathologies don"t require surgical
intervention. Although periodic MRI is recommended.

Figure 1
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Clinical and radiological results of hybrid surgery combined fusion and non-fusion for four-level cervical degenerative disc disease: a
case series study with maximum 6-year follow-up

Wang Han?', Meng Yang?, Wang Xiao Fei?, Liu Hao!

1West China Hospital of Sichuan University, Department of Orthopaedic Surgery, Chengdu, China

Question: Hybrid technique which combines fusion and non-fusion can perform fusion or replacement selectively according to
different degenerative degrees for each segment. However, the studies about four-level hybrid surgery is limited and there are still
concerns about the ideal range of motion and the fusion rate. This is the first study reported the clinical results of four-level cervical
hybrid surgery. We summarized the follow-up and outcomes of nine patients to explore the effect of hybrid technique for four-
level DDD, and discuss the hybrid operation idea of four-level DDD.

Methods: We collected patients who suffered myelopathy and/or radiculopathy with four-level hybrid in our hospital. The inclusion
criteria consisted of (1) continuous 4 levels of cervical DDD between C3 and C7, (2) intact X-ray, CT and MRI information. (3) the
follow-up>12 months. And exclusion criteria involved:(1) previous cervical spine surgery. (2) cervical trauma, infection, tumor or
severe osteoporosis. And finally, from September 2012 to October 2017, a total of 9 patients suffered four-level symptomatic DDD
and underwent hybrid were investigated retrospectively.

Results: The NDI decreased from 41.22+3.38 to 14.56%2.88, the JOA increased from 10.56+1.33 to 15.11+2.03, and the VAS
decreased from 7.11£1.05 to 2.44+0.53. The cervical lordosis values were 8.64+7.27° preoperatively to 10.37+5.10° at final follow-
up. The ROM of C2-C7 was 42.85+5.47° to 26.13+4.48°. The ROM of replacement segment was 9.74+2.30° to 8.69+2.67°. And the
ROM of fusion segment was 8.84+2.53° to 1.21+1.20°. The disc angle was 2.83+2.77° to 2.91+2.30°. HO of grade 0-Il was observed
in 8 patients, while severe HO of grade IlI-IV in 1. Significant device subsidence was observed in 3 patients in ACCF level.
Conclusions: Hybrid technique is a safe and effective procedure for the treatment of four-level cervical DDD.

Figure 1
case no. Age Sex Clinical diagnosis procedure used per disc level Hemorrhage Hospital stay Follow-up time
arthroplast arthrodesis
1 47 F Myelopathy C4/5 C5/6 C3/4 C6/7 400 13 72
2 56 M Myelopathy C4/5 C5/6 C3/4 C6/7 50 16 54
3 59 F Myelopathy C5/6 CB/7 [C3/4 C4/5] 200 13 48
4 63 F Both C3/4 [C4/5 C5/8] Co/ 50 9 37
5 48 M Both C3/4 C4/5 C5/6 C6/7 250 3 37
6 39 F Both C4/5 C6/7 C3/4 C5/6 60 5 24
1 54 M Both C3/4 [C4/5 C5/6] Ce/ 0 6 24
8 53 F Both C4/5 C3/4 C5/6 C6/7 100 8 12
9 50 F Both C3/4 C4/5 Cb/6 C6/7 80 2 12
mean 52.1 140 8.33 35.56

Table 1. Basic characteristics of patients and [] means fusion with ACCF, otherwise with ACDF.

Figure 2
Assessment Preopreation(mean+standard deviation ) Final follow-up(mean+standard deviation)

NDI 41.22+3.38 14.56+2.88
JOA 10.56+1.33 15.11+2.03
VAS 7.11+1.05 2.44£0.53
ROM of C2/C7 42.85+547 26.13+4.48
ROM of arthroplasty segment 9.74+2.30 8.69+2.67
ROM of arthrodesis segment 8.84+2.53 121+1.20
ROM of superior adjacent segment 8.35+3.02 8.45+2.70
lordosis of C2/C7 8.64+7.27 10.37+5.10
angle of prosthesis 2.83+2.77 2.91+2.30

Table 2. The clinical and radiological data of patients preoperatively and postoperatively.
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Acute onset spontaneous spinal cerebrospinal fluid leak, a case with a new neck pain in upright position
Toshio Doi?, Junichi Arima?

IHiroshima Red-Cross Hospital and Atomic-bomb Survivors Hospital , Orthopaedic, Hiroshima, Japan

Question: Spontaneous intracranical hypotension is considered to be caused by spontaneous spinal cerebrospinal fluid leaks.
Because of the relatively rare disease, it is easily initial misdiagnosed. We experienced a relatively rare case of CSF leaks diagnosed
by 111In-DTPA scintigraphy and MRI-myelography and with featured findings of Xanthocromia in lumbar spinal tap.

Methods: A 26-year old man presented with a 10 days history of neck pain, nausea and bussing. Neckpain and headache occuerd at
a sudden during driving a car. Then, symptoms are induced in upright position and are relieved by lying down. No specific finding
was detected by an ENT examination. Magnetic resonance imaging showed widening of extral dural space in cervical and thoracic
spine. Magnetic resonance imaging myelography showed T2 high intensity in cerebro-cervical junction, that is compatible with
cerebralspinal fluid leak. Lumbar spinal tap showed Xanthocromia. By 111In-DTPA scintigraphy, early phase leakage of CSF in
cranial-cervical junction was confirmed.

Results: After conservative treatment of bed rest and urging oral water intake for 4 weeks, headache and neck pain were gradually
reduced. In 8 weeks, any symptoms were gone and returned to work as a gardener.

Conclusions: We report a relatively rare case of CSF leaks. MRI and 111In-DTPA scintigraphy was usuful for its diagnosis. Lumbar
spinal tap showed specific findings of Xanthocromia. Symptoms were relieved after conservative treatment of bed rest and water
intake.

Figure 1

Figure 4

Figure 5

Figure 3
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Is the behavior of disc replacement adjacent to fusion affected by the location of the fused level in hybrid surgery?
Tingkui Wu?, Hao Liu?, Beiyu Wang?, Yang Meng?, Xin Rong?

1West China Hospital, Sichuan University, Orthopedics, Chengdu, China

Question: Hybrid surgery (HS) could be a promising treatment for patients with multilevel cervical degenerative disc disease (DDD).
An advantage of this technique is that it utilizes an optimal procedure according to the status of each level. However, information is
lacking regarding the influence of the relative location of the replacement and the fusion segment in vivo.

Methods: This is an observational study. Between January 2010 and July 2016, 75 patients with cervical DDD at 2 contiguous levels
undergoing 2-level HS were retrospectively reviewed. The patients were divided into (arthroplasty-fusion) AF and (fusion-
arthroplasty) FA groups according to the locations of the disc replacement. Clinical outcomes were evaluated according to the
Japanese Orthopedic Association (JOA), Neck Disability Index (NDI) and Visual Analogue Scale (VAS). Radiological parameters,
including cervical lordosis, the range of motion (ROM) of C2- C7, the operated and adjacent segments, and complications, were also
evaluated.

Results: JOA, NDI and VAS scores were improved in both the AF and FA groups. Both groups maintained cervical lordosis, but no
difference was found between the groups. Segmental lordosis at the fusion segment was significantly improved postoperatively,
while it was maintained at the arthroplasty segment. The FA group exhibited a non-significant improvement in ROM at the
arthroplasty segment. The ROM adjacent to the arthroplasty segment was increased, although not significantly, while the ROM
adjacent to the fusion segment was significantly improved after surgery in both groups. Fusion was achieved in all the patients. No
significant difference was found between the groups regarding complications.

Conclusions: In HS, cephalic or caudal fusion segments to the arthroplasty segment did not affect the clinical outcomes and the
behavior of arthroplasy. However, the ROM of adjacent segments was affected by the location of the fusion segment.

Figure 1 Figure 4
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The relationship between American Society of Anesthesiologists Classification (ASA classification) and postoperative outcomes for
the patients treated by cervical laminoplasty

Kensuke Shinohara?, Tomohiko Hirose?, Kazuhiro Takeuchi!, Shinnosuke Nakahara®

10kayama Medical Center, Orthopaedic surgery, Okayama, Japan

Question: The majority of treatment for cervical myelopathy is surgical procedure. However, the relationship between
preoperative ASA classification and postoperative outcomes is unknown. The purpose of this study is to evaluate the influence of
ASA score to postoperative outcomes of cervical laminoplasty.

Methods: 121 patients who underwent surgery of cervical laminoplasty (male / female, 89/32: mean age at surgery, 67.8 years old)
were enrolled. All cases were performed open-door laminoplasty and consisted of 59 cervical spondylotic myelopathy patients and
62 cervical ossification of posterior longitudinal ligament patients. The minimum follow up periods was 1 years after surgery.
Preoperative and postoperative Japanese Orthopaedic Association score (JOA score) and ASA score (Maximum 6 points) were
obtained. The correlation coefficients between the ASA score and final follow-up JOA score were measured.

Results: The mean operative time was 81 minutes and the mean intraoperative blood loss was 77 ml. The mean follow-up period
was 31.5 months. The average of JOA score was 10.7 before surgery, and 14 at final follow-up. The JOA improvement rate was
54.1%. The total average ASA score was 1.8 . The correlation coefficient between ASA score and JOA improvement rate was -0.3, it
was weak relationship. The correction coefficient between ASA score and operation time, or intraoperative blood loss had almost
no relationship (r=-0.04 respectively). There were no major postoperative complications in all patients.

Conclusions: The ASA score is very useful item to evaluate preoperative status of the patients and would be good predictor of
postoperative outcomes and complications. This study showed the tendency that high ASA score related low JOA improvement.
However, in this study, we could not find the coefficient between the ASA score and postoperative outcomes. The limitation of this
study was small sample cases. We continue this study to evaluate in more bigger cases and determine the influence of ASA score.

P55

Cervical disc prosthesis compared to anterior cervical interbody fusion: Experience and results
Michail Tschigriai®

1Praxis, Halle, Germany

Question: The purpose is to compare the patients outcomes after intervertebral cervical disc prosthesis and after anterior fusion
according the provide relief from objective neurological symptoms and signs, improve patient function, decrease pain, and provide
motion.

Methods: 10 patients with disc prosthesis, 10 with cage and 10 with pallacos were assessed pre/post-op, 6 weeks, 3/6 months, 1
year. Patient inclusion criteria: disc herniation/spondylosis, with radiculopathy or myelopathy. Exclusion criteria included previous
cervical spine surgery, significant cervical anatomical deformity or clinical instability. Results were scored according to a modified
Odom's Criteria, based on relief of preoperative symptoms and relief of objective neurological signs associated with the treated
level. Radiographs were analysed to determine range of motion and assess device migration or subsidence.

Results: Of the 10 with disc prosthesis at 1 year follow-up, 8 (80%) were classified as excellent, 1 (10%) as fair and 1 (10%) as poor.
Of the 10 with cage at 1 year follow-up, 8 (80%) were classified as excellent, 1 (10%) as fair and 1 (10%) as poor. Of the 10 with
pallacos at 1 year follow-up, 7 (70%) were classified as excellent, 2 (10%) as fair and 1 (10%) as poor. The range of motion for
patient with disk prosthesis at 6 months was unvaried compared to pre-op range of motion. The patients with anterior fusion lose
the pre-op range of motion. There have been no device migrations or device subsidences in all patients.

Conclusions: The reconstruction of a failed interverterbral disc with a disc prosthesis should offer the same benefits as
decompression and fusion while simultaneously providing motion thereby protecting the adjacent level disc from the abnormal
stresses associated with fusion by maintaining physiological motion and kinematics.
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The utility of electrophysiological examination measuring F-waves and compound action potentials of upper extremities for
prognosis of the symptom of cervical radiculopathy

Norihiko Sumiyoshi?, Takahiro Kubo?

IMatsuyama shimin hospital, Orthopaedic surgery, Matsuyama, Ehime, Japan

Question: Most patients with cervical radiculopathy are effectively treated by conventional and non-invasive methods. However,
some patients do not respond to these treatments.The aim of this study was to determine the usefulness of measuring F-waves
and compound action potentials (CMAPs) of the upper extremities to predict response to non-invasive treatment in patients with
cervical radiculopathy.

Methods: We included 17 patients diagnosed with C6, 7, 8 cervical radiculopathy. We measured F-waves and Erb-point-stimulated
CMAPs and analyzed the relationship between these findings and changes in symptoms over three months. We assessed F-waves in
bilateral median and ulnar nerves. Each nerve was stimulated with a supramaximal current intensity using 52 consecutive
stimulations. The F-wave parameters included the incidence and chronodispersion of F-waves. We also analyzed the amplitude of
Erb-point-stimulated CMAPs in the affected side of upper extremities comparing with unaffected side.

Results: 10 patients did not respond to conventional treatment. In these 10 patients, 5 patients needed specific nerve root block,
and 4 patients required surgical treatment. In these non-respond patients, 8 patients showed a decreased incidence of F-waves
(<70%) or an increased chronodispersion of F-waves (>150%) on the affected side compared with unaffected side. Furthermore, in
2 of 4 patients who had surgical treatment, the amplitude of CMAPs on affected side was decreased to <30% compared with
unaffected side.

Conclusions: It is possible that patients with fewer anterior horn cells and severer conduction disturbance, resulting in a decreased
incidence or increase of chronodispersion of F-waves, may be resistant to conventional treatment and decreased amplitude of
CMAPs may indicate persistence of muscle weakness. The analysis of F-waves and CAMPs in upper extremities of patients with
C6,7,8 cervical radiculopathy could be prognostic of changes in symptoms and need for surgery within three month.

P57

Multilevel cervical spondylo-arthropaty with or without myelopathyEvaluation of long term-follow-up between anterior and
posterior approach

Giovanni Barbagli?, Giancarlo Lastrucci?, Gianmarco Marchese?, Niccold Giabbani', Giulio Carlo Wembagher?!, Stefano Romolit
LAzienda Ospedaliero-Universitaria Careggi, Chirurgia della Colonna, Firenze, Italy

Question: In case of cervical spondylo-arthropathy, between anterior and posterior surgery, do one approach is superior to the
other, in terms of clinical and radiological outcomes?

Methods: From 2008 to 2018 we have collected data from archive and we performed this retrospective study which included 350
consecutive patients (200 males and 150 females) that undergoing surgery for multilevel spondylotic disease. Then the patients
have been divided into two groups according to surgical approach: anterior (n = 303) and posterior (n = 47). Among them, we
selected only the patients of whom surgery has been involved >3 intervertebral segments. The average follow-up was 4 year and 6
months long. We evaluated either clinical parameters and radiological issues before and after surgery.

Results: Among the anterior group the patients selected had a better pre-op clinical status either under neurological and general
point-of view. Apart that, the selection of the approach has been made on the surgeon preference and thus there"s a slight
predilection for the posterior one. The rate of clinical complications, such as temporary dysphagia and or dysphonia was obviously
much higher on the anterior group than the posterior. On the posterior group, we had two cases of reoperation due to a screws
pull-out, both of them over 1-year of follow-up. The neural recovery rate appeared to be the same between the two groups.
Conclusions: Our study clearly shows that there are not significant differences, in terms of clinical and radiological outcome, on the
follow-up, even on a long-term one between anterior and posterior approach for multiple level spondylotic cervical disease. We
noticed that patients underwent anterior approach tend to have a better post-operative neural function than posterior ones; in the
meantime, there is no substantial difference in the clinical recovery rate.
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Does cervical cage shape. Influence intersomatic fusion? Perspectic studio and clinical experience

Mauro Costagliolil, Pierluigi Sannais?, Carla Pani?

1CDC Korian Polispecialistic S Elena Institute, Spine Unit, Cervical and Miniinvasive Surgery , Quartu S Elena - Cagliari, Italy

Question: There are many different types of cages on the market, regardless of the material of which they are composed, different
sizes and shapes so that they adapt perfectly to the disc space and allow a solid interbody fusion. The purpose of our study is to
understand if and how cage shape (in particular anatomical or lordotic) affects the quality of interbody fusion.

Methods: From 2014 to 2017, 86 patients underwent ACDF in a single level for degenerative disc disease (DDD). The clinical and
radiological outcome was evaluated in 57 eligible patients after an average of 12 months. In 31 patients an anatomic cage was
used, while in 26 patients a lordotic cage was used. The materials used were trabeculated titanium and PEEK
(polyetheretherketone) filled with synthetic bone in a different shape. Numeric rating scale (NRS) and Neck Disability Index (NDI)
was used for clinical evaluation

Results: Solid arthrodesis was obtained in 90.3% in the group treated with anatomically designed cages and in 88.5% in the group
treated with lordotic cages. The subsidence of the cage (> 2mm) was observed in 15.5% of the group treated with anatomical cages
and in 12.4% in the group treated with lordotic cages. A significant correction of segmental lordosis was obtained with both types
of cages. Both groups showed significant clinical improvement, assessed with numeric rating scale (NRS) and Neck Disability Index
(NDI).

Conclusions: The clinical and radiological outcomes of ACDF with anatomic or lordotic cages do not appear to be influenced by the
chosen graft. The material, the size, the bone density, the preparation of the vertebral end-plates and the distraction applied
during the surgery must be considered as further important factors.

P129

Clinical study of anterior cervical discectomy and fusion for erdely patients with cervical anterior slip — postoperative correction loss
of slip was a risk factor for early deterioration

Ryo Kadota?!, Macondo Mochizuki?, Aiba Atsuomi!, Masao Koda?

INumazu City Hospital, Orthopedics, Numazu, Japan

?Tsukuba University Hospital, Orthopedics, Tsukuba, Japan

Question: The aim of this study is to investigate postoperative correction loss of slip after anterior cervical discectomy and fusion
and clarify its influence on early deterioration of myelopathy.

Methods: Sixty-four patients over 70y.o. who underwent anterior cervical discectomy and fusion with a dynamic plate in our
hospital from 2006 to 2017 and followed more than 3mo were included in this study. Their mean age was 78.1yo. We defined
anterolisthesis as anterior vertebra displacement more than 3mm in a flexion radiograph. We investigated incidence of
anterolisthesis, anterior-posterior instability, the correction of the slip by surgery and the loss of the correction in follow-up. We
also researched the early deterioration of myelopathy within 1mo after surgery and assessed the influence of the correction loss of
the slip on the early deterioration.

Results: There were 13 cervical anterior slip cases and 7 out of them had anterior-posterior instability. We found 6 out of 7 cases
with A-P instability had loss of the correction postoperatively. There were 6 cases who developed early deterioration of
myelopathy, 3 out of them had the loss of the correction.

Conclusions: We thought postoperative correction loss of slip after anterior cervical discectomy and fusion was a risk factor for
early deterioration of myelopathy. Therefore, anterior cervical corpectomy of lower vertebra of the slip and fusion should be
considered in such cases.
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A direct In Vivocomparison of five cervical disc prostheses: A caprine study
Hoon Choi?, Jamie Baisden?, Narayan Yoganandan?

IMedical College of Wisconsin, Neurosurgery, Milwaukee, WI, United States

Question: Despite the widely heterogeneous designs of the approved cervical prostheses for cervical arthroplasty, there is a
paucity of direct comparison studies. The authors decided to conduct a direct comparison study of five popular, but
biomechanically heterogeneous, cervical disc prostheses.

Methods: A total of 21 goats underwent C3-4 cervical arthroplasty under general anesthesia and were monitored for three months
in a monitored veterinary unit. Group A (n=5) received Bryan (Medtronic) (unconstrained one-piece enclosed design). Group B
(n=5) received ProDisc-C (Centinel Spine) (semi-constrained two-piece open metal-on-polymer design). Group C (n=4) received
Mobi-C (Biomet Zimmer) (unconstrained three-piece open metal-polymer-metal design). Group D (n=3) received Prestige LP
(Medtronic) (semi-constrained two-piece open metal-on-metal design). Group E (n=4) received Secure C (Globus Medical) (semi-
constrained three-piece open metal-polymer-metal design). Intra- and post-op radiographs were obtained up to three months.
Results: No goat in Group A had adverse effects. One out of five goats in Group B had anterior extrusion at 3 months. All four goats
in Group C experienced anterior extrusion (3 in one week and 1 in one month). Three out of three goats in Group D demonstrated
anterior migration (1 extruded at two months; 1 extruded at three months; 1 migrated anteriorly but did not extrude by the end of
three months). One out of four in Group E anteriorly migrated at one week but did not extrude.

Conclusions: This caprine model simulates a highly active and flexible human cervical spine. Open multi-piece semi-constrained or
unconstrained designs with permissible translation of axis of rotation may be susceptible to anterior migration and possibly
complete extrusion out of the disc space followed by disintegration. This should be considered when evaluating a patient for
possible cervical arthroplasty and choosing a specific cervical disc prosthesis.

Figure 1

Figure 2

Figure 3
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Anterolateral foraminal decompression with complete removal of uncovertebral joint for cervical radiculopathy
Keiichi Iseda?, Kenji Takahashi!, Masaaki Nakajima®

10kayama Saiseikai General hospital, Neurosurgery, Okayama, Japan

Question: Cervical radiculopathy due to foraminal stenosis is most commonly treated with ACDF. However, this fusion procedure
carries future risk of adjacent segment disease. To overcome this unsolved problem, anterior foraminal decompression without
fusion is another treatment of choice. In anterior foraminal decompression surgery, only proximal foramen is usually decompressed
and this partial decompression carries risks of inadequate decompression and future recurrence. In the present study, we
conducted anterior foraminal decompression with removal of all the uncovertebral joint, achieving complete foraminal
decompression, and investigated postoperative clinical and radiological outcomes.

Methods: Twenty two patients with cervical radiculopathy due to foraminal stenosis underwent anterior foraminal decompression
with complete resection of uncovertebral joints. Neck and arm VAS, Neck disability index (NDI) were measured and cervical XP, CT
and MRI were done pre-and post-operatively.

Results: Most patients preoperatively had marked painful symptoms which almost disappeared immediately after operations in all
cases. Preoperative Arm-VAS, Neck-VAS, NDI was average 8.0, 7.8, and 22.3 changed 1.1, 0.8, and 3.1, respectively. Average follow-
up period was 3.8 years (6-2) and there was no newly-developed cord compression at adjacent disc levels although natural
intervertebral fusion was observed in some patients. No patient had experienced the recurrent radiculopathy at the same
decompression site or any other level. No alignment problems occurred.

Conclusions: All patients experienced immediate, clear-cut pain relief, which might be achieved by complete and direct
decompression of nerve root. There was no case with adjacent disc disease, which could be due to motion-preserving procedure.
Although the present study had significant outcomes in the treatment of cervical radiculopathy, more cases and longer follow-up
will require to draw any conclusions.

Figure 1

Figure 2
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Comparison of clinical and radiological outcome of 2 cervical disc prostheses with particular focus on the development of
heterotopic ossifications

Christoph Mehren?, Franziska Heider!, Daniel Sauer?, Tuna Pehlivanoglu?, Wolfgang Hitzl, Karin Wiirtz-Kozak?, Bastian Storzer®
1Schén Klinik Munich Harlaching, Spine Center, Munich, Germany

Question: Aim of this non randomised prospective comparative case series study was to determine whether the prosthesis design,
and especially changes in the primary anchoring mechanism between a the keel-based and the spike-based cervical total disc
replacement (cTDR) affects the frequency of heterotopic ossifications (HO) formation over time. Secondary the aim of this study
was to evaluate the influence of the prothesis design regarding the clinical and the radiological outcome.

Methods: 40 consecutive patients treated with a keel-based and 42 consecutive patients treated with a spike-based cTDR were
compared with respect to radiological and clinical outcome with 2 years of follow up. Clinical outcome scores included the Neck
Disability Index (NDI), Visual Analogue Scale (VAS), arm and neck pain self-assessment questionnaires. The radiological outcome
included the segmental lordosis and range of motion (ROM) of the index-segement as well as the occurrence of HO.

Results: The clincial outcome paramter improved in both groups significantly. (keel-based TDR: VAS arm and neck pain from 6.3
and 6.2 in mean preoperatively to 0.7 and 1.3. NDI from 23.0 points to 3.7 points; spike-based TDR: VAS arm and neck pain from 6.3
and 4.9 to 1.4 and 1.6, NDI from 34.1 points to 8.7 at the 2 years FU). The spike-based cohort has statistically significant lower
incidence of HO compared to the keel-based group in both FU (p=0.00052 at 1 year FU and p=0.0053). At the 2 years follow up in
the spike-based group high grade ossifications were detected in only 9%. This is a significant reduction in comparison with the keel
anchoring prosthesis group (31%).

Conclusions: The primary anchoring of the prosthesis without violating the cortical surface might help to reduce the incidence of
severe ossifications and seems to influence positively the functionality and mobility of the artifical disc device in the progression of
time.

P63

Unintended fusion in cervical artificial disc replacement: A prospective study on heterotopic ossification and clinical outcome, with
5 years follow-up

Catarina Marques?, Anna MacDowall?, Martin Skeppholm?, Nuno Canto Moreira3, Claes Olerud?®

1Uppsala University Hospital, Surgical Sciences, Uppsala, Sweden

?Karolinska Institute, Department for Learning, Informatics, Management and Ethics, Stockholm, Sweden

3Karolinska University Hospital, Clinical Neuroscience, Pediatric Radiology Section, Stockholm, Sweden

Background: ACDF is the gold standard surgical treatment in patients with cervical degenerative disc disease with radiculopathy.
Implants for artificial disc replacement (ADR) were developed as an alternative to ACDF. ADR was expected to preserve motion,
decrease the incidence of adjacent segment pathology and consequently lead to better clinical outcomes.

Heterotopic ossification (HO) is an unintended event that may lead to spontaneous fusion of the ADR, thus failing to preserve
motion.

Research question: What are the prevalence and predisposing factors for HO in cervical ADR? Does severe HO affect clinical
outcomes?

Design: Analysis of a multicentre prospective RCT. 153 patients blindly randomized to ADR or ACDF, maximum two disc levels. All
ADR patients received NSAID to prevent HO.

Methods:

Of 83 ADR patients, we included the 64 (86 prosthesis) that had good-quality radiological follow-up studies at 5 years.

HO was graded on X-ray 5 years postoperatively (2 viewers, modified McAfee classification). Baseline characteristics and several
parameters on image studies (CT, MRI and X-ray) were analysed. The clinical outcome measure was NDI.

Results: HO in 92% of the prosthesis after 5 years.

Severe HO (grade 3 or 4) in 71% and complete fusion (grade 4) in 27% after 5 years.

Significantly less HO (and of lower grades) in women.

Age and BMI seem to be predisposing factors for HO.

No difference in NDI found between patients with severe HO and those with none or mild HO.

Discussion: Disc prosthesis are meant to move, in order to be an alternative to fusion regarding the potential prevention of
adjacent segment pathology.

Despite NSAID treatment, almost all patients have HO after 5 years, more than 2/3 of prosthesis have severe HO and over 1/4
actually spontaneously fuse. However, clinical outcomes were not affected by severe HO.

Male sex, older age and obesity are known risk factors for DISH. Perhaps HO in artificial discs has a similar pathomecanism.
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Anterior bone loss of vertebral bodies after cervical total disc replacement: an opposite of anterior heterotopic ossification?
Xiaofei Wang?, Hao Liu?, Yang Meng?

1West China Hospital, Sichuan University, Department of Orthopaedic Surgery, Chengdu, China

Question: Heterotopic ossification of the anterior part of vertebral bodies (AHO) after cervical total disc replacement (c-TDR) has
been widely observed. However, few studies have reported the prevalence and clinical significance of anterior bone loss (ABL) after
c-TDR. Besides, the relationship between ABL and AHO remains unknown. The first objective of this study was to describe the
impact of ABL on c-TDR. The second objective was to compare the clinical and radiological differences between ABL and AHO.
Methods: This was a single-center, retrospective study. We reviewed 53 patients underwent single-level c-TDR with a minimum 24-
month follow-up. Patients were divided into ABL group or AHO group based on postoperative radiographs. Demographic
information, cervical alignment, disc angle, range of motion (ROM), VAS, NDI, and JOA scores at each follow-up time were analyzed.
Results: The mean follow-up time was 55.3 months. At the last follow-up, the incidence of ABL was 58.5% (31/53), and the
incidence of AHO was 26.4% (14/53). Except for 4 patients presented ABL during the first year after surgery and had grade 3-4 AHO
gradually, there were 27 patients in ABL group, 11 patients in AHO group and 11 patients in normal group (without ABL or AHO). It
could not conclude that there was a significant difference in age, sex, sagittal alignment, disc angle, VAS or JOA scores among the
three groups. Compared to the AHO group, the ABL group had a smaller sagittal alignment (5.9° vs 11.2°) and ROM (7.9° vs 11.9°)
before surgery. Besides, the ABL group had a smaller variation of ROM immediately after surgery (1.7° vs -4.3°). The subsidence
rate in ABL group was 7.4% (2/27), while there was no subsidence in AHO group. No patients required revision surgery.
Conclusions: ABL is common and does not affect long-time outcomes. ABL is not an opposite of AHO, they occur in a different
period. Patient with ABL may get AHO during follow-up. Compared to AHO, ABL may be responsible for a good motion preservation
effect after c-TDR.

Trauma of the subaxial cervical spine
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A case report of "locking spondyloptosis" ; the most severe traumatic cervical spondyloptosis with locking of spinous process and
vertebral arch into spinal canal

Takeru Tsujimoto?, Kota Suda?, Satoko Matsumoto?!, Miki Komatsu', Masahiro Ota?, Yasuaki Tojyo?, Yoshihiro Utsunomiya?, Mitsuru
Asukai!, Masahiko Takahata?, Norimasa lwasaki?, Akio Minami

LHokkaido Spinal Cord Injury Center, Department of Orthopaedic Surgery, Bibai-shi, Japan

2Hokkaido University, Department of Orthopaedic Surgery, Faculty of Medicine and Graduate of Medicine, Sapporo, Japan

Question: Compressive-extension injury stage 5, namely traumatic cervical spondyloptosis is not uncommon, however, case with
locking of spinous process and lamina into spinal canal is extremely rare

Research question There is no report of traumatic cervical spondyloptosis with locking of spinous process and vertebral arch into
spinal canal.

Design : Case report.

Methods: A 69-year-old man was injured by a motor vehicle collision and diagnosed as C7 spondyloptosis of compressive extension
(CE) stage 5 of Allen"s classification in our department about 6 hours after injury. He had paraparesis with American Spinal Injury
Association (ASIA) Impairment Scale (AlIS) Grade B . CT scan showed C7 spondyloptosis with locking of C6 spinous process and
vertebral arch into spinal canal.

Results: Closed reduction was absolutely invalid because of rigid locking of spinous process and vertebral arch into spinal canal. He
was transferred to operation room 30 minutes after arrival of our institute and underwent open reduction and fusion via only
posterior approach. Three months after surgery, he had made significant neurologic recovery up to ambulatory (AIS Grade D).
Conclusions: Although high-grade CE injuries are usually instrumented an anterior-posterior combined approach, instrumentation
with posterior approach alone is available by making sure of reliable anchors such as pedicle screws or multiple lateral mass screws.
To our knowledge, this is the first report of traumatic "locking spondyloptosis", of the spinous process and vertebral arch into spinal
canal. Because closed reduction is invalid for "these rigid locking" , urgent open reduction would be beneficial for that "locking
spondyloptosis".
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Figure 1

Figure 1. Locking spondyloptosis
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What is the best indication for CT angiography screening of vertebral artery injury associated with cervical trauma?

Mitsuru Asukai'?, Kota Suda?, Satoko Matsumoto?, Miki Komatsu?, Masahiro Ota?, Takeru Tsujimoto?, Yoshihiro Utsunomiya?,
Yasuaki Tojo?, Akio Minami?, Yukihiro Matsuyama?

1Hokkaido Spinal Cord Injury Center, Orthopaedic surgery, Higashi4jo Bibai, Hokkaido, Japan

2Hamamatsu University School of Medicine, Orthopaedic Surgery, Hamamatsu, Shizuoka, Japan

Question: Vertebral artery injury (VAI) is a common complication of cervical spine injury. Either CT angiography (CTA) or MR
angiography (MRA) would be first choice, however, there is no clear strategy of screening using CTA which is invasive compared to
MRA.

Research question: We queried whether all patients with cervical spine injuries required CTA to rule out VAL

Design: A retrospective study using CTA on consecutive patients with cervical spine injuries.

Methods: During a 4-year period, 112 patients (16 female, 96 male; mean age 67.5 years) with cervical spine fractures-dislocations
were retrospectively evaluated for patency of the vertebral artery using CTA.

Results: The injury type were distractive flexion (DF) in 34 patients (30.4%), distractive extension (DE) in 34 patients (30.4%),
compressive extension (CE) in 17 patients (15.2%), compressive flexion (CF) in 8 patients (7.1%), lateral flexion (LF) in 1 patient
(0.9%), and upper cervical spine in 10 patient (8.9%). The remaining injuries (7.1%) were unclassified. The incidence of vertebral
artery occlusion detected by CTA (n = 6) was 5.4% in all types of cervical spine injuries. Each injury types of patient with vertebral
artery occlusion was 2 patients in DF stage 2 and DF stage 3, 1 patient in CF stage 4 and LF stage 1 respectively. Separated by injury
type, the incidence of vertebral artery occlusion was 11.8% in DF (4/34), 5.9% in CE (1/34), 100% in LF (1/1).

Conclusions: This study shows that any grade of DF and high grade CE have high risk of VAl For these injuries CTA is more
advantageous in terms of saving time, because they need urgent reduction and fusion in order to save the spinal cord.

P67

Clinical management for spinal cord injury in patiens with cervical ankylosing disorders (ASD)
Kazuhiro Takeuchi?, Shinnosuke Nakahara?, Tomohiko Hirose!, Kensuke Shinohara?

INational Hospital Organization Okayama Medical Center, Orthopaedic Surgery, Okayama, Japan

Question: Ankylosing spinal disorders (ASD) includes AS, ASH and DISH. ASD is a great risk factor for fracture due to the loss of
flexibility and bone quality.

In this study we reviewed our management for cervical fracture and discussed about the pathology in ASD patient.

Methods: We report 48 cervical ASD cases with spinal cord injury (SCI). The clinical records were reviewed regarding to pain and
neurological status. CT revealed bone condition and MRI identified 3-columns injury. We investigated ASD type and bone quality.
Results: Neurological deficits were revealed in 40 / 48 patients. 40 patients (83%) had minor trauma and 21 / 40 patients had late
neurological deterioration.

Surgical treatment has been performed in 45 patients. The rest three patients were followed conservatively due to their co-
morbidity. In this series, all patients except one ABF case were treated with using posterior screw fixation. Surgical outcomes were
reliable. Pain control was good. 13 / 37 patients showed neurological recovery. However there was no improvement in 24 cases
including 10 Frankel A. One Frankel A patient was died due to postoperative pneumonia. One anterior fusion case needed revision
surgery according to non-union.

We divided into three groups to assess ASD type (1:continuous, 2:segmental, 3:combined type). 45 surgical cases were divided in
20 continuous, one segmental and 24 combined cases.

Pathology of the fracture was different between ASD types. Continuous group showed bone injury like long bone, however 24
combined cases showed 13 bone fractures and 11 marginal lesions. Though bone quality was poor, CT revealed rim sclerosis
including bone bridge and ossification in 23 cases. These rim sclerotic changes assisted short fusion in 9/23 cases.

Conclusions: Cervical fracture in ASD requires aggressive surgical intervention. Multiple screw fixation is the first line to allow
sound bone healing. However short fusion is also available in combined ASD type with rim sclerosis.
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Clinical analysis of lower cervical spine injury according to injury mechanism: Data of 477 surgical patients

Tae Young Kwon?, Kyung Jin Song?, Jong Hyun Ko?, Hyung Jik Kim?

1Chonbuk National University Hospital, Chonbuk National University, Department of Orthopedic Surgery, Jeonju-si, Jeollabuk-do,
South Korea

Question: To analyze the incidence and treatment outcomes of lower cervical spine injury since there is no long term, large Korean
data available.

Methods: We analyzed 477 patients with lower cervical spine injury who underwent surgical treatments between January 2000 and
December 2017. The injury types are based on Allen's classification, and neurologic injury was classified as complete, incomplete
cord injury, root injury and no neurologic status. We analyzed postoperative complications, neurologic recovery and the relief of
pain.

Results: Distractive-extension injury occurred most commonly in 245 patients (51.6%). Neurologic injury was detected in 432 cases
(90.5%); 62 (14.3%) complete cord injury; 270 (62.5%) incomplete cord injury; and 96 (22.2%) root injury. Incomplete cord injury of
distractive extension injury was poorly recovered. Clinical outcomes demonstrated improvement compared with the preoperative
values in mean visual analogue scale. Complications were respiratory failure, neurogenic bladder, urinary tract infection and
gastritis.

Conclusions: This study showed the highest incidence of distractive extension injury and neurologic injury contrary to previous
studies. This result was caused by the use of plain radiograph to establish Allen's classification in the past. Therefore, we suggest
the use of magnetic resonance imaging for evaluating soft tissue injury with Allen's classification to achieve accurate assessment.

P69

Surgical strategy in cervical fracture-dislocation: anterior, posterior, or new approaches? A novel technique of cervical pedicle
screw fixation with reverse insertion in the supine position

Takamitsu Tokioka?, Yoshiaki Oda?

1Kochi Health Sciences Center, Orthopedic surgery, Kochi, Japan

Question: To resolve reduction-induced disc herniation (DH) and vertebral artery injuries (VAI) in patients with cervical fracture-
dislocation, we evaluated conventional procedures and developed a novel technique.

Methods: The first phase included 35 patients during a 12-year period starting in April 2005. Anterior fusion was performed in 10
patients, posterior fusion in 7, and minimally invasive cervical pedicle screw fixation (MICEPS) via a posterolateral approach in 18.
In the second phase starting in 2017, a novel technique of minimally invasive cervical pedicle screw fixation with reverse insertion
following anterior cervical discectomy and fusion (reverse MICEPS) was performed in the supine position. A probe was passed from
the anterior aspect of the vertebra to the pedicle using a navigation system and a guide pin was passed through the posterolateral
skin. A small incision was made, and cannulated pedicle screws were placed using reverse insertion and fixed with a rod. This
procedure was used in 7 patients who were then evaluated. The mean age was 64.0 years.

Results: 1) An extruded DH was identified on preoperative MRI in 11 (31.4%) of 35 patients and VAl was diagnosed in 22.8%.2)
Discectomy was added in 2 (8.0%) of 25 patients who underwent posterior or posterolateral procedures due to DH-induced
neurological deterioration after reduction. 3) In the reverse MICEPS group, mean operative time was 187 minutes and blood loss
was 164 ml. 4) The approach side was selected to avoid dominant VA injury, and the procedure was performed in 3 patients via the
right anterior neck, and in 4 patients via the left. 5) DHs were removed in all cases and a cage was inserted. 6) There was no
neurological deterioration.

Conclusions: The posterior or posterolateral approach is limited in the ability to remove the DH, and has a potential risk of causing
a neurological deficit. We developed the reverse MICEPS in the supine position to enable removal of the DH and provide strong
fixation with restoration of lordosis.

Figure 1
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Deformity correction in cases of lower cervical spine trauma of patients with ankylosing spondylitis

Petr Vachata?, Jan Lodin?

1Jan Evangelista Purkyne University, Spine center, Dpt. of Neurosurgery, Masaryk Hospital, Usti nad Labem, Czech Republic

Question: The optimal management of patients with lower cervical spine trauma with AS is not clearly established. The strategy of
simultaneously treating the traumatic lesion as well as correcting spinal deformity is not universally accepted.

Methods: Retrospective analysis was performed in 22 cases of patients with AS, operated during the last decade for acute subaxial
trauma. There were 20 male and 2 female patients, average age was 67 years, the most commonly involved segment was C6/7
(50%). A secondary level spinal injury was present in 4 cases. Ten patients presented without a neurological deficit, 9 patients had
an incomplete lesion and 3 patients had a complete spinal cord lesion. The preferred therapeutic strategy was a 360 degree
stabilization and fusion, which was performed in 16 cases, an isolated anterior approach was used in 6 cases. The analyzed
parameters included clinical and neurological state at admission and follow-up, radiological parameters, segmental kyphosis
correction and CBVA measurements.

Results: All 3 patients presenting with complete spinal cord lesions died. Of the 9 patients with an incomplete spine lesion, 7
improved by one or two ASIA grades, 2 had stationary lesions. Of the patients operated using an anterior approach, one patient
had instrument failure, which required a 360 degree correction. There were no cases of instrument failure in the group of 360
degree corrected patients. The average segmental correction was 6 degrees (0-11) in the group of patients treated using solely the
anterior approach and 21 degrees (4-45) in the group treated by a 360 degree approach. These results are in correlation with the
CBVA.

Conclusions: These preliminary results suggest that a 360 degree correction is superior to an isolated anterior approach in
achieving deformity correction as well as the construct stability and long-term outcome. The main limitation of the broader 360
degree approach is clinical state of the patient.

P71

Recurrent dislocation after anterior surgery in subaxial traumatic fractures

Barbara Cappelletto?, Massimo Balsano?, Fabrizia Giorgiutti'

1Azienda Ospedaliero Universitaria SMM, ASUI di Udine, S.0.C. di Chirurgia Vertebro-midollare, Udine, Italy
2A0UI di Verona, U.O. Ortopedia A, Verona, Italy

Question: Recurrent dislocation after surgery in cervical spine requires careful planning and revision. The purpose of this study is to
assess the clinical and radiological outcome of patients undergoing revision surgery for hardware failure in subaxial cervical
fractures.

Methods: In a series of 128 consecutive patients with cervical subaxial fractures operated on in our Department, 3 needed a
second surgery because of recurrent dislocation. Clinical and radiological features are presented. Surgical solutions are assessed.
Results: The 3 patients initially underwent an anterior approach and, in the short to medium term, had a mechanical failure of the
system with graft and vertebral dislocation and onset of spinal cord compression. In the second surgery, we carried out an anterior
revision, obtaining decompression of the spinal cord and reconstruction of the anterior column; we finished with a posterior
fixation. Radiographic control shows the stability of the system and the maintenance of correction.

Conclusions: The sub-axial cervical spine fractures sometimes are complex and the choice of surgical approach to treat them is
difficult. The diagnosis is achieved with the CT scan. The MRI is essential to show a discoligamentous complex injury, though even
with MRI the injury is not always evident. In our view, the failure of the first surgery results from misinterpretation of the
morphology of the original lesion. Failure is likely whenever the anterior approach alone is not adequate to restore the posterior
"tension band." Mechanical complications in the treatment of sub-axial cervical lesions, especially for the more complex and
unstable fractures, can be reduced by careful surgical planning.
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Surgical treatment of subaxial cervical spine fractures following AOspine sub axial classification criteria: What, when, whyA 4 years
experience in a single center

Gianmarco Marchese?, Niccold Giabbani!, Giovanni Barbagli', Luigi Pansinil, Giancarlo Lastrucci?, Stefano Romolit

1Azienda Ospedaliero-Universitaria Careggi, Chirurgia della Colonna, Firenze, Italy

Question: Management of subaxial cervical spine fractures (SCSF) is always challenging because these often occur in patients with
multiple injuries after major trauma. In the last decade, adoption of the Advanced Trauma Life Support protocols highlighted the
importance of assuming a cervical spine injury in all patients with a history of trauma until proven otherwise. Is the AOspine
cervical subaxial fractures classification and all its recommendations the best tool to choose the best surgical treatment for SCSF
and avoid postoperative complications?

Methods: Retrospective analysis of the last 5 years SCSF surgically treated in our center. Every fracture was retrospectively
classified with AOspine subaxial classification (A,B,C,F), including neurological status (N) and modifiers (M). Mechanism of trauma
was also investigated.

Results: 54 patients suffered from SCSF surgically treated (39 M, 15F, mean age 56.1), 23 motor vehicle accident, 15 fall from
height, 8 domestic fall, 4 fall after syncope, 4 sport injuries.29 were type A fractures (23 A3 in which 2 N1 and 1 N3, 6 A4 in which 1
N3 and 1 N4), 15 type B (5 B1 in which 2 M2 and 1 N3, 7 B2 in which 1 N3 and 3 B3 in which 1 N3) 10 type C (3 N3 and 2 N4) 36
patients were treated with anterior approach (27ACDF, 9 ACCF) 12 with posterior approach (10 lateral mass screws in which 8 with
decompression and 2 without, 2 sublaminar hooks), 6 circumferential (4 ACCF with lateral mass screws, 2 ACDF with
decompression and lateral mass screws).

Conclusions: AO SCSF classification and its management strategy suggestions are absolutely a valid tool to reach the best outcome.
Highlighting our best and worst cases in terms of radiological and clinical outcome showed that a correct identification of the type
of fracture and a consequent optimal surgical strategy is mandatory, because in all our worst cases the lacks in global management
of the injury led to poor outcome, while instead a correct radiological diagnosis and surgical treatment led to the best outcomes

Trauma of the upper cervical spine
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The outcomes of surgical treatment for axis fractures
Hisakazu Shitozawa?, Yasuo Ito?, Takeshi Kikuchi?
1Kobe Red Cross Hospital, Orthopedics, Kobe, Japan

Question: The treatments for the axis fractures are controversial. In order to provide early rehabilitation, we perform surgery as
soon as possible for Anderson type2 and type3 odontoid fractures, and Hangman fractures which have the instability between C2-
3. The purpose of this study was to clarify the early clinical outcomes of surgical treatment for axis fractures in single hospital.
Methods: A total of 66 patients who underwent surgery for axis fractures from April 2005 to December 2017 were included. The
mean age was 61.8 years (17-88), 44 male and 22 female. We used the Anderson classification for odontoid fractures and Levine-
Edwards classification for Hangman fractures.

Results: Of 66 patients with axis fractures, 35 patients had odontoid fractures, 22 had Hangman fractures and 9 had fractures of
the axis body. This series of odontoid fractures included 0 typel, 22 type2, and 13 type3. Nineteen type2 cases and 11 type3 cases
were performed posterior C1-2 fixation. For the remaining five cases, anterior odontoid screw fixation was administered. The union
rate of type2 fractures was 86% and that of type3 fractures was 100%. Hangman group was classified as follows, 7 typel, 6 type2, 5
type2a, and 4 type3. Seven cases were performed direct screw osteosynthesis and 15 cases were performed posterior cervical
fixation. Bone union was achieved in all cases. In all case, the mean waiting days until the surgery were 4.8 days (1-14). The
complications such as aspiration pneumonia, urinary tract infection were detected in 16 cases.

Conclusions: There are no accurate indications for the duration of waiting days because of the systemic complications. It is
important, however, to provide early rehabilitation in order to prevent complications. In this series, we performed surgery in the
early period and there were no crucial early complications after surgery. Therefore, operative treatment for the cervical fracture
was seemed to be minimally invasive and performing surgery in the early period is desirable.
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Recommendations for diagnostics and treatment of axis ring fractures

Christoph Hoffmann?, Philip Schleicher!, Matti Scholz!, Frank Kandziora!

1BG Unfallklinik, Center for Spinal Surgery and Neurotraumatology, Frankfurt, Germany

Question: To develop diagnostics and treatment recommendations for axis ring fractures.

Methods: Taking the current literature into account, the "upper cervical spine" group of the spine section of the German Society of
Orthopaedics and Trauma (DGOU), formed in 2017, developed recommendations in a formal consensus process including 4 onsite
sessions.

Results: Axis fractures are detected at a frequency of 19-41% as part of cervical spine injury and are potentially combined with a
discoligamentous instability C 2/3. For classification, the Josten as well as the Effendi classification modified by Levine are
recommended. The Canadian-C-Spine Rule has proven itself for primary clinical screening. CT scanning is the imaging tool of choice
to detect axisring injury. MRI serves to assess the integrity of the discoligamentous complex C 2/3.Stable axisring fractures (Josten |
& Il) can be treated conservatively in a cervical orthosis, with close monitoring of potential progressive dislocation. In case of
secondary dislocation, surgical stabilization is indicated. Primary surgery is indicated for dislocation and / or discoligamentous
instability C 2/3, which is most prevalent in Josten type lll & IV fractures. The standard surgical treatment is anterior fusion C 2/3
(ACDF). A primary posterior approach for fracture reduction and stabilization may be necessary in case of type IV fractures. The
recommendations were finalized with strong consensus (approval of > 95% of the 21 participants).

Conclusions: Conservative therapy may be preferential in Josten type | & Il fractures. Unstable Josten Type Ill & IV fractures should
be treated surgically, with anterior fusion C 2/3 as standard procedure, especially in case of Josten type Ill fractures. In type IV
fractures, a primary posterior approach is usually required to reduce facet joint dislocation.
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Atlantoaxial dislocation due to os odontoideum in patients with Down"s syndrome: literature review and case reports
Olga Sergeenko?, Aleksandr V. Burtsev !, Sergey Ryabykh !, Alexander Gubin !

Llizarov Center, neurosurgical, Kurgan, Russian Federation

Question: What is the cause of frequent occurrence of os odontoideum (OsO) in patients with Down syndrome (DS)? How often
odontoid ossicles occur in patients with DS? What is the best treatment option for patients with DS and OsO?

Methods: We described and analyzed three clinical cases of AAD due to OsO in DS patients and reviewing descriptions of similar
cases in the scientific sources.

Results: According to literature review more than 80% of DS patients with odontoid ossicles had atlantoaxial instability (AAI). AAl in
DS patients with OsO is more often manifested in childhood and adolescence, rarely in adults when ligament relaxation is reduce.
Some patients had acute clinical manifestation after a minor trauma without any precursors, in some of cases neurological
deterioration increased during several years. We found that the earlier surgical treatment of AAD due to OsO in DS patients carries
the higher recovery potential.

Conclusions: Since most patients with DS have a mobile OsO and AAl, the method of appropriate treatment is a posterior screw
fixation (fig.1). Halo-traction and posterior fusion have proved to be a very useful tool in the treatment of reducible unstable AAD
due to OsO in DS patients.

Figure 1
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Anomaly-related traumatic atlantoaxial rotatory fixation: A case report

Yuji Tsuchikawa?, Kazuyoshi Nakanishi!, Naosuke Kamei', Toshio Nakamae?, Taiki Morisako?, Takahiro Harada', Nobuo Adachi*
IHiroshima Univercity Hospital, Department of Orthopaedic Surgery, Minami-ku, Hiroshima, Japan

Question: Fielding and Hawkins first described Atlantoaxial Rotatory Fixation (AARF) as a fixed clinical torticollis. They separated
AARF into four different types based on the axial images of the C1 and C2 vertebrae. However, treatment strategy for AARF is
remained controversial. Especially AARF "Type IV"is so rare condition that there are few report of treatment for Type IV. We
present a case report of Anomaly-Related Traumatic AARF that classified Type IV.

Methods: Case Presentation: A 12-years-old male presented remained torticollis since he got a blow in the back of the head 5 days
before. He suffered severe neck pain and neck movement restriction. CT showedAtlantoaxial Rotatory dislocation (The atlas is
displaced posteriorly) and Os odontoideum. MRI T2 fat-saturated imaging shows hyperintensity involving C1-C2 articular capsules.
At first we supposed the condition was Atlantoaxial dislocation(AAD) However, according to the traumatic onset and restriction of
cervical rotation, we diagnosed his condition as AARF "Type IV". For primary treatment, indirect traction therapy (Glisson"s
traction) was being performed at 2 kg. The neck position of the traction was conducted to be flexion and rotation to the right to
achieve reposition.

Results: One week after the start of the therapy, the symptoms (torticollis, neck pain, neckmovement restriction) improved. CT
showed that the reposition of Atlantoaxial Rotatory was almost achieved. To date there is no the recurrence. However, dynamic
study detected atlantoaxialinstability. We are planning surgical treatment

Conclusions: It was a diagnostic question to treat the patients as AARF or AAD. According to the traumatic onset and restriction of
cervical rotation, we diagnosed his condition as AARF "Type IV". Traction therapy was effective for primary treatment of AARF type
IV in our case.

Figure 1
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Remote traumatic Spondylolisthesis of C2 on C3, report of five cases

Abolfazl Rahimizadeh?

1pars Advanced and Minimally Invasive Manners Medical Research Center, Spinal Surgery, Teheran, Iran

Question: Remote isolated Spondylolisthesis of C2 on C3 are infrequent and also unique in being inherently unstable and prone to
progress or malunion or non-union. The present study discusses their management via high cervical retropharyngeal route.
Methods: 5 patients with remote hangman's fracture causing pain in all five and their treatment is described. All of them were
irreducible despite of applying traction with gradual increase of the tongs. In all five patients Corpectomy of C3 was done followed
by insertion of a strut graft from autogenous iliac bone adding a plate in three or expandable cage and plate in two cases. In one
case posterior screw rod hook was used as well.

Results: All five patients improved with no pain and quadriparesis disappeared. Postoperative follow up of from 8 months to 3
years after surgery showed achievement of good solid fusion. No complication was observed with regard to vital structures located
in the vicinity of our surgical route.

Conclusions: Remote isolated Hangman's fractures with marked listhesis of C2 on C3 are potentially unstable and might progress
with time. In dealing these irreducible fractures, C3 corpectomy and graft or cage and plating seems reasonable. For exposure of C2
and its instrumentation, the spine surgeons familiar with neurovascular structures of high cervical region. Also, we advocate using
surgical microscope for more safety.
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Figure 4
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Temporary occipito-cervical fixation in skull base avulsion fracture without neurologic damage may lead to healing and complete
recovery of cervical spine range of motion

Federico De lure?, Michele Cappuccio!, Antonio Martucci!, Luca Amendola?!

10spedale Maggiore - AUSL Bologna, Spine Surgery, Bologna, Italy

Question: Avulsion fracture of the foramen magnum (including both occipital condyles and the anterior aspect of the clivus) is a
rare variant of occipitocervical dislocation where the injury does not involve the tectorial membrane and the other ligaments
connecting the upper cervical spine to the base of the skull which remains strongly connected to the first two cervical vertebrae.
Therefore, although these injuries produce a severe and potentially fatal instability, adequate immobilization may lead to bone
healing with complete stability recovery. Once the bony lesion is healed, hardware removal let the patient recover a norma ROM of
the cervical spine without any risk.

Methods: Two consecutive patient reported an avusion fracture of the occipital condyles and clivus without neurologic
involvement following car accidents. Preoperative CT scan revealed a continuous bone ring including the three mentioned
structures in one single block, wich remained normally connected with C1 and C2. They were both treated by occipitocervical
stabilization without fusion (one from occiput to C5 and the second from occiput to C2). Bone healing was assessed through CT
scan and hardware was removed 4 months after the surgical procedures in both patients. Cervical spine range of motion was
evaluated before the second surgery and two months after it following 4 weeks of rehabilitation.

Results: Head rotation before hardware removal was 60° in the 65 years old patient submitted to CO-C5 fixation and reached 120°
at follow up. In the 18 years old patients with CO-C2 fixation rotation reached 180° at follow up starting from a preoperative value
of 120°. Also flexion extension ROM improved in both patients wich regained an almost normal quality of life year after the second
surgery.

Conclusions: Avusion fracture of the clivus and occipital condyles require immediate stabilization as potentially fatal. Hardware
removal, once bone healing is achieved, will not affect spine stability allowing a better functional recovery.

Figure 1

Figure 2
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Type Il dens fractures: demographics and treatment experience of a single center over 10 years
Daniele Bongetta?, Alessandro Versace?!, Francesco Montemezzo?, Roberto Assietti’

LASST Fatebenefratelli-Sacco Milan, Neurosurgery, Milan, Italy

Question: Type |l dens fracture is typical of the elderly. Our national demographic data shows a 14.2% increase in people >65 y.o.
and a striking 28.9% increase in people >80 y.o. over the last decade. These fractures have been historically treated by means of a
conservative approach or by an anterior or posterior surgical approach. To date, no definitive advantage has emerged between
these treatment paradigms. Our research question is, therefore, to analyze our single-center experience with Type Il dens fractures
and to correlate incidence and outcomes with demographic data.

Methods: We designed a retrospective, observational study about type Il dens fractures consecutively treated at our institution in a
10 year span since 2009. Pre-clinical, operative and follow-up clinico-radiological parameters will be analyzed and correlated to
demographic variations.

Results: A total of 15 patients with a Type Il dens fracture were treated at our institution (10 M, 5 F). During the first 5 years we
evaluated 4 patients, whereas 11 of them (+175%) were assessed in the following years. Mean age at presentation was 76 + 14 but
an age increase by 16.8% was recorded over the last 5 years. 14 patients were treated by means of anterior odontoid screw
fixation, whereas 1 patient refused any surgical treatment. All treated patients achieved a stable reduction of the fracture with no
major intraoperative complication. Mean surgical time was 66 + 29 min, 64% of the patients were discharged less than a week post-
intervention.

Conclusions: Type |l dens fracture is going to have an increased incidence in the next few years because of a demographic shift
toward an older population. In our experience an anterior odontoid screw fixation represents a safe, rapid solution, with few
anesthesiological and surgical burdens, even in the elderly population.
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Long term patient reported clinical outcomes in patients with type 11 odontoid fractures
Michael Haak?, Ryan Martyn?, Kristi Collins®

1Geisinger Health System, Department of Orthopaedic Surgery, Danville, IL, United States

Question: What are the long term patient reported outcomes in operativvely and non-operatively treated type 11 Odontoid
fractures.

Methods: Patients treated for Type 11 Odontoid fractures treated at our institution from 2006-2015 were identified in the
electronic medical record using standard diagnosis and procedure codes. Patients were grouped into non-operative and operatively
treated groups: demographics, all cause mortality rate, and time from injury to completion of the surveys was determined. Patient
reported outcomes were the Neck Pain Disability Index Questionaire, Visual Analogue Scale survey, and SF-12 Healthg Survey;
Physical and Mental Health Composite Scale Scores from the SF-12 were determined.

Results: 116 patients were identified with Type 11 Odontoid fractures were identified; 70 were treated non-operatively and 46
operatively. The all cause mortality rate was 26% in the operative group and 61% in the non-operative group (55 patients). 16
patients were lost to follow up. 38 patients completed the surveys, with 7 patients declining to participate. The NDI and VAS scores
were lower in the non-operative group, although not statistically significant. The all cause mortality rate was significantly different
between the operative and non-operative groups.

Conclusions: At an average of 35 months after injury, the patient reported clinical outcomes between operatively and non-
operatively treated Type 11 Odontoid fractures were similar and not statistically different. The all cause mortality was higher in the
non-operatively treated group; possibly age, cormorbidities, and described everyday activity levels may bias the selection of
treatment by a mixed group of orthopaedic surgeons and neurosurgeons. The mortality level may reflect a correlation between
odontoid fractures and physiologic fragility.
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C1-C2 Traumatic fractures treatment and clinico-radiological outcome in a consecutive series of 94 patients
Edoardo Cipolleschi', Giovanni Barbagli?, Luigi Pansinil, Stefano Romoli*

1Azienda Ospedaliero-Universitaria Careggi, Chirurgia della Colonna, Firenze, Italy

Question: Our study is designed to analyze the clinical outcome following a conservative or surgical treatment in patients suffered
by a C1-C2 traumatic fracture.

Methods: We retrospectively evaluated 94 patients treated to our institution in two years (2015-2016), encompassing 28 cases
treated by surgery and 66 by an orthosis. We focused our analysis in a specific cohort of patients, the elderly ones, meaning only
patients over 70 years. We administrated the NDI questionnaire for the clinical outcome evaluation and investigated the rate of
fusion as well as the impact of this feature on the outcome. The acquired data have been tested with SPSS IBM v.25 statistical tool
and refined by the Student"s t-test, Pearson"s chi-squared test and the Fisher"s exact test.

Results: Even our results are similar than those showed on literature, we focus on three pivotal points: 1) the best clinical outcome
in patients suffered by a type-2, type-3 dens fracture treated by surgery, according to the NDI. 2) the worst outcome in patient with
a C1-C2 non fused fracture treated by an orthosis, compared to patients with the same but fused fracture. 3) the statistical
independence to the rate of fusion of the surgically treated patients, in the 6-months and 1-year outcome.

Conclusions: Our observations led us to the superiority of surgical treatment in elderly patients affected by a type-2 fracture of the
dens, when those patients are eligible for surgery, and to the evidenced that the non-fusion in patients treated conservatively
represent an extremely negative prognostic factor. In conclusion, we may assume that an elderly patient eligible for surgery,
suffering from a C1-C2 fracture, should be treated as the rest of the population, not allowing the advanced age to be an inhibiting
factor in the choice of proper treatment.
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Unstable odontoid fractures: A case series

Stefano Forcato?, sokol trungu?, Placido Bruzzaniti?, Massimo Miscusi?, Antonino Raco?
LAo Pia Fondazione Cardinale Panico, Neurochirurgia, Tricase, Italy

2Sapienza Universita Di Roma, Neurochirurgia, roma, Italy

Background: An unstable odontoid fracture can lead to a spinal cord damage. In this case, it is essential to choose the adequate
treatment even though is still argue what the correct treatment is, which different surgical option is the best and the correct timing
of treatment.

Research question: Evaluate the results of the anterior odontoid screw fixation with special attention to the timing of surgery, the
age of the patients, the fusion rate and the different direction of the fracture line.

Design: A retrospective series of 31 unstable fractures of the odontoid process of C2 treated with anterior odontoid screw fixation.
Methods: 31 consecutive patients (18 male and 13 female; aged from 19 to 86) with unstable odontoid fracture were treated by
anterior odontoid screw fixation. Fractures were diagnosed by CT-scan of the cervical spine and classified according to the
Anderson - D*Alonzo classification. Patients were followed-up with radiological and clinical controls using assessment tests (Nurick
scale, ODI).

Results: There was no mortality related to the surgical procedure. There are no cases of infection and no neurological deficit in the
post-operative. The direction of the fracture line (down and forward or horizontal, down and back, or comminuted fracture line)
did no change the decision of the anterior screwing.

Follow-up radiological studies showed bone union in 22 patients, with no difference of age. The rate of non-union was higher in
patients treated after 48 hours.

Conclusions: The anterior odontoid screw fixation is a safe and effective procedure. The fusion rate is influenced only by the time
of surgery and not for the age of the patients treated.
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Discrepancies in the surgical management of central cord syndrome: assessment of non-operative, surgical, and crossover to
surgery patients

Peter Passias?, Cole Bortz!, Avery Brown?, Katherine Pierce?, Haddy Alas?, Nicholas Shepard?, M. Burhan Janjua3, Paul Park?*,
Dimitrios Nikas®, Pawel Jankowski?, John Buza I, Aaron Hockley?, Alexandra Soroceanu®, Rafael De la Garza Ramos’, Daniel
Sciubba?, Anthony Frempong-Boadu?, Dennis Vasquez-Montes?, Bassel Diebo®, Michael Gerling?

INYU Langone Health/NY Spine Institute, Orthopaedic and Neurological Surgery, New York, NY, United States

2NYU Langone Health, New York, NY, United States

3UT Southwestern Medical Center, Dallas, TX, United States

4University of Michigan School of Medicine, Department of Neurologic Surgery, Ann Arbor, Germany

>Universoty of lllinois College of Medicine, Department of Neurosurgery, Chicago, IL, United States

SUniversity of Calgary, Calgary, Canada

’Bronx-Lebanon Hospital Center, New York, NY, United States

8Johns Hopkins University, Baltimore, MD, United States

9SUNY Downstate Medical Center, New York, NY, United States

Question: In a population of CCS patients, assess disparities in presentation and treatment between those undergoing immediate
surgery and those who delay operative treatment

Methods: Patient-specific linkage codes allowed longitudinal tracking of inpatient stays. Demographics, comorbidities,
complicaitons, and surgical factors were compared between CCS patients that initially underwent surgery (Initial) and patients that
delayed operative treatment (Delayed) using Chi-squared tests and independent samples t-tests. Similar tests assessed differences
in demographics and comorbidity burden between non-operative patients and surgical crossover patients

Results: Included: 1,301 CCS patients (62+16yrs, 27% female). Follow-up rate was 67.3%; mean follow-up time was 515+707 days.
By level of CCS injury, 61.0% of patients were injured between C1 and C4, 59.2% between C5-C7, 1.0% between T1-T6, and 0.6%
between T7-T12. Overall, 800 (61%) patients underwent surgical treatment. Of the surgical patients, 78% had surgery at first
recorded hospital visit, while 22% experienced a delay before surgical treatment. For patients that delayed treatment, mean time
to surgery was 203+358 days. Initial and Delayed patients differed in age (60+15 yrs vs 6313, p=0.016), rates of diabetes, valvular
disease (both p<0.05). Initial patients underwent more invasive procedures than Delayed (5.1+2.6 vs 4.3+3.2, p=0.003), including
higher rates of fusion (84% vs 71%, p<0.05), but not decompression: overall (59% vs 60%, p=0.816), discectomy (39% vs 35%,
p=0.306), other canal decompression (22% vs 27%, p=0.175). LOS was longer for Initial patients (1620 days vs 710, p<0.001), but
complication rates did not differ (all p>0.05)

Conclusions: Though CSS patients managed with initial surgical treatment had longer hospital stays and were treated with more
invasive procedures, periop complications did not differ. 22% of CCS patients crossed over from nonop to operative treatment, with
a mean time to crossover of 203 days

Figure 1

Patient Group
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Anterior atlantoaxial transarticular screw fixation: Impasse or standard option?

David Bludovsky?, David Stepanek?*

1Charles University Hospital in Plzen, Department of Neurosurgery, Plzen, Czech Republic

Question: Traumatic atlantoaxial instability is usually treated via posterior C1-2 instrumentation techniques, which are accepted as
standard methods of treatment. Although retropharyngeal approach for anterior transarticular C1/2 fixation was described more
than 12 years ago, this way of stabilisation is not widely adopted and used. From the biomechanical point of view, the fusion rate is
referred to be similar to the posterior instrumentation. Is it only a salvage procedure to failed C2 dens direct instrumentation? Is
there any evidence that anterior antlantoaxial instrumentation is a standard method and should be used more often? We present
our cases and add a review of literature.

Methods: We retrospectively enrolled patients with dens axis fracture and atlantoaxial subluxation. Anterior transarticular screw
fixation was performed with anteroposterior open-mouth and lateral intraoperative radiographs. The dens fracture was classified
according to d'Alonzo, C1/2 luxation was described with Fieldings classification. Patients were evaluated by X-rays and CT scan at
follow-up to identify bone fusion. We obtained classification forms for neurological status, pain and postop satisfaction.

Results: Our criteria met eight patients - 6 women and 2 men. Their median age was 83,5 years. The clinical outcome was excellent
in all patients except one, where a failure of the fixation was observed. A half of our patients died soon for their high age, the rest is
satisfied, although perfect bone fusion was proved by CT scan in only two cases.

Conclusions: Anterior atlantoaxial transarticular fixation is an effective and safe technique, although it is not widely known. This
procedure offers some advantages over posterior approaches. It should be the standard treatment option for carefully selected
patients, not only a rare or "salvage" technique.

Figure 1
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Managing the cervical spine in multiple myeloma patients

Derek Cawley®?, Joseph S. Butler®2, Adam Benton?, Farhaan Altaf?, Susanne Selvadurai?, Kia Rezajooi?, Chara Kyriakou3, Sean
Molloy?

1Tallaght University Hospital , Dublin, Ireland

2Royal National Orthopaedic Hospital, Stanmore, United Kingdom

3University College London, Haematology, London, United Kingdom

Question: Question: Existing surgical algorithms designed for neoplasia of the spine may not suit the management of spinal
myeloma. With the advances of chemotherapy, early orthosis management, radiotherapy and high definition imaging including CT,
SPECT and MRI, surgical indications in MM have changed. What are the outcomes of multidisciplinary management of cervical
spine myeloma in a tertiary

Methods: Method: We included all MM patients with cervical spinal disease treated between 2007 and 2016 with minimum follow-
up of 6 months. This service was established for the MM patients with spinal disease to enable urgent management and avoid long
term neurological and deformity deficits. 66 MM patients with cervical spinal disease were identified from 692 patients
prospectively registered in the myeloma spinal database at the tertiary referral myeloma spinal unit. Radiotherapy regimens,
medical therapies, bracing, SIN (Spine Instability Neoplastic) score, spinal cord compression, types of surgery, relapse status,
neurological outcomes (Frankel score), pain outcomes and survival status were recorded. The management and outcomes were
outlined at six-month follow up.

Results: Results: 48 patients were conservatively treated with resolution of pain and instability in all cases. 9 patients died during
the course of the treatment. 9 patients were treated surgically for for acute trauma, osseous translation with neurological injury,
persistent biomechanical instability and epidural tumor cord compression. Serial CT evaluation adequately prognosticated osseus
integrity and spinal stability. There was a chronological trend towards more conservative measures throughout the time period
under evaluation.

Conclusions: Conclusion: Medical decompression/ or oncolysis, including in the presence of orthotic stabilization are proving viable
non-surgical options to manage MM. Key to decision making is the assessment and radiographic monitoring of biomechanical spinal
stability as part of a multidisciplinary approach.
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Acute quadriparesis due to calcium pyrophosphate dihydrate deposition disease of the cervical ligamentum flavum mimicking an
epidural abscess: a case report

Shinji Kumamoto?, Hidefumi Honke?, Kengo Higuchi?

LFukuoka Kinen Hospital, Spine and Spinal cord surgery, Fukuoka, Japan

2Fukuoka Kinen Hospital, Orthopedic surgery, Fukuoka, Japan

Question: Calcium pyrophosphate dihydrate deposition (CPPD) disease of the cervical ligamentum flavum is a rare disorder. To our
knowledge, acute quadriparesis caused by CPPD has not been previously reported in the literature.

Methods: We describe an extremely unusual case of acute quadriparesis due to CPDD of the cervical ligamentum flavum at the
C4/C5 level that was mimicking an epidural abscess and briefly review the pertinent literature. A 79-year-old woman complained of
high fever and serious neck pain, and presented with quadriparesis in a few hours after the onset of the symptoms. Magnetic
resonance imaging revealed cervical spinal cord compression by epidural fluid at the C4/C5 level. We regarded the fluid lesion as an
epidural abscess. The patient emergently underwent C4-C6 laminoplasty. The fluid was totally evacuated, and the calcified
ligamentum flavum was resected.

Results: Operative intervention resulted in a marked neurological improvement and relief from neck pain. The culture test result
was negative for septic organisms. Histopathological examination of the calcified ligamentum flavum showed that the deposits
consisted of CPPD.

Conclusions: We report a rare case of acute quadriparesis due to CPPD disease of the cervical ligamentum flavum. CPPD deposition
in the cervical ligamentum flavum is usually associated with severe neck pain and insidious progression of compression
myelopathy. This unusual case of acute quadriparesis mimicking a cervical epidural abscess has not been previously described.
Emergent decompression with laminoplasty and resection of the flavum can improve neurological function. Owing to the rarity of
the disease, it is important to keep in mind and perform a pathological examination during surgery.
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Atlantoaxial dislocation secondary to the tumors of the upper cervical region: Report of 6 cases
Abolfazl Rahimizadeh?

Liran University Of Medical Sciences, Spinal Surgery, Tehran, Iran

Question: Atlantoaxial dislocation (AAD) is mostly due to traumatic events, although, rheumatoid arthritis and tuberculosis are
other unusual causes of this pathology. However, occurrence of ADD secondary to a tumor either at C1 or C2 is extremely rare and
has been reported only in one rare occasion.

Methods: Six cases with atlantoaxial dislocation secondary to the tumors of upper cervical vertebras are presented. One was a 19
year old girl with AA dislocation affection of the axis due to Hodgkin"s disease The second case was a 3-year old girl with painful
torticollis secondary to rotatory atlantoaxial fixation (RAAF) due to osteoblastoma of atlas The third and fourth were a-47-year old
woman and 59 —year old man in whom atlantoaxial dislocation were due to destructive lesions of the axis due to solitary
plasmacytoma. The fifth and sixth cases were two children with ABC of axis. Combined anterior and posterior surgery was done in
second and forth patients. Posterior only approach with p VCR of C2 was done in the first case and posterior only approach with
tumor resection and C1-C3 fixation was done. In the third, fifth and sixth cases posterior only approach with C1to C3 fixation was
done.

Results: All patients showed good result post operatively. The cases were followed from 2 to 12 years. In case three and four, the
solitary plasmacytoma changed to multiple myeloma within 3 to 5 years. In both cases appropriate chemotherapy and bone
marrow transplant was performed with good results. The remaining four cases are also symptom free.

Conclusions: Atlantoaxial dislocation secondary to tumors of atlas or axis are rare with only one case being reported previously.
Management of atlantoaxial dislocation requires a thorough knowledge about the anatomy of the atlas and its counterpart axis.
Moreover, the surgeon should be quite familiar with the anatomy of V3 segment of the vertebral artery and the tips and tricks
which are necessary for its isolation.

Figure 1
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Figure 3
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Palliative surgery for metastasis in the cervical spine

Toshiya Tachibana?, Keishi Maruo?, Fumiaki Arizumi?, Kazuki Kusuyama?, Kazuya Kishima?, Shinichi Yoshiya®
LHyogo College of Medicine, Orthopaedic Surgery, Nishinomiya, Japan

Question: Malignant neoplasms metastasize to the cervical spine occasionally. Patients with cervical metastasis may have severe
neck pain with severe instability and paralysis with spinal cord compression. For these conditions, palliative spinal surgery is
indicated to improve patient’s pain and paralysis. Research question of this study was if palliative surgery improves patient’s pain
and paralysis.

Methods: Retrospective case series. Seven consecutive patients with cervical metastasis who received palliative surgeries in our
department were included in this study. Evaluated factors were follows: primary neoplasms, spine instability neoplastic score
(SINS), operation, Frankel grade, pain relief, and prognosis.

Results: The average of age of patients was 63.6 years old. There were three males and four females. The average of follow-up
periods was 5.0 (1-15) months. Primary neoplasms were prostate cancer in two patients, and others in five patients. The average of
SINS was 14.4+2.3 (11-18). All patients received posterior cervical fusion with or without laminectomy. Preoperative Frankel grade
was C in one patient, D in one patient and E in four patients. Frankel grade was deteriorated in two patients at the final follow-up.
Six of seven patients had severe neck pain or radicular pain. However, pain was resolved immediately after operation in all patients.
One patient died one month after operation due to respiratory disturbance, and three patients were transferred to hospices.
Conclusions: The prognosis of patients with cervical metastasis was relatively severe. However severe pain with high spinal
instability was resolved after palliative posterior cervical fixation. Therefore, palliative surgery may improve patient’s pain even
with short prognosis.
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Atlantoaxial subluxation due to sinusitis and presenting with severe myelopathy: a case report
Takeshi Aoyama?, Naoshi Obara?

1Teine Keijinkai Hospital, Spine Center, Orthopaedic Surgery, Sapporo, Japan

Question: Non-traumatic atlantoaxial subluxation(AAS) is known as Grisel’s syndrome, and mainly affecting children. It occurs in a
context of pharyngeal infection, head and neck surgery. It is relatively rare condition, even standard treatment has not been
established, medical treatment is first line. However if severe myelopathy has occured, how is it treated? We experienced the case
of this AAS due to sinusitis, presenting severe myelopathy in elderly. The treatment for this rare condition is presented here.
Methods: The case was 66yrs male. He was alchol abuser, and in poor nutritional condition. He had left abducens palsy and visited
other hospital. Sphenoid sinusitis and osteomyelitis in skull base and clivus was diagnosed. Antibiotic therapy was started, but the
lesion spread to retropharyngeal space. His symptoms deteriorated into resporatory disorder, consiousness disturbance and
tetraparesis, and he became respirator dependent. MRI revealed severe compression for cervical cord due to AAS. He was
transfered to our hospital 1 month after the admission in prior hospital.

Results: Since admission in intensive care unit of our hospital, nutritious therapy and antibiotics therapy has done to improve his
general condition. AAS could be reduced in neck extension position, and was fixed with neck collar. His respiratory disorder and
paresis of left side had gradually improved. In the 18th day, occipito-cervical fixation was performed. C1 and C2 were skipped, and
pediclar screws were put in C3, 4 and 5. After the surgery, antibiotics had been continued. His symptoms had improved more,
withdrawn from respirator. Then he was transferred to rehabilitation hospital.

Conclusions: AAS due to sinusitis in eldery, extremely rare condition, was presented. He had severe myelopathy but was
successfully treated with occipito-cervical fixation. There is hesitation for putting artifitial materials in active infection part, but this
case encourage to treat such condition.

Figure 1

_—
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Multiple surgeries for multiple recurrences of spinal meningioma: A case report

Tomoyuki Kusukawa?, Toshiya Tachibana?, Keishi Maruo?, Fumiaki Arizumi®, Kazuki Kusuyama?, Kazuya Kishima?
IHyogo College of Medicine, Orthopaedic Surgery, Nishinomiya, Japan

Question: Research question of this study was to evaluate multiple operations for multiple recurrences of spinal meningioma in a
case report.

Methods: A case report.

Results: Seventy years old man developed back pain twenty years after the first total resection for thoracic meningioma at the T2/3
spinal level. He received second total resection for recurrence tumor and coagulation of dura matter, and third total resection for
second recurrence tumor and reconstruction for dura matter, five years and eleven years after first operation, respectively. MRI
revealed that recurrence of three tumors at the T2/3, T1/2 and C6 spinal levels. One month later, His back pain was deteriorated
and he developed muscle weakness at the left fingers and gait disturbance as well. The second MRI revealed that a tumor has
grown at the C6 spinal level. Laminectomy with posterior cervical fixation and total resection of a tumor at the C6 spinal level was
undertaken. The C6 tumor was adhered to the spinal cord, and removed using CUSA. His motor weakness was dissolved after
operation. However, paralysis was deteriorated to Frankel C two months after operation. Total resection of a tumor at the T1/2
spinal level and extension of posterior fixation to the T3 spinal level was carried out. The T1/2 tumor was adhered to dura matter,
and coagulation of dura matter was added. His paralysis was dissolved and he was able to walk freely 6 months after the last
operation (Frankel E). Pathological diagnosis of tumors was always atypical meningioma (WHO class Il). Radiotherapy (45Gy/25fr)
was performed to the C6-T3 spinal level including a remaining tumor at the T2/3 spinal level.

Conclusions: In this case report, multiple operations were needed for multiple recurrences of spinal atypical meningioma even
after total resection. Multiple operations were effective for neurological impairments. Adjuvant radiotherapy may be considered
for recurrence of atypical meningioma to prevent multiple recurrences.
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Hypoplasia of the atlas may be a risk factor for the retro odontoid pseudotumor

Hiroki Tawaratsumida?, Yuhei Yahiro?, Ichiro Kawamura?, Hiroyuki Tominaga?, Kazunori Yone?, Noboru Taniguti'
1Kagoshima University Hospital, Kagoshima, Japan

Question: We investigated that the association of hypoplasia of the atlas and instability between atlas and axis. This study
retrospectively investigated radiographic finding in patient with retoroodontoid pseudotumor due to hypoplasia of atlas.

Methods: From November 2012 to May 2018, 7 patients with diagnosis of retro odontoid pseudotumor received surgical
treatment, there were 5 male and 2 female. And we made a comparison 7 patients with 48 patients (29 males and 19 females) who
received lumbar operation between 2016 and 2018. Cervical computed tomography (CT) findings with three-dimension (3D)
reconstruction were used in this study. We selected the largest spinal canal on sagittal CT images and measured the inner
anteroposterior diameter (IPA) of atlas. We also used axial CT images passing the mid-portion of the atlas and recorded the cross-
sectional area of the atlas (CSA). The IAP was measured from the posterior-most portion of the anterior arch of the atlas to the
anterior-most portion of the posterior arch of the atlas. The CSA was traced along the inner cortical surface of the atlas with
manual cursor.

Results: The mean IPA was 27.7t1.1mm (range 26.7 to 29.6 mm) in males with pseudotumor, and 30.8+1.7mm (28.2 to 32.7 mm)
in males without pseudotumor, and 27.9+0.3mm( 27.7 to 28.1 mm) in females with pseudotumor, and 28.2+1.4mm( 24.6 to 31.9
mm) in females without pseudotumor.The mean CSA was 528.2+34.5mm2(range 498.3 to 587.2 mm2) in males with pseudotumor,
and 663.1x75.6mm2 (571.5 to 863.8 mm2) in males without pseudotumor, and 452.9+5.0mm?2 (449.3 to 456.4 mm2) in females
with pseudotumor, and 571.7+73.3mm2 (452.1 to 688.0 mm2) in females without pseudotumor.

Conclusions: Atlas of the patients with retro odontoid pseudotumor were smaller than the patients treated lumbar surgery.
Instability due to hypoplasia of atlas was suggested as one of factors causing odontoid pseudotumor.
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Analysis of the results of surgical treatment of patients with cervical spine metastases
Vladimir Klimov2, Murodzhon Kosimshoev?, Aleksey V. Evsyukov'?

1FSI Federal Center of Neurosurgery, Spinal Department, Novosibirsk, Russian Federation
2Federal Neurosurgical Center, Neurosurgery, Novosibirsk, Russian Federation

3FSI Federal Center of Neurosurgery, Spinal Department, Novosibirsk, Russian Federation

Question: to evaluate the results of surgical treatment of patients with cervical spine metastases.

Methods: the study included 32 patients with tumors of the cervical spine operated in the spinal Department of the Federal
neurosurgery center of Novosibirsk in the period from March 2013 to November 2018.of these, 20 men (62.5%) and 12 women
(37.5%) aged 40 to 79 years (M=47.2111.3). The functional status of the patient was assessed on the Karnovsky scale, the life
expectancy forecast on the Tokuhashi scale (2005), Tomita classification (2001). VAS, ODI Radiography, CT, MRI. The mean follow-
up time was 3.5 years. Static methods: Kaplan-Mayer, Schonfeld and Cox proportional hazards model. In all cases, the diagnosis
was morphologically verified.

Results: Patients were divided into 3 groups with different life expectancy according to their total score on the Tokuhashi scale.
Volume of interventions: tumor resection-11 patients, palliative surgery - 21. 5 patients was performed embolization of tumor
vessels. The severity of pain before surgery was 5.4+2.0 points for VAS in the back. After VAS operation: 2.7+1.3 points. Evaluation
of the degree of functional adaptation after surgery on the ODI questionnaire showed improvement in all patients compared to the
preoperative value. The average score decreased from 40.01+4 to 18.2+1.5. The median lifespan was 12 months (7 to 36). Significant
influence on the survival term was provided by the group on a scale of Tokuhashi (p=0,0056); chemotherapy after surgery
(p=0,0148); scores on the Karnovsky scale (p=0,0464). There is no reliable statistical relationship between the type of surgery and
the life expectancy of patients. Intraoperative blood loss amounted to 1202,8+327,4 ml, elapsed time: 270.0 cm50,1 min. Average
length of stay in hospital - 17,6 bed-days.

Conclusions: Differentiated surgical treatment tactics provides improvement of quality of life of patients with cervical spine tumors.
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Epidemiology and surgical management of tumors of the cervical spine: review of 241 cases

Hassan Allouch?, Kais Abu Nahleh?, Mootaz Shousha?, Ali Dhainy!, Mohammed Alhashash?, Hany Gendy!, Mahmoud Alkharsawi?,
Heinrich B6hm?

1Zentralklinik Bad Berka, Department of Spinal Surgery, Bad Berka, Germany

Question: Spinal tumors are classified in intradural and extradural tumors. Most extradural spinal tumors are metastatic. The
treatment of these tumors mostly requires surgery due to compression of the spinal cord and/or instability of the cervical spine. In
this study we review our experience with 241 cases of cervical spinal neoplastic lesions.

Methods: Retrospective analysis of prospectively collected data in a single operative centre of patients who underwent surgery for
tumors of the cervical spine in the time between January 1994 and December 2017. Exclusion criteria were intradural tumors and a
probable bad prognosis (under 4 months). The analysis revealed 241 cases. We analysed epidemiological data, clinical presentation,
radiological and laboratory findings and treatment methods.

Results: From a total of 241 patients 143 (59%) were male and 98 (41%) female. The mean age was 61 years (range: 5 to 88 years).
According to the pathohistological findings 28 tumors (11.3%) were classified to be primary tumors of the spine whereas 176 (73 %)
were metastatic lesions. In 37 cases myeloma was verified. The most common entity was lung cancer in 47 cases (19.5%). In 12
patients (5%) the staging detected no primary (CUP). Predominantly a combined approach (anterior-posterior in 81, posterior-
anterior in 13 cases) was regarded necessary. From anterior alone 75 patients were treated, while in 72 cases a posterior-only
approach was chosen. Out of these in 20 cases a transoral access was required. The mean follow-up was 14.2 month (range: 0
t0180 month).

Conclusions: Most extradural spinal lesions can be treated with long-term control or cure of the lesion and preservation of
neurological function. Anterior approaches provide adequate exposure to safely remove the vast majority of these lesions. In cases
where reconstruction of the anterior column cannot sufficiently re-establish mechanical stability a combined surgery is required.
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Preoperative planning using virtual reality technology and intraoperative navigation using mixed reality technology to cervical
tumor surgery

Taiki Morisako?, Kazuyoshi Nakanishi!, Naosuke Kamei', Toshio Nakamae?, Yuuji Tsuchikawa?!, Takahiro Harada?!, Nobuo Adachi’
IHirosima University, Orthopedics, Hiroshima, Japan

Question: Recently virtual reality (VR) and augmented reality (AR) technology are increasingly used in medical field. We report this
technology because we use this technique for cervical dumb-bell schwannoma for preoperative planning and intraoperative
navigation.

Methods: We created a 3D CT angiogram and made VR using the VR / MR(Mixed reality) application.We check the posion of
vertebral artery and plan area of the laminectomy and resection method of tumor before surgery. During surgery, we checked the
posion of vertebral artery and the area of laminectomy with Microsoft HoloLens, and performed laminectomy and tumoresection.
Results: [Case]73-year-old man. Diagnosis of cervical spine dumb-bell tumor. MRI showed a tumor in C2-3 level inside and outside
the spinal canal. On CT angiogram we could see the vertebral artery just in front of the tumor and C2-3 facet joint fusion. So, we
performed a preoperative plan to preserve vertebral artery and facet joint with VR. During surgery, we resected the lamina and
tumor as planned using Microsoft HoloLens. There was no damage of the vertebral artery. And facet joint can be preserved, so
spinal fusion surgery was unnecessary.

Conclusions: By using VR it was possible to accurately ascertain the position of bone, tumor and vertebral artery, and surgery could
be performed safely by using MR during surgery. We think that VR and AR techniques are useful for preoperative planning and
intraoperative navigation of spinal tumor surgery.
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Intra-medullary spinal cavernomas in the cervical spine: technical considerations about 4 original surgical cases
Cedric Barrey?, Nathalie Andre-Obadia’, Sebastien Boulogne?, Rostom Messerer!

LHospices Civils de Lyon and Claude Bernard University of LYON 1, Spine and spinal cord surgery, LYON, France

Question: Intra-medullary spinal cavernomas represent 5% of all the cavernomas of the CNS and surgically cervical locations may
be challenging.

Methods: We presently report 4 original cases of cervical cavernomas treated surgically and discuss the technical aspects.

There were 2 males and 2 females. 1 case in the upper cervical spine, 2 giants (size > 10 mm) and 1 antero-lateral location. The size
varied from 4 to 18 mm.

Results: All patients were evaluated preoperatively, and post-operatively at 3 months and 1 year using Mc Cormick score and by
performing MRI. All patients were operated from posteriorly even the antero-lateral location. The resection was total in all cases
and was conducted under neuro-monitoring and operative microscope. The cavernoma was approached via its exophytic part. The
antero-lateral cavernoma was removed by a gentle rotation of the spinal cord via traction of the dentate ligament. The surgery was
guided by the neuromonitoring including MEPs, SSEPs and D-wave.

There was no neurological deterioration post-operatively and MRI at 1-year confirmed the total resection for all the 4 patients.
Conclusions: In conclusion, the surgery is safe and effective in the cervical spine to eradicate cavernomas even in case of giant,
trans-medullary and/or antero-lateral lesions.

Figure 1
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Big cervical disc herniation that masks a high thoracic intraspinal tumor
Bastian Storzer®?, Christoph Mehren'?

1Schén Klinik Munich Harlaching, Spine Center, Munich, Germany
2Akademisches Lehrkrankenhaus, Paracelsus Universitit , Salzburg, Germany

Question: Myelopathy is often caused by degenerative cervical spinal cord compression. The clinical picture can be heterogenous
and has a wide range.

Are there definitive signs for cervical compression and is there a practical possibility to exclude a thoracic pathology?

case report

Methods: A 54 year old patient presented with neck and shoulder pain on the right side, a diffuse numbness of the lower
extremities and paresthesia in the right hand. Further on the patient suffered from a ataxia. The symptomatic started 4 weeks ago.
The cervical MRl illustrates a big disc herniation at the level C5/6 which migrated caudally and is right sided. We performed an
ACDF with complete removal of the sequester at the corresponding level without any complications.

Results: After the operation the patient was pain free but presented a week later with a worsened ataxia and hypesthesia of the
lower extremities

In further MRI investigations a free spinal canal cervical was illustrated but we saw a tumor of Th4 with massive compression of the
spinal cord.

Conclusions: The illustrated case is rare. Neurologic examination before the first operation showed no pathologic reflexes and the
clinical symptomatic correlated with the presented disc herniation. Electrophysiological examination was not performed.

After presenting again the clinical examination showed a progression of the myelopathy.

Electrophysiologic Examination now showed normal Medianus SEPs and Tibialis SEPs couldn"t be rated because of artefacts.

The only way in our view to detect the Tumor before the first operation would have been an MRI of the whole spine which is not
routinely performed when the symptomatic correlates with the present MRI of the cervical spine.

Figure 1 Figure 3

Figure 2

Figure 4
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Figure 6
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Value and outcomes in cervical spine surgery
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Retrospective review of 32 cases with os odontoideum

Abolfazl Rahimizadeh!?, Reza Mollahousaini?

Liran University Of Medical Sciences , Spinal Surgery , Tehran, Iran
2Iran University Of Medical Sciences, Spinal Surgery, Tehran, Iran

Question: To review different C1-C2 fixation techniques in 32 cases with os odontoideum and a new technique for reduction of
irreducible ones as well as the clinical outcome of surgery in the patients with atlantoaxial dislocation (AAD due to os odontoideum.
Methods: From January 2004 to Nov 2018, 32 patients with os odontoideum including 20 men and 12 women were operated in our
institute. The age of the patients ranged from 15 to72 years with mean of 40.3 years.28 patients had cervicomedullary myelopathy
and quadriparesis. But, 4 cases despite unstable OO had only neck and suboccipital pain. All patients underwent a posterior
atlantoaxial fixation with C1-C2 fixation. In 19 cases classic Harms technique was used. In 6 cases translaminar screws at one or two
sides were used. Atlas hook was used unilaterally or bilaterally with C2 screws in 6 cases. In one case C2-C1 laminar hooks were
used. In 2 patients with irreducible atlantoaxial dislocation after facet release reduction was achieved with transverse rod
technique Clinical and radiographic analyses were performed at 3 and 12 months postoperatively and annually thereafter.

Results: The follow-up period was from 4 months to 14 years. No neurologic or vascular complications occurred in these cases, and
the device was placed well with no loosening or breakage. Postoperatively. myelopathic patients got better except Two bed ridden
patients.

Conclusions: All C1-C2 screw —rod- or hook procedures can result in stability and good outcome. Preoperative CT scan of C2
vertebra and visualization of overriding vertebral artery one can avoid VA injury with translaminar screw effectively with a relatively
simple procedure resulting in excellent biomechanical strength and high bone fusion rate.

Figure _7 .
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Intraoperative spinal navigation in dorsal cervical instrumentation using iCT: A report on one year of workflow, feasibility and
accuracy

Ulf Bertram?, Hans Clusmann?, Alexander Riabikin?, Matthias Geiger?, Christian Andreas Miiller?, Christian Blume?

IRWTH University Aachen, Department of Neurosurgery, Aachen, Germany

2RWTH University Aachen, Department of Neuroradiology, Aachen, Germany

Question: In recent history the importance of navigated approaches to spinal screw placement is constantly increasing. While the
use of intraoperative fluoroscopic, isocentric 3D C—arm imaging is still the most common clinical practice, a growing number of
medical centers have introduced intraopertive CT (iCT) navigation as a new clinical standard. In this study we report on work flow,
feasibility and accuracy of dorsal cervical spine instrumentation with iCT AIROO.

Methods: Between September 2017 and September 2018 we analysed a consecutive series of cervical dorsal instrumentation using
iCT AIRO©. Patients with screw placement in C1/2, subaxial and combinations were included. Each screw was individually assessed
by an independent observer making use of the Gertzbein & Robbins classification.

Results: In this period 26 Patients were treated with a total amount of 152 implanted screws. We achieved an overall initial
accuracy of 92.77% (n=121 screws) and after intra-operative revision of detected misplacements (5) 96.05%. In the atlanto-axial
region n=30 screws were implanted, resulting in an accuracy of 96.67% (n=29) and 100% after revision of one misplaced screw.
There was no significant fluctuation in accuracy over the course of the year.

Conclusions: In summary iCT-navigated screw placement yields a good accuracy in the cervical spine region, where accuracy is of
special importance due to critical structures in close proximity. Further more, it is easy to use and reoperation rates can be reduced
due to intra-operative detection of screw misplacements.
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Surgical strategy for severe OPLL (S-OPLL; ossification of the posterior longitudinal ligament with K-line (-) and/or a maximal spinal
canal occupation ratio of 50% or more)

Shizumasa Murata?, Yasutsugu Yukawa?, Hiroshi Iwasaki', Hiroshi Yamada?

Wakayama Medical University, Orthopedic Surgery, Wakayama, Japan

Question: Surgical procedures for OPLL include the posterior, anterior or anterior-posterior combined approach, with advantages
and disadvantages. Performing only posterior decompression for S-OPLL does not have good surgical outcomes. In this report, we
retrospectively investigated the surgical results of S-OPLL, and elucidated the predictors of poor surgical outcomes.

Methods: This study included 40 patients (29 men, 11 women; 64.2 years) with S-OPLL, who were undergone the first surgery after
2011 and followed up for more than 1-year. We defined the JOA improvement rate less than 40% at 1-year post-surgery as poor
surgical outcome. Predictive factors included sex, age, the preoperative JOA score, the surgical procedure (posterior
decompression; PD, posterior decompression fusion; PSF, and anterior decompression fusion [tposterior fusion]; ASF). We
performed multiple regression analysis to identify predictors of poor surgical outcomes (significance level: p<0.05).

Results: The PD included 20 patients (17 men, 3 women; 64.1 years), PSF; 10 (5 men, 5 women; 69.9 years), and ASF; 10 (7 men, 3
women; 58.5 years). In the PD, PSF, and ASF, the OPLL occupancy ratio was 51.0, 53.2, and 63.1%, respectively. The JOA
improvement rate was 27.6, 47.3, and 55.7%. Sex (p=0.037) and surgical procedure (p=0.009) significantly associated with poor
surgical outcomes. Women had a higher risk than men (odds ratio, 12.6). The PD had a higher risk than the PSF and ASF (odds
ratios, 25.1 and 16.2).

Conclusions: Although ASF has much surgical stress, direct decompression is possible, and hence it obtained the best postoperative
outcomes in S-OPLL. PSF (PD with posterior fusion) obtained good surgical outcomes, next to the ASF. Selecting operative
procedures may be limited by the cervical level of OPLL, physical status, and whether the facility can manage intensive care after
surgery. Thus, in unadaptable cases for performing ASF, it is possible to increase improvement rate by additional posterior fusion to
PD.
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Segmental instrumented fusion with laminoplasty for cervical OPLL with K-line (+)/large segmental motion - retrospective analysis
compared with laminoplasty without segmental fusion

Kengo Fuijii', Masao Koda?, Junya Saito?, Tetsuya Abe?, Toru Funayama?, Hiroshi Noguchi?, Kousei Miura?, Katsuya Nagashima?,
Kentaro Mataki?, Yosuke Shibao?, Takeo Furuya3, Masashi Yamazaki?

1KMC Takahagi Kyodo Hospital, Orhopaedic surgery, Takahagi, Japan

2University of Tsukuba, Orthopaedic Surgery, Tsukuba, Japan

3Chiba University, Orthopaedic Surgery, Chiba, Japan

Question: Cervical laminoplasty (LMP) is a widely performed surgical procedure for cervical OPLL. The K-line is a useful indicator to
determine surgical method. Although LMP is usually preferred in K-line (+) patients, previous study revealed that large segmental
motion at the peak of OPLL might have negative impact on clinical outcome after LMP. Therefore, we apply segmental posterior
instrumented fusion (sPDF) in addition to LMP. The aim of the present study was to determine the efficacy of sPDF for cervical OPLL
with K-line (+) with large segmental motion at the peak of OPLL.

Methods: Twenty-one patients of cervical OPLL with K-line (+) with large segmental motion at the peak of OPLL were
retrospectively analyzed. Six patients underwent sPDF in addition to LMP (sPDF group: 5 male, 1 female; age, 54-78 years, mean
70.7years) and 15 patients underwent LMP (LMP group: 9 male, 6 female; age 56-86 years, mean 67.5 years). OPLL occupation
ratio, segmental range of motion (SROM) were assessed from preoperative X-ray and CT scans, cervical JOA score were obtained
preoperatively and at the final follow-up, and JOA score recovery rate was calculated.

Results: There was no significant difference between sPDF and LMP groups in regards OPLL occupation ratio, sSROM, and pre-op
JOA score. Follow up period was significantly longer in the LMP group compared with that in the sPDF group (p=0.03). Post-op JOA
score and recovery rate were significantly higher in sPDF group compared to LMP group (Post-op JOA score: sPDF 13.2%3.0 points,
LMP 11.0%2.7points, p=0.03, recovery rate: sPDF 57.5+28.9%, LMP 21.44+21.7%, p=0.01). No adverse event was observed in both
groups.

Conclusions: Our results suggest that addition of the segmental posterior instrumented fusion to LMP has potential beneficial
effect for cervical OPLL with K-line (+) with large segmental motion.
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Submandibular approach to the craniovertebral junction: single-stage ventral decompression and stabilization with an innovative
hybrid construct: A cadaveric study of feasibility and technical illustration

Luca Ricciardi'?, Carmelo Lucio Sturiale!, Alessandro 1zzo%?, Filippo Maria Pollit, Massimiliano Visocchi?, Alessandro Olivi*, Alfredo
Quinones-Hinojosa?, Francesco Ciro Tamburrelli 3, Selby Chen?

1Fondazione Policlinico Universitario A. Gemelli IRCCS, Istituto di Neurochirurgia, Rome, Italy

’Mayo Clinic, Department of neurosurgery, Jacksonville, FL, United States

3Ucsc- A. Gemelli University Hospital Foundation, Division of vertebral surgery, Roma, Italy

Question: The craniovertebral junction (CVJ) may be affected by several diseases. It is anatomically complex, involving osteo-
ligamentous, vascular and nervous structures, which makes surgeries challenging. When there is evidence of ventral compression,
an anterior approach is preferable, but a subsequent atlanto-axial fixation is often required. Trans-mucosal approaches are
associated with high rates of infections, which could result increased when instrumentation devices are placed through these ways.
The aim of the present investigation is to investigate the feasibility of a single stage, anterior extramucosal approach to the CVJ for
simultaneous decompression and stabilization.

Methods: The present is a preliminary cadaveric feasibility study on two injected heads. Submandibular (SM) approach variation
with a short “boomerang” incision, microsurgical decompression of the ventral CVJ and a new hybrid construct for atlanto-axial
stabilization have been investigated. The surgical approach, the decompression steps, and the hybrid instrumentation technique
have been described. In addition, intra-procedural images and x-rays, and post-procedural CT scan results were collected. Surgical
exposure, working angles and corridors, and decompression grade were measured.

Results: SM approach provides the possibility for an extramucosal instrumentation of the CVJ. The hybrid construct, using a
contralateral trans-articular screw and an ipsilateral intra-articular cage, results in a comfortable bilateral instrumentation.
Mechanical investigations of this new hybrid system and in-vivo studies are needed to confirm our results. The ventral
decompression was complete as confirmed on post-procedural CT scans.

Conclusions: A single stage, anterior extramucosal approach for decompression and stabilization of CVJ may result in shorter
surgical duration and less related comorbidities.

Figure 1 Figure 3

Figure 2
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Efficacy of posterior articular segment decompression for cervical spondylotic myelopathy: a 5-year follow-up study of
microendoscopic laminotomy versus conventional laminoplasty

Akihito Minamide?!, Munehito Yoshida?!, Andrew K. Simpson?, Motohiro Okada?, Hiroshi Iwasaki?, Shunji Tsutsui', Msanari Takami?,
Hiroshi Hashizume?, Yasutsugu Yukawa?, Hiroshi Yamada®

Wakayama Medical University, Orthopaedic Surgery, Wakayama, Japan

2Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, United States

Question: The cervical spondylotic myelopathy (CSM) consists of a pincer mechanism due to a bulging disc and a hypertrophied
ligamentum flavum. The concept of cervical microendoscopic laminotomy (CMEL) is the relief of pincer mechanism due to remove
the dorsal compressive elements of articular segment. CMEL is a minimally invasive spine surgery using endoscpe, and may provide
some benefit with regard to maintaining lordosis and decreasing axial symptoms. The goal of this study was to characterize the
long-term clinical and radiological results of CMEL for CSM and to compare outcomes to conventional expansive laminoplasty
(ELAP).

Methods: Consecutive patients with CSM who required surgical treatment were enrolled. All enrolled patients (n =78) underwent
CMEL or ELAP. All patients were followed postoperatively for more than 5 years. The preoperative and 5-year follow-up evaluations
included neurological assessment (Japanese Orthopaedic Association [JOA] score), JOA recovery rates, VAS for axial neck pain, the
SF-36, and cervical sagittal alignment (C2—-7 subaxial cervical angle).

Results: Sixty-one patients were included for analysis, 31 in the CMEL group and 30 in the ELAP group. The JOA recovery rates were
similar, 57.6% in the CMEL group and 55.4% in the ELAP group (p > 0.05). The axial neck pain in the CMEL group was significantly
lower than that in the ELAP group (p < 0.01). At the 5-year follow-up, cervical alignment was more favorable in the CMEL group,
with an average 2.6° gain in lordosis (versus 1.2° loss of lordosis in the ELAP group [p < 0.05]) and lower incidence of postoperative
kyphosis.

Conclusions: CMEL is a novel, less invasive technique that allows for multilevel posterior cervical decompression for the CSM
treatment. This 5-year follow-up data demonstrates that after undergoing CMEL, patients have similar neurological outcomes to
conventional laminoplasty, with significantly less postoperative axial pain and improved subaxial cervical lordosis when compared
with their traditional ELAP.

Figure 1 Figure 3

Figure 2
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The radiographical outcomes of C1-2 fusion for atlantoaxial subluxation in rheumatoid arthritis patients
Haruo Misawa?, Tomoyuki Takigawa?, Yasuyuki Shiozaki', Shinichirou Takao?, Toshifumi Ozaki®
10kayama university hospital, Department of Orthopedic Surgery, Okayama, Japan

Question: Atlantoaxial subluxation (AAS) is one of the important comorbidities in severe rheumatoid arthritis (RA) patients. Many
techniques like trans-articular screw (TAS), pedicle screw (PS), and laminar screw (LS) could be chosen for anchors of axis
depending on patient’s individual anatomies. We compared radiographical outcomes based on anchors of axis.

Methods: 20 patients (18 female and 2 male, mean age at surgery 67.8 years) underwent C1-2 fusion for atlantoaxial subluxation
secondary to RA were enrolled. Mean follow-up was 3.3 years. Radiographic assessment consisted of lateral cervical radiographs in
neutral and dynamic views and atlanto-dental interval (ADI) was measured in flexed view. Fusion was assessed using flexion-
extension x-rays and CT image. As C2 anchors, bilateral PS in 8 cases, bilateral LS in 5 cases, bilateral TAS in 3 cases, unilateral LS
and TAS in 2 case, unilateral LS and PS in 1case, and unilateral PS and TAS in 1lcase were used. Radiographical courses were
evaluated.

Results: Nonunion was occured in 2 cases out of 20 cases (1 unilateral LS and TAS and 1 unilateral LS and PS cases), and union rate
was 90%. Revision surgery was performed in 1 case due to malposition of C2 laminar screw. The mean preoperative, postoperative,
and final ADIs in total cases were 8.9mm, 4.3 mm, and 5.4mm, respectively. Those in the cases of bilateral laminar screws were
7.4mm, 3.5mm, and 6.1mm, respectively. Those in the other cases were 9.5mm, 4.5mm, and 5.1mm, respectively. The correction
loss of ADI in bilateral LS cases and the other cases were 2.6mm and 0.6mm, respectively, and there were significant different in
two groups (P=0.0239).

Conclusions: In this series, the cases of bilateral LS had larger correction loss. The plane of instability of AAS was sagittal. LS axis is
nearly vertical toward this plane though PS and TAS were nearly parallel. Screws couldn’t tolerate twisting force well, so in the
cases of bilateral LS the correction loss was larger than the other constructs.
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Surgical outcomes of postural instability in patients with cervical myelopathy

Toma Yano?, Takashi Fujishiro?, Atsushi Nakano?, Yoshiharu Nakaya !, Sachio Hayama?, Takuya Obo?, Ichiro Baba?, Masashi Neo?
10saka Medical College, Department of Orthopedic Surgery, Takatsuki, Japan

Question: Surgical outcomes of postural instability and its predictors in CM patients.

Methods: Postural stability in CM patients was assessed using a stabilometer preoperatively, at the early phase (3 to 6 months
postoperatively), and at 1-year postoperatively, employing 2 stabilometric parameters: sway area (SA [cm2]: greater value
indicating greater body sway) and sway density (SD [/cm]: greater value indicating better proprioceptive reflex), and compared to
27 age-, gender-, and BMI-matched healthy volunteers. Multivariate analyses for postoperative stabilometric parameters were
performed to elucidate the predictors of surgical outcome.

Results: A total of 54 CM patients included in the present study. SA was 7.89+0.84, 4.78+0.68, and 4.85+0.49, and SD was
14.63+0.85, 20.41+1.23, and 19.36+1.40 preoperatively, at early phase, and 1-year postoperatively, respectively. Two stabilometric
parameters improved postoperatively; however, in all time points, they were significantly worse compared to the healthy subjects
(SA: 2.680.24, SD: 24.91+1.83). Multivariate analyses showed that worse preoperative stabilometric parameters were significantly
related to worse ones.

Conclusions: Surgery significantly improves the postural stability in CM patients; however, it does not reach the level of healthy
population even postoperatively. A predictor of worse postoperative postural stability is worse preoperative one. To achieve better
surgical outcome of postural instability, the surgical intervention is recommended before symptoms of bodily imbalance worsen.
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Effectiveness of laminoplasty for cervical myelopathy due to disc herniation: Is there limitation in cases with a herniated disc
exceeding the K-line?

Tsuyoshi Sato?, Atsuki Sano?

!Niigata Prefectural Shibata Hospital, Orthopedic Surgery, Shibata, Japan

Question: The K-line is the index for making decisions regarding the surgical approach for cervical ossification of the posterior
longitudinal ligament (OPLL). However, the usefulness for cervical disc herniation is unclear. This study aimed to evaluate the
clinical results of laminoplasty for cervical myelopathy due to disc herniation, including cases with a herniated disc exceeding the K-
line.

Methods: 11 consecutive patients (female, n=4; males, n=7; mean age, 53.9 years) with cervical myelopathy due to disc herniation
were included in the present study. All patients underwent laminoplasty without discectomy at our hospital and were followed up
for more than 1 year (mean, 28.9 months). In 3 patients, the herniated disc exceeded the K-line (defined as the line connecting the
midpoints of the spinal canal at C2 and C7) on preoperative sagittal MRI. Using the JOA Cervical Myelopathy Evaluation
Questionnaire, a visual analog scale (VAS; 0-10) and lateral radiographs, the cervical spinal function, axial neck pain, sagittal
alignment and range of motion (ROM) of C2-7 were evaluated in the preoperative period, and at the 6-month, 1-year, and final
follow-up examinations. Using post-operative MRI, the size of the herniated disc was evaluated.

Results: The cervical spine, upper extremity and lower extremity function and QOL scores were significantly increased in
comparison to the preoperative scores (the mean preoperative and final follow-up scores were 75 and 92.3, 79 and 97.6, 62.1 and
83.7, 47.7 and 61.4, respectively; P<0.05). Axial neck pain decreased after the operation (4.6 and 3.4). The cervical alignment and
ROM were maintained (cervical alignment: 8.2 and 8.6 degrees; ROM: 39.5°and 30.5°). Postoperative MRI was performed in 8
cases. The herniated disc was absorbed in 6 of the 8 patients, including 3 with a herniated disc exceeding the K-line before surgery.
Conclusions: Laminoplasty might be effective for cervical myelopathy due to disc herniation in cases where the herniated disc
exceeds the K-line.
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Return to rugby after cervical arthroplasty

Carlos Ribeiro?, Raul Santos?, Rui Reinas?, D'jamel Kitumba?, Tiago Lima?, Marques Baptista®
ICentro Hospitalar de Vila Nova de Gaia/Espinho, Neurosurgery, Vila Nova de Gaia, Portugal

Question: Are rugby players able to return to contact sports after cervical arthroplasty?

Methods: A 28-year-old male amateur rugby player with symptomatic degenerative disc disease of the cervical spine underwent a
two-level arthroplasty. Clinical data were obtained retrospectively from the medical record. The patient was treated with a two-
level arthroplasty (C5-C6-C7) at our department. Clinical status and radiographic parameters were evaluated preoperatively and
during follow-up. In addition, information was gathered regarding VAS pain and point of return to sport.

Results: The preoperative radicular pain and numbness resolved completely following total disc replacement. Radicular pain
significantly improved from VAS 8 to VAS 0 at the latest follow-up. No new neurological deficits were found.

The patient had a post-operative rest of 3 weeks, without cervical collar. He then started rehabilitation and cardio at the 4th week
and sports activities without contact at 3 months. A return to competitive events and collisions was possible after 4 months.
Currently, the patient is performing gymnasium training sessions 4 times a week (60 minutes each), rugby training 3 times per week
(90 minutes each) and competition 1 time per week (80 minutes).

Long term follow-up 16 months after surgery demonstrated a correct alignment of the implants and the patient reported as very
satisfied.

Conclusions: The return to physical activity and sports is of outstanding importance in young athletes with degenerative spinal
disease who need to undergo surgical treatment. In our opinion, cervical arthroplasty is a logical option in young rugby athletes as
they can successfully return to play at their previous level of function and competition.
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CT morphological analysis of the inferior limit by endonasal access to the craniovertebral junction
Masanori Yonenaga?, Hitoshi Yamahata?, Shingo Fujio?, Yushi Nagano?, Tomoko Hanada?, Koji Yoshimoto?!
1Kagoshima University Hospital, Department of Neurosurgery, Kagoshima, Japan

Question: Endoscopic endonasal approach (EEA) has been accepted as an alternative option for diseases of the craniovertebral
junction (CVJ). Compared with the transoral approach, the lowest point through endonasal corridor is concern, therefore,
preoperative estimation to reach is mandatory for the appropriate indication selection. In the present study, we examined the
inferior limit through endonasal corridor, and evaluated the relationships between surrounding anatomical factors and the lowest
point.

Methods: 20 patients (9 men and 11 women), the mean age was 59.5 (range, 37-71), who underwent trans sphenoidal surgery for
an intrasellar lesion in our hospital were included in this study. We measured 4 parameters including nasal length (NL, length of
rhinion to anterior nasal spine), hard palate length (HPL), the anterior-posterior diameter of the nasopharynx (APDN), and naso
palatine angle (NPA) on preoperative CT images. At the start of surgery, the lowest point was marked with a straight probe and 0
degree endoscope under guidance of the navigation system. The cases where the target is on or above hard palatine line were
classified as Group A, and below the hard palatine line as Group B.

Results: The target points were more than the hard palate line in 13 patients (Group A) and under the hard palate line in 7 patients
(Group B). None of the target points were below the nasoaxial line. The mean NL was 31 mm (range, 29 - 36 mm), HPL was 52 mm
(range, 43 - 60mm), APDN was 25 mm (range, 20 - 29 mm), and NPA was 28 ° (range, 23 - 31 °). Comparing with two groups, a
significant difference was found at NL and NPA (both p = 0.01). There was no significant difference in APDN and HPL.

Conclusions: The present study indicated that the size of the nasal entrance affect the accessibility of the surgical instruments.
Preoperative evaluation of the parameters listed in this study gives useful information for the treatment of CVJ diseases.
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Accuracy of subaxial cervical pedicle screw placement with computer navigation system
Yasuyuki Shiozaki', Haruo Misawa?, Shinichiro Takao?

1Sumitomo bessi hospital, Orthopeadic Surgery, Niihama city, Japan

20kayama University, orthopedic, Okayama, Japan

Question: Accurate placement of cervical pedicle screws remains a surgical challenge. In this study, the accuracy of subaxial cervical
pedicle screw placementwas compared with preoperative 3D CT-based navigation system andintraoperative 3D CT-based
navigation system.

Methods: Posterior cervical instrumented fixation of cervical spine using subaxial CPS was performed in 59 pts at our institute
between 2008 and 2018.The clinical diagnosis was CSM with instability or destructive spondyloarthropathy in 16 pts, CSM
associated with cerebral palsy in 8 pts, rheumatoid arthritis (RA) in 8 pts, cervical deformity 3 pts, trauma in 11 pts, neoplastic
destruction in 13 pts. Degeneration group (35 pts) is CSM, RA and deformity patients. Non-degeneration group (24 pts) is trauma
and neoplastic patients. CPSs were placed using a preoperative 3D CT-based navigation system (preoperative group) during the first
study period (2008-2012) and using an intraoperative 3D CT-based navigation system (O-arm group) during the second study
period (2013-2018).

Results: The radiological accuracy of CPS placement was evaluated using postoperative CT scans and was defined retrospectively by
a grading scale originally proposed by Neo et al. A total of 164 CPSs were placed in preoperative group, and a total of 132 CPSs in O-
arm group, so that 296 CPSs were placed in the spine level of C3 to C7. In preoperative group, accuracy of CPS placement was 91.5
% (150 of the 164 screws) in grade 0, 5.4 % (9 of the 164 screws) in grade 1, 1.2 % (2 of the 164 screws) in grade 2, and 1.8 % (3 of
the 164 screws) in grade 3. In O-arm group, accuracy of CPS placement was 97.0 % (128 of the 132 screws) in grade 0, 2.2 % (3 of
the 132 screws) in grade 1 and 0.8 % (1 of the 132 screws) in grade 3. Malpositon of CPS in degeneration group was identified in 16
pts of the 35 pts. Malpositon of CPS in non-degeneration group was identified in 0 pts of the 24 pts.

Conclusions: There is no difference in accuracy in navigation. Accuracy was different in disease.
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Analysis of the Indications, surgical profile, and complications of Occipitocervical Fusion; retrospective review of 230 patients long-
term follow up

Mohammed Alhashash?, Reza Bahrami2, Mootaz Shousha?, Hany Gendy?, Hassan Allouch?, Heinrich B6hm?

1Zentralklinik Bad Berka and Alexandria University Egypt, Spine Surgery, Bad Berka, Germany

2Zentralklinik Bad Berka, Spine surgery, Bad Berka, Germany

Question: Occipitocervical fusion is a surgical technique in continuous evolution due to the innovation of devices, operative and
instrumentation techniques. In this work the indications, surgical technique, and complications of the Occipitocervical fusions were
analysed.

Methods: A retrospective analysis of the collected data in a single high-volume spine centre over 25 years starting from 1994 to
2016 revealed a series of 230 consecutive surgical procedures involving the Occipitocervical junction. the preoperative, operative,
and postoperative surgical outcome were analysed.

Results: There were 128 females and 102 males with a mean age of 61+17 years. The indications of fusion were; rheumatoid
arthritis with instability in 50. post traumatic instability in 50, odontoid fracture pseudarthrosis in 23, tumour metastasis in 28,
Occipitocervical malformations in 17, infections in 12, and non-rheumatic instability in 50 patients. In 75 patients there were
neurological deficits which improved in 40 patients. Blood loss was 800600 ml with significantly more bleeding in tumour patients,
operation time 2401125 minutes. Posterior approach was performed in 130 and combined anterior transoral and posterior fixation
was indicated in100 patients. Plates and screws were used in the first 110 patients and screw-rod and occipital plate were used in
120 patients. post-operative mean follow up was 5636 months.

Reoperations were performed in 55 (24%) of patients mostly due to wound healing problems in 25, screws loosening in 11, re-
stenosis in 12, and adjacent segment stenosis in 6 patients. Early postoperative mortalities within one month were in 5 patients
representing Only 2.1 %

Conclusions: Occipitocervical fusion is a safe procedure. In many cases an additional transoral decompression of the brain stem is
necessary. Improvement of the implants leads to a significant reduction of the surgical risks and the implant related revisions
specially wound healing and screw loosening
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Changes of OPLL foci at residual vertebral boy in surgical site after a hybrid decompression and arthrodesis for multilevel
myelopathy due to cervical OPLL

Macondo Mochizuki?, Atsuomi Aiba?, Ryo Kadota?, Norihiko Minami?, Kunio Kouda3

INumazu City Hospital, Orthopedic Surg., Numazu, Japan

?Kashiwa City Hospital, Orthopaedic surgery, Kashiwa, Japan

3Tsukuba University, Orthopedic Surgery, Tsukuba, Japan

Question: A hybrid decompression and fusion in combination with ACF and ACDF with a dynamic plate, fixed by 6 screws can
reduce perioperative complications and eliminate not only halo-vest immobilization but also a posterior instrumentation although
in this OPLL situation, a growth or newly developed OPLL foci at residual vertebral body within decompression site may have a risk
of neurological deterioration in longer term( fig. arrow).

Objective of this study is to assess the change of OPLL foci at the residual vertebral body within decompression site and to discuss
the validity of this method from this point.

Methods: Sixty-two cases out of seventy cases, treated with a hybrid method between 2007 and 2015 were analyzed in this study.
Mean age at surgery was 61 y/o with 67 months F/U periods on an average and mean surgical extension was 3.5 segments.
(Method) SAC (space available for the spinal cord), changed by OPLL foci at residual vertebral body at latest F/U was assessed on CT
and JOA score was used for neurological assessment. These results were compared between union group and non-union group.
OPLL growth or suppression was defined when the change of SAC extend its value over 1Imm at the peak of OPLL foci of the residual
vertebral body.

Results: No newly development nor growth of OPLL foci at residual vertebral body was found in all case and SAC expanded in 3
cases (1.1mm suppression of OPLL foci on an average).

In union group (57 cases), JOA score has improved from 10.4 points on an average before surgery to 14.7 points at final F/U with no
neurological deterioration case. In non-union group (5 cases), no growth of OPLL foci was also founded with good neurological
recovery (11.7/16.4, RR 87%).

Conclusions: Smaller number of cases showed the suppression of OPLL foci however no growth nor newly developed OPLL foci was
detected in this series. Hybrid method for cervical OPLL with multilevel lesion is thought to be an effective procedure from the
standpoint of relatively long term F/U outcomes.

Figure 1
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Long-term outcome of anterior cervical decompression with fusion for cervical ossification of posterior longitudinal ligament
Hideaki Nakajima?, Shuji Watanabe?, Kazuya Honjoh?, Ippei Kitade!, Daisuke Sugita®, Akihiko Matsumine®

IFaculty of Medical Sciences University of Fukui, Department of Orthopaedics and Rehabilitation Medicine, Fukui, Japan

Question: There is little information on the long-term surgical outcome of anterior cervical decompression and fusion (ACDF) in
patients with cervical ossification of longitudinal ligament (OPLL). The aim of this retrospective study was to assess the outcome,
perioperative complications, and prognostic factors including postsurgical remnant ossified spinal lesion of ACDF.

Methods: Eighty patients with cervical myelopathy due to OPLL underwent ACDF. Among these, 42 patients were followed-up for
at least 5 years and their data were analyzed.

Results: The mean follow-up period was 7.9+2.8 years, and the overall improvement rate was 59.2+15.0%. Although 12 (15.0%)
perioperative complications were observed, none of the patients had chronic complications. Multivariate logistic regression
analysis that included the preoperative Japanese Orthopaedic Association (JOA) score, type of OPLL, occupying ratio of OPLL, and
number of fused segments and increase in the transverse area of the cord identified the latter parameter as the only independent
and significant determinant of radiological and clinical improvement of >50%. Among the patients with remaining ossified spinal
lesions out of the decompressed range (16 patients), postoperative progression was observed in 6 cases (14.3%) who were all of
the mixed type; floated lesions within the decompressed range did not show progression. Adjacent segment degeneration was
seen in 9 (21.4%) patients, and neurological signs and symptoms were seen in only 3 and only 1 patient required revision surgery.
Conclusions: The long-term clinical outcome of patients with cervical OPLL after ACDF is considered satisfactory. Surgery-related
complications and adjacent segment diseases should not be reasons to avoid ACDF. Care should be taken in selecting ACDF with
postsurgical remnant ossified spinal lesion since it could progress postoperatively especially in the mixed type OPLL.
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Supralaminar C1 lateral masses screw insertion

Aleksandr V. Burtsev !, Olga Sergeenko?, Sergey Ryabykh %, Alexander Gubin !
Llizarov Center, neurosurgical, Kurgan, Russian Federation

Question: What types of C1 lateral masses screws insertion used most often? Which ones are the safest? In what cases
supralaminar C1 lateral masses screws insertion is acceptable?

Methods: The literature review was carried out in English, Russian and Spanish in PubMed, GoogleScholar and elLibrary databases.
The search queries were: C1-C2 screw fixation, technical note. 434 articles were found. Also we analysed five own patients with
atlantoaxail instability operated by the Goel-Harms technique. The subjects of analysis were: technical aspects of the C1 lateral
masses screw insertion, variants of anatomy in V3 segment of vertebral arteries (diameter, the distance from the upper surface of
the posterior arch C1 to the occipital bone squama.

Results: Three main types of C1 lateral masses screw implantation mainly used by spinal surgeons, according literature review:
completely translaminar, partially sublaminar and completely sublaminar. Only the complitely translaminar screw insertion do not
accompanied by risk of the venous plexus and C1 root damage. The completely translaminar C1 lateral masses screw insertion
possible only when its thickness is more than 4 mm. When analyzing the data of CT angiography of five patients with C1-C2
instability, we found that completely or partial supralaminar C1 lateral masses screw insertion were possible in all cases (the
distance between the posterior C1 arch and occipital bone squama varies from 6 mm to 1 cm) without the risk of vertebral artery
damage or compression. This technique was applied in five patients: no complications were noted.

Conclusions: Supralaminar C1 lateral masses screw insertion provide an almost "bloodless", feasible and safe method (fig.1 and 2).
This alternative option can be useful in pediatric patients, when the C1 arch width is less than 4 mm.

Figure 1
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Three-rod constructs for posterior craniocervical and cervico-thoracic stabilization
Aleksandr V. Burtsev !, Olga Sergeenko?, Sergey Ryabykh !, Alexander Gubin !
Llizarov Center, neurosurgical, Kurgan, Russian Federation

Question: In what cases using of three-rod constructs for posterior craniocervical and cervico-thoracic stabilization use justified?
Do its increase the reliability of screw fixation? Is its safe and effective?

Methods: Three-rod constructs for posterior craniocervical and cervico-thoracic stabilization was applied in four patients with
developmental anomalies and systemic diseases: cervico-thoracic in two cases, craniocervical in one case, and its combination in
one case.

Results: Three-rod constructs in the craniocervical junction was carried out in next way: occipital plate - three screws in C2
(intralaminar, pedicle screw or/and interarticular) - C1 lateral mass screw (fig.1). Three-rod constructs in the cervico-thoracic
junction was carried out by using the subaxial vertebra (usually C7) and the upper-thoracic (usually Th1) vertebra for like anchor (3-
point screws: transpedicular, intralaminar or/and lateral mass) (fig.2). During the assembly of the constructions in four patients
there were no difficulties. No complications were found in the early and late postoperative periods. The follow-up period is from 6
months to 1.5 years, fusion was achived in all cases.

Conclusions: Three-rod constructs for posterior craniocervical and cervico-thoracic stabilization justified in cases of congenital
abnormalities and systemic deseases. It is safe and effective method, increased the reliability of screw fixation.

Figure 1
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Surgical treatment of anomaly-related atlantoaxial dislocations in pediatric patients
Olga Sergeenko?, Aleksandr V. Burtsev !, Sergey Ryabykh !, Alexander Gubin *
lizarov Center, neurosurgical, Kurgan, Russian Federation

Question: Which indicators of atlantoaxial dislocation (AAD) suitable for use in pediatric patients with craniovertebral junction
(CVJ) anomalies? How to choose the optimal type of treatment in patients with congenital AAD? Is screw fixation safe and effective
in pediatric patients with congenital AAD?

Methods: We analyzed 25 pediatric cases of CVJ anomaly-related atlantoaxial dislocations, treated in our hospital for the last 9
years (2009-2018).

Results: There are 6 patients with local CVJ abnormalities, 6 patients with Klippel-Feil syndrome and 13 patients with different
systemic diseases. The most common in owr group were odontoid abnormalities (20 patients) and hypoplasia of the C1 structures
(15 patients). In Klippel-Feil group dislocations were predisposed by the combination of congenital C2-3 block and C1
occipitalization. Most common symptoms were: cervical myelopathy (19 patients), cervical spine deformity, restriction of neck
movements and neck pain (14 patients). Local symptoms were more typical to the patients with KFS. Myelopathy occured more
often in patients with "syndromic" AAD. Full or partial reduction of dislocation and decompression of spinal cord were achieved in
all cases. All cases of screw malpositions were asymptomatic and did not require reoperation. In almost all of the cases, there was
neurological and functional status improvement. Two patients had a rod fracture, requiring reoperation.

Conclusions: CVJ anomaly-related AAD more often occurs in the result of odontoid abnormalities and hypoplasia of the C1
vertebra. ocal symptoms are more typical to patients with non-syndromic AAD and KFS-related AAD, than to "syndromic" AAD.
Myelopathy occurs more often in patients with syndromic AAD, than in patients with non-syndromic AAD and KFS-related AAD.
Screw fixation for treatment of anomaly-related AAD in pediatric patients is a safe and reliable method. The total number of
complications in our group was 6 (24%), 2 of them required reoperation (8%).
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High-angle Screw Setting at Anterior Cervical Plating Prevents graft subsidence and Correction Loss Following Anterior Cervical
Discectomy and Fusion

Tatsuhiro Sekiya?, Hisanori Mihara?, Yasunori Tatara®, Takanori Nimura?, Atsushi Goda*

1Yokohama Minami Kyosai Hospital, Orthopaedic Surgery, Yokohama, Japan

Question: For preventing dysphasia or heterotopic ossification relating to anterior cervical plating, a shorter plate which allows
high-angle screw setting at the top or the bottom is recommended. We noticed than when the top screws inserted from the
antero-inferior corner of the vertebra with high-angle, graft subsidence became minimal in many cases taking anterior cervical
discectomy and fusion (ACDF). This study retrospectively investigated whether such screw setting would prevent graft subsidence
and correction loss following ACDF.

Methods: From January 2014 to September 2016, 38 patients underwent ACDF using anterior plate systems which had a swing
angle over 30 degrees for variable screw setting. These subjects were divided into two groups according to the screw setting angle
beyond 20 degrees (H group) or not (L group) and then plate setting level, number of fusion levels, pre- and post-operative
neurological status (JOA score), graft (cage) subsidence and correction loss of the lordosis were compared between two groups.
Results: The mean screw setting angle at the top was 21.8 degrees. The H group showing the insertion angle beyond 20 degrees
included 24 cases and remaining 14 cases with the angle less than 20 degrees were classified in L group. There were no significant
differences in plate setting level, number of fusion levels, or pre- and post-operative JOA scores. The mean subsidence of a cage in
a year was 0.9mm in group H and 1.3mm in group L, but the difference was not statistically significant. However, 0.7 degrees of the
correction loss in group H was significantly smaller than 2.3 degrees in group L.

Conclusions: High-angle Screw Setting in anterior cervical plating successfully reduced graft subsidence and subsequently
prevented correction loss of the cervical lordosis following ACDF.
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Which NDI domains best predict change in physical function in patients undergoing cervical spine surgery?

Michael E. Steinhaus?, Sravisht lyer?, Francis Lovecchio?, Daniel Stein!, Thomas Ross?, Jingyan Yang?, Virginie Lafage?, Todd J.
Albert?, Han Jo Kim?

LHospital for Special Surgery, New York, NY, United States

Question: NDI is a widely validated outcome measure, yet to what extent its individual domains predict changes in physical
function remains unknown. The purpose of this study is to examine the impact of NDI domains on changes in physical function in
patients undergoing cervical spine surgery.

Methods: Patients undergoing cervical spine surgery between 2016-2018 were prospectively enrolled. Patients completed
questionnaires (NDI, SF-36 PCS, and PROMIS PF) preoperatively and at 6 months postoperatively. A stepwise linear regression
analysis was performed to identify NDI items that are independently predictive of PROMIS PF and SF-36 PCS

Results: A total of 137 patients were included in the study, with mean age 56.9 yrs (range, 24.4-84.9). All NDI domains as well as
PROMIS PF and SF-36 PCS demonstrated significant improvement following cervical spine surgery (p<0.001). Changes in NDI
domains demonstrated significant negative correlation with changes in PROMIS PF (p<0.001), with recreation (R=-0.537), work (R=-
0.514), and pain intensity (R=-0.488) having the greatest negative correlation. Changes in NDI domains demonstrated significant
negative correlation with changes in SF-36 PCS (p<0.001), with recreation (R=-0.451), work (R=-0.443), lifting (R=-0.373) and driving
(R=-0.373) having the greatest negative correlation. For PROMIS PF, the NDI domains that were independently associated with
changes were work, pain intensity, and recreation. For SF-36 PCS, the NDI items that were independently associated with changes
were work and recreation

Conclusions: All NDI domains improve significantly after cervical spine surgery and demonstrate significant correlation with
changes in PROMIS PF and SF-36 PCS. The work, recreation, and pain intensity domains were the only independent predictors of
physical function changes postoperatively. Our findings highlight the importance of considering changes in individual NDI domains
in addition to the total score

Figure 1
Table 1: Linear Regression Modeling
PROMIS PF 5F-36 PCS
ltem Coefficient o Coefficient i
(95% Cl) P (95% Cl) P
. -0.089
Pain Intensity (-0.147, -0.032) 0.003
Personal Care - -
Lifting - -
Reading - -
Headaches - -
Concentration = -
-0.052 -0.269
ok (-0.148,-0.036) | %% | (-0.444, 0003 | @09
Driving z -
Sleeping - -
; -0.067 -0.215
Recreation (-0.112, -0.022) 0.004 (-0.351,-0.079) 0.002

NDI: Neck Disability Index; PROMIS: Patient Reported Outcomes Measurement
Information System; PF: physical function; 5F-36: Short Form 36; PCS: Physical
Component Score; Cl: confidence interval
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The use of Patient Reported Outcomes Measurement Information System (PROMIS) in spine surgery: A systematic review
Kelsey Young?, Catherine Gang?, Avani Vaishnav?, Bridget Jivanellil, Michael Steinhaus?, Francis Lovecchio?, Sheeraz Qureshi?,
Steven McAnany?, Han Jo Kim?, Sravisht lyer!

LHospital for Special Surgery, New York, NY, United States

Question: PROMIS has emerged as a promising outcome tool, yet whether it correlates with legacy outcomes across the spine
literature remains unknown

Methods: A systematic search of the Pubmed, EMBASE, and Cochrane databases using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines was performed yielding 254 unique studies reporting on "PROMIS" in spine.
Ultimately 16 studies were selected for inclusion

Results: There were a total of 4344 patients included. In the cervical population, PROMIS physical function (PF), pain intensity (PIn),
pain interference (PIf), and pain behavior (PB) all strongly correlated with NDI (average |r|=0.64-0.76), and PF correlated with
mJOA (average |r|=0.66). In lumbar pathology and spinal deformity, the PF, PIn, PIf, PB, and social roles satisfaction (SR) all strongly
correlated with ODI (|r|=0.66-0.76). PF, Pl, and anxiety (AX) also strongly correlated with the SRS-22/SRS-30. In general health,
PROMIS PF was strongly correlated with the SF-12 (|r|=0.67), while PROMIS AX and depression (D) correlated with the GAD and
PHQ-8 measures. On average, all individual PROMIS domains required less time to complete (49.6-56 s) compared to ODI (176 s),
NDI (190.3 s), SF-12 (214 s), and SF-36 PCS (99 s). The responsiveness of the PROMIS PF (ES=0.85, SRM=0.88), PIf (ES=1.14,
SRM=0.92), and PB (ES=0.895) was comparable to that of legacy measures ODI (ES=1.02, SRM=1.06), NDI (ES=0.75, SRM=0.96) and
SF-12 (ES=0.675)

Conclusions: PROMIS PF, PIn, PIf and PB demonstrated strong correlations with NDI, mJOA, ODI, SRS, and SF-12 measures in spine
patient populations. Decreased time to completion and comparable responsiveness of PROMIS suggests that these questionnaires
may be used to assess patient-reported outcomes in spine surgery. Various PROMIS domains have demonstrated strong
correlations with disease-specific and global health measures in cervical, lumbar and adult deformity patients. These results
support more widespread use of PROMIS in spine.
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A Prospective, psychometric validation of NIH PROMIS physical function, pain interference and upper extremity CAT in cervical
spine patients: successes and key limitations

Sravisht lyer?, Jayme C.B. Koltsov?, Michael Steinhaus?, Thomas Ross?, Kelsey Young?, Daniel Stein?, Jingyan Yang?, Virginie Lafage?,
Todd J. Albert?, Han Jo Kim?

LHospital for Special Surgery, New York, NY, United States

2Stanford University, Department of Orthopedic Surgery, Palo Alto, CA, United States

Question: Patient-reported outcomes in cervical pathology have substantial limitations. PROMIS offers the potential for improved
psychometric properties with reduced questionnaire burden. The purpose of this study is to validate PROMIS against existing
patient-reported outcomes in patients undergoing cervical spine surgery

Methods: Adult patients undergoing cervical spine surgery at a single institution between 2016-2018 were prospectively enrolled.
Patients completed questionnaires (SF-36, NDI, VAS arm/neck, and PROMIS Pain Interference [PI], Physical Function [PF], and
Upper extremity [UE]) preoperatively and at 6 months postoperatively. Demographic data, diagnosis, and procedural data were
recorded. Validation of the instruments was completed with a Rasch Model as well as measurement of coverage, efficiency, test-
retest reliability, responsiveness, and convergent validity

Results: Of 198 eligible patients, 164 had 6-month follow-up data. Most common diagnoses were radiculopathy (37.6%),
myeloradiculopathy (30.5%), and myelopathy (28.4%). Time to completion was less for PROMIS Pl (39s), PF (47s), and UE (54s),
compared to NDI (117s) and SF-36 PCS (175s). Responsiveness for PROMIS CATs was similar to NDI and SF-36. Test-retest reliability
was lower for PI (ICC:0.68), PF (0.70), and UE (0.59), compared to NDI (0.86) and PCS (0.85). For convergent validity, Pl was strongly
correlated to NDI and PF to SF-36 PCS. There were no significant floor or ceiling effects for the PROMIS domains, although UE had
postoperative clustering a high score (56.4) and Pl had postoperative clustering at a low score (38.7)

Conclusions: PROMIS CATs demonstrate several advantages, including improved efficiency and comparable responsiveness and
convergent validity with legacy instruments. Nevertheless, CATs had lower test-retest reliability and had significant clustering at
higher levels of function for the Pl and UE CATs. These limitations must be considered before broad adoption of CATs in cervical
spine patients
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Correlation between clinical outcomes and quantitatively analyzed spinal cord pulsation in anterior cervical decompression surgery
Yohei Ito?, Hisanori Mihara?, Yasunori Tatara?, Takanori Niimura?, Tatsuhiro Sekiya?, Atsushi Goda?, Yutaka Inaba®

lYokohama City University , Department of Orthopaedics, Kanagawa, Japan

2Yokohama Minami Kyousai Hospital, Spine Center, Kanagawa, Japan

Question: The purposes of this study were to quantitatively evaluate the spinal cord pulsatile motion in ACDF and to compare them
with clinical results.

Methods: Subjects included 29 patients (mean age:72.8 years, 13 female and 16 male) who underwent intraoperative sonographic
evaluation during ACDF for CSM. The mean number of decompressed levels was 2.3 (1-4) and the spinal cord pulsation was
analyzed at the responsible level for myelopathy. As to sonographic assessments, the spinal cord pulsatile motion in antero-
posterior direction (AP pulsation) and in cranio-caudal direction (sliding pulsation) were quantitatively analyzed using two-
dimensional motion measurement software (Move-tr / 2D, Library Co.). In addition, the clinical outcomes were evaluated with the
JOA score, GRT (Grip and Release Test) and TST (Triangle Step Test) scores.

Results: The maximum velocity was 3.46mm/s (AP pulsation) and 6.84mm/s(Sliding pulsation).The maximum amplitude was
0.50mm(AP pulsation) and 1.34mm(Sliding pulsation). The preoperative JOA score was 8.6, the postoperative JOA score was12.9
and the recovery rate of JOA score was 51.8%. The preoperative GRT was 13.9, the postoperative GRT was 21.6 and the recovery
rate of GRT was 51.3%. The preoperative TST was 17.2, the postoperative TST was 23.1 and the recovery rate of TST was 52.1%.
Regarding correlation between the respective clinical results and the cord pulsation, the sliding pulsation showed a positive
correlation with both the postoperative JOA score (with Max Amplitude; r=0.33, P=0.049. with Max velocity; r=0.42, P=0.028.) and
the recovery rate of JOA score (with Max Amplitude; r=0.39, P=0.043. with Max velocity; r=0.47, P=0.016.). On the other hand, the
AP pulsation and the other items did not affect the clinical results.

Conclusions: According to the results of this study, we hypothesize that the physiological motion of the cord might be larger in
cranio-caudal direction rather than that in antero-posterior direction after decompression.

P124

The association between the accuracy of the bony gutter with three-dimensional printed model-assisted surgical planning and
posterior shift of the spinal cord in treating cervical laminoplasty

Gentaro Kumagai', Kanichiro Wada?, Hitoshi Kudo?, Toru Asari?, Yasuyuki Ishibashi®

LHirosaki University Graduate School of Medicine, Orthopaedic Surgery, Hirosaki, Japan

Question: The aim of this study was to evaluate the accuracy of the bony gutter with three-dimensional printed model-assisted
surgical planning and the association between the accuracy of the laminoplasty and the posterior shift of the spinal cord or clinical
results.

Methods: Thirty-five patients treated with cervical laminoplasty for cervical myelopathy. Group A included 20 patients who
received the conventional free-hand technique. Group B included 15 patients who were treated with 3D printer assistance to
decide the position of the bony gutter. The target position of the bony gutter (PBG) was defined on the edge of the medial aspect
of the zygapophyseal joint of the cervical spine to maximize the angle of the opened lamina (AOL). The PBG and the AOL were
measured by CT. The posterior shift of spinal cord (PSSC) was measured by midsagittal MRI images before and 7 days after surgery.
Clinical outcomes were evaluated by the Japanese Orthopaedic Association (JOA) Score, JOA recovery rate and the incidence of
radiculopathy after surgery. We compared the PBG, AOL, PSSC and clinical outcomes between Groups A and B.

Results: The average degree of the PBG was significantly lower in Group B than in Group A at both sides of C4 and at left of C6 level.
The AOL was significantly higher in Group B than in Group A at right side of C4, both sides of C5, left side of C6, and right side of C7
level. Percent of Target PBG was significantly higher in Group B than in Group A at the right side of C4, right side of C5, and left side
of C7. The PSSG was significantly higher in Group B than in Group A at the C4 and C5 level. There were no significantly difference
between Groups A and B in the JOA score and JOA recovery rate. The incidence of radiculopathy was significantly higher in Group B
than in Group A.

Conclusions: 3D printer assistance made the position of the bony gutter more accurate. However, maximizing the spinal canal
increased the posterior shift of the spinal cord and caused radiculopathy.
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Figure 1

Fig. 1 3D printed model-assisted
surgical planning
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Long term success with cervical disc replacement (cTDR) — review of patient reported outcomes

Shreya Srinivas?, Susan Cadman?, Lochran McGonagle?, Clare Morgan?, Michael O'Malley?, lan Shackleford?
1Alder Hey Childrens Hospital NHS Trust, Orthopaedics, Liverpool, United Kingdom

2Warrington and Halton NHS Trust, Orthopaedics, Warrington, United Kingdom

Question: To study patient reported comes at long term follow up in those who underwent cTDR for degenerative disease.

Design : Prospective case series of all consecutive patients who underwent cTDR for cervical degenerative disc disease at a single
institution between 2007-2009.

Methods : Independent assessment of all patients both preoperatively and at 6, 12 ,24 and 105 months after procedure. Outcome
measures were visual analogue score (VAS) for neck and arm pain severity and frequency, Neck Disability Index questionnaire (NDI)
and Centre for Epidemiologic Studies Depression questionnaire (CES-D).

We calculated the survival rate of implants (Kaplan- Meir curve) [end point of reoperation at same or adjacent level] and compared
patient outcomes (paired t test; MedCalc@) .

Results: Of 61 patients (25 men, 47 women, average age 52 years) with cTDR, 47 (73% follow up) were assessed at long term follow
up [average 105 months (8.7 years)]

VAS (mean) for neck pain improved from 6 to 2 at 12 and 24 months and comparable at 105 months (VAS =3) [p<0.006]. Arm pain
(mean VAS) showed periodic improvement 7 to 5 (12 months); VAS 4 (24 months) and significantly better at final review. (VAS = 3)
[p<0.006]

NDIQ (average) improved from 51 to 30 at 12 months, 35 at 24 months and 26 at 105 months (p<0.0001). CES-D scores improved
from 20 to 13 at 12 months, 18 at 24 months and 14 at 105 months (p<0.0001).

There were no adverse events recorded at the time of procedure. There were no revisions performed at the same level, 3 patients
had further adjacent level cTDR (2 at 2 years, 1 at 9 years) and median survival time was 9.6 years (9.2 to 9.9 95% Cl).

Conclusions: Cervical TDR improves pain and function in patients with degenerative disc disease both in the early and long term.
We are able to report a survival time of 9.6 years with the prosthesis used with no revision surgery performed at the same level.

P126

Inserting paravertebral foramen screws (PVFS) as an anchor screw to C6 vertebra is effective in reducing the risk of implant failure
Katsuya Nagashima?, Masao Koda?, Tetsuya Abe!, Kentaro Mataki?, Hiroshi Kumagai?, Kousei Miura?, Hiroshi Noguchi?, Toru
Funayama?, Masashi Yamazaki'

1University of Tsukuba, Department of orthopedic surgery, Tennoudai, Tsukuba, Japan

Question: We reported that the incidence of implant failure of the screws in long-segment posterior cervical fusion surgery (PCF) is
higher especially in the lowest instrumented vertebra (LIV). Paravertebral foramen screw (PVFS) is a novel technique for inserting
screw. It uses a short wide screw with its thread purchasing relatively hard cancellous bone around the lateral border of the
vertebral foramen. We have used it for C6 vertebra which had been often floating vertebra in PCF. The purpose of this study was to
investigate the difference in the incidence of implant failure by inserting PVFS in C6.

Methods: The present study was a retrospective observational study. Of the 47 patients who were performed PCF (fixed range: C2-
7 or C2-T1) and were observed for more than 1 year, 19 patients whom screws were inserted on both sides of C3 to C5 were
included. PVFS was inserted in C6 in eight cases (group P), and in other 11 cases C6 was a floating vertebra (group F). Screw
loosening was defined as 1mm or more radiolucent area around the screw in the radiograph or CT, the incidence of loosening and
breakage of the screw was examined.

Results: Loosening was four out of 90 screws (4.4%) and 22 out of 122 screws (18%) and breakage was one out of 90 screws (1.1%)
and one out of 122 screws (0.8%), in the group P and group F respectively (P = 0.00675). Especially, when T1 was LIV, the incidence
of loosening of the screw was 0% and 15%, and breakage was 0% and 1.4%, in the group P and group F respectively (P = 0.00048).
Conclusions: The incidence of implant failure was reduced by inserting screws on both sides in C6. Increasing the screw density is
presumed to decrease the stress to LIV and reduces the occurrence of implant failure. Inserting PVFS as an anchor screw to C6
vertebra can be effective in reducing the risk of implant failure.
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Cost comparison of inpatient versus outpatient anterior cervical discectomy and fusion at an academic medical center
Michael Safaee?!, Sumedh Shah?, Harsh Wadhwa?, Christopher Ames?, Aaron Clark?

1UCSF, Neurological Surgery, San Francisco, CA, United States

Question: What are the differences in cost among inpatient and outpatient anterior cervical discectomy and fusion (ACDF) at an
academic medical center?

Methods: Retrospective review of ACDF patients at an academic medical center. Outpatient surgery was defined as discharge
within 23 hours.

Results: A total of 210 patients were included (154 inpatient and 56 outpatient). There were no significant differences in age (55 vs.
56 years, p=0.61), female gender (53% vs. 57%, p=0.62), and body mass index (BMI, 29.3 vs. 28.3, p=0.32). There was a higher
proportion of ASA class 2 patients in the outpatient group (79% vs. 64%, p=0.041), but no difference in Charlson comorbidity scores
(2.0 vs. 2.4, p=0.195). There were no significant differences in the number of levels fused with slightly higher rates of three-level
fusion in the outpatient group (27% vs. 16%, p=0.07). Outpatient ACDF was associated with a lower procedure duration (122 vs.
160 minutes, p<0.001) and estimated blood loss (EBL, 38 vs. 78 ml, p<0.001). Within the outpatient cohort, 55% were discharged
the same day and 45% were observed overnight but discharged within 23 hours. The average length of admission for inpatient
ACDF was 2.7 days. Transition to a complete outpatient ACDF protocol was estimated to save 13 hospital admissions per 25
operations. Both total hospital charges ($151,952 vs. $94,269, p<0.001) and total cost (direct + indirect cost, $32,935 vs. $22,041,
p<0.001) were significantly higher for the inpatient group. Rates of readmission (2% vs. 2%, p=0.94) and fusion at 1 year (95% vs.
90%, p=0.371) were not significantly different.

Conclusions: ACDF can be safely performed in the outpatient setting on patients with similar demographic and preoperative risk
stratification metrics. There were no differences in levels fused although outpatient surgery was associated with shorter procedure
time and EBL. Hospital charges and total cost were significantly higher with inpatient surgery. Rates of readmission and fusion at 1
year were no different.

Figure 1

Comparison of inpatient and outpatient ACDF

Variable Inpatient Outpatient Significance
(N=154) (N=56) (p value)
Age (years) 55 56 0.611
Female gender 82 (53%) 32 (57%) 0.616
BMI 29.3 28.3 0.324
ASA classification
1 5 (3%) 0 0.172
2 98 (64%) 44 (79%) 0.041
3 49 (32%) 12 (21%) 0.142
4 2 (1%) 0 0.392
Charlson comorbidity index 20 2.4 0.195
Levels fused
One 57 (37%) 19 (34%) 0.681
Two 69 (45%) 22 (39%) 0.475
Three 24 (16%) 15 (27%) 0.065
Four 4 (2%) 0 0.223
Procedure duration (min) 160 122 <0.001
EBL (ml) 78 ml 38 ml <0.001
Hospital charges $151,952 $94,269 <0.001
Direct cost $20,743 $13171 <0.001
Indirect cost $12,193 $8,871 <0.001
Total cost $32,935 $22,041 <0.001
Readmission 3 (2%) 1(2%) 0.939
Fusion at 12 months 62/65 (95%) 18/20 (90%) 0.371
Follow-up {months) 12 10 0.059
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Predictors of superior recovery kinetics in adult cervical deformity correction: an analysis using a novel area under the curve
methodology

Katherine Pierce?, Peter Passias?, Cole Bortz?, Avery Brown?, Haddy Alas?, Renaud Lafage?, Virginie Lafage?, Douglas Burton3, D. Kojo
Hamilton?, Jeffrey Gum®>, Justin Scheer®,Alan Daniels’, Shay Bess?, Alexandra Soroceanu?®, Eric Klineberg!®, Christopher Shaffrey',
Breton Line®, Frank Schwab?, Justin Smith'!, Christopher Ames'?

INYU Langone Health/NY Spine Institute, Orthopaedic and Neurological Surgery, New York, NY, United States

2Hospital for Special Surgrey, New York, NY, United States

3University of Kansas, Kansas City, KS, United States

4University of Pittsburgh School of Medicine, Department of Neurological Surgery, Pittsburgh, PA, United States

>Norton Leatherman Spine Center, Louisville, KY, United States

University of lllinois at Chicago, Chicago, IL, United States

’Brown University, Providence, RI, United States

8Denver International Spine Center, Denver, CO, United States

SUniversity of Calgary, Calgary, Canada

1OUniversity of California Davis, Davis, CA, United States

IUuniversity of Virginia, Charlottesville, VA, United States

RUniversity of California San Francisco, San Francisco, CA, United States

Question: Identify demographic, surgical, and radiographic factors that predict superior recovery kinetics

Methods: CD patients(C2-C7 Cobb>10°, CL>10°, cSVA>4cm, or CBVA>25°) with BL, 3M, 1Y, 2Y follow-up. Following univariate
analyses, the AUC method for NDI was used by dividing all BL and postop by BL. Normalized scores(y) were plotted against follow-
up interval(x). Area was calculated for all follow-up, divided by cumulative follow-up, determining overall, time-adjusted HRQL
recovery[IHS]. IHS NDI scores were stratified by quartile, the uppermost 25% were categorized as having SRK vs. "Normal" Recovery
Kinetics(NRK). BL factors were used to predict SRK using generalized linear modeling

Results: 51 patients included(61.5yrs, 27.9kg/m2, 66%F). Surgical approach: combined(39%), posterior(35%), anterior(26%). Mean
CCl:0.89, EL: 916ccs, op time:523min. Relative to BL NDI scores(Mean:48.5), normalized postop NDI disability decreased at
3M(0.93, p=0.295) and further at 1Y(0.77, p<0.001) and 2Y(0.69, p<0.001). Normalized NDI scores showed patient improvement
from BL to 2Y(p<0.001). NDI IHS scores correlated with BL PT(p=0.004), PI-LL(p=0.031), and T1-FH-S1(p=0.024). After grouping by
quartile, patients with greater BMI(SRK: 31, NRK: 26.9kg/m2;p=0.042), BL PT(SRK:24.1°, NRK: 15.9°,p=0.036), PI-LL(SRK:10°, NRK:-
3.4°, p=0.050), anterior approach(SRK: 58.3%, NRK 15.4%; , p=0.002), and less levels fused(SRK: 5.1, NRK: 8; p=0.010) correlated
with SRK. 51% of patients met MCID for NDI(<A-15) and 58.8% met SCB(<A-10); 100% of SRK met MCID and SCB. The final
predictive model for SRK included(AUC=88.1%): BL VAS EQ5D score, BL swallow sleep score, BL PT, BL mJOA score, BL T4-T12, BL
T10-T12, BLT12-S1 and BL L1-S1

Conclusions: Superior recovery kinetics following cervical deformity surgery was predicted with high accuracy. Patients and
healthcare providers should be aware of predictive factors, including BL HRQLS (VAS EQ5D, swallow sleep, and mJOA scores), and
BL parameters(TK, T10-T12, T12-S1, L1-S1)
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