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Significance of Vertebral Body Sliding
Osteotomy as a Surgical Strategy for the
Treatment of Cervical Ossification of the
Posterior Longitudinal Ligament

Sehan Park', Dong-Ho Lee?, Jae Hwan Cho?,
Chang-Ju Hwang’, Choon-Sung Lee?

'Dongguk University Ilsan Hospital, Goyang, Korea
*Asan Medical Center, Seoul, Korea

Study Design: Retrospective study.

Overview of Literature: Vertebral body sliding osteotomy
(VBSO) was previously reported as a technique to de-
compress ossification of posterior longitudinal ligament
(OPLL) by translating the vertebral body anteriorly. How-
ever, little is known about its clinical efficacy compared to
laminoplasty (LMP) and its significant in surgical strategy
for treatment of cervical myelopathy caused by OPLL.
Purpose: Therefore, this study aimed to evaluate the ra-
diological and clinical efficacies of VBSO versus LMP for
treating myelopathy caused by OPLL.

Methods: Medical records and radiographic data of 97 pa-
tients with symptomatic OPLL-induced cervical myelopa-
thy treated with VBSO or LMP (between 2012 and 2017)
with follow-up for more than 2 years were retrospectively
reviewed. Results from 40 patients who underwent VBSO
(VBSO group) for the treatment of OPLL-induced my-
elopathy were compared with 57 patients who underwent
LMP (LMP group). Graft migration or dislodgement
was not observed in the VBSO group. One patient in the
VBSO group suffered a dural tear (2.5%, 1/40), and three
pseudarthrosis was detected (7.5%, 3/40).

Results: Cervical lordosis significantly increased in the
VBSO group postoperatively (p<0.01) but decreased in the
LMP group (p<0.01). Cervical lordosis was significantly

higher in the VBSO group at 12 months postoperatively
(p<0.01) and at the final follow-up (p<0.01). The mini-
mum interval of the spinal cord increased significantly
only in the VBSO group and was significantly greater than
that of the LMP group postoperatively (p<0.01). All pa-
tients in the VBSO group assessed as mK-line (-) preoper-
atively were assessed as mK-line (+) postoperatively. Final
Japanese Orthopaedic Association (JOA) score (15.1+1.8
vs. 13.8+1.9, p=0.02) and JOA score improvement (1.7+1.8
vs. 0.9+1.3, p=0.01) were significantly higher in the VBSO
group. Furthermore, JOA recovery ratio (45.1£38.4 vs.
27.4+35.7, p=0.03) and proportion of patients with a re-
covery rate >50% was significantly higher in the VBSO
group (p<0.01). An mK-line status change from (-) to
(+) was significantly associated with a JOA recovery rate
>50% (p<0.01).

Conclusions: The impacts of VBSO versus LMP included
the following: (1) effectively restoring lordosis; (2) induc-
ing mK-line positivity; and (3) facilitating better neu-
rologic recovery. VBSO also demonstrated a low rate of
complications. Therefore, VBSO can be included as a sur-
gical strategy for treating OPLL-induced myelopathy that
is safe and effective both for sagittal alignment restoration
and neurologic recovery.

PS-BP-2

Comparison of the Clinical and Radiographic
Results between Cervical Artificial Disc
Replacement and Anterior Cervical Fusion:
10-Year Follow- up Study

Kai Yan, Chi Ma, Xiao Han, Da He, Wei Tian
Department of Spine Surgery, Beijing Jishuitan Hospital, Beijing, China

Purpose: To compare the long-term clinical and radio-
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graphic results of cervical artificial disc replacement
(CADR) and anterior cervical discectomy and fusion
(ACDF), and to provide our evidence whether CADR
could reduce adjacent segment degeneration.

Methods: One hundred and ninety patients with degen-
erative cervical spondylosis who underwent surgical treat-
ment (Bryan CADR group 110 patients, ACDF group 80
patients) were enrolled during December 2003 to Decem-
ber 2007. The Japanese Orthopaedic Association scores,
Neck Disability Index (NDI), and the Odom’s score were
used to evaluate the clinical efficacy. Cervical radiographs,
computed tomography, and magnetic resonance imaging
were used to evaluate sagittal curvature, range of motion
(ROM), and adjacent segment degeneration.

Results: For final follow-up, the follow-up rate of the
CADR group was 80.9%, average age was 46.5 years, av-
erage follow-up time was 127 months, 74 (83.1%) were
1-level cases, and 15(16.9%) were bi-level cases. A total
of 73.8% of ACDF patients completed the final follow-
up with an average age of 52.1 years. The average follow-
up time was 124 months. There were 39 patients (66.1%)
with 1-level cases and 20 patients (33.9%) with bi-level
cases. Compared with preoperative, both groups were sat-
isfied with the clinical efficacy. One-level cases of CADR
group NDI scores were significantly better than ACDF
group, and reoperation rate was significantly lower than
ACDF group. No statistical differences were found in
other clinical scores. Both groups have maintained a good
sagittal cervical curvature. The mean ROM of index level
of CADR group is 8.5°, and ACDF index levels were 100%
fused. The ROM of adjacent segments and C2-7 in CADR
group was significantly better than that of the ACDF
group. Cervical degeneration score (CDS) of the adjacent
segments and Miyazaki grade of the intervertebral disc
were degenerated postoperatively. The adjacent segment
degeneration incidence of one-level cases in CADR group
(upper level 31.1%, lower level 28.4%) was significantly
lower than ACDF group (upper level 56.4%, lower level
76.9%). The lower-level adjacent segment incidence of
CDS and Miyazaki grade in bi-level cases of ACDF group
were significantly higher than those in CADR group.
Conclusions: At 10-year follow-up, both Bryan CADR and
ACDF patients were obtained excellent clinical outcomes.
Compared with ACDF, CADR had maintained a bet-
ter cervical curvature and ROM, slowing the progress of
adjacent segment degeneration, in which one-level cases
better than bi-level patients.
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Deep Learning Pipeline for Automated
Detection and Classification of Central Canal,
Lateral Recess and Neural Foraminal Stenosis
on Lumbar Spine Magnetic Resonance Imaging
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Study Design: Retrospective study.

Overview of Literature: Assessment of lumbar spinal ste-
nosis on magnetic resonance imaging (MRI) is repetitive
and time-consuming. Deep learning could improve the
productivity and consistency of reporting.

Purpose: To develop a deep learning pipeline (DLP) for
automated detection and classification of lumbar central
canal, lateral recess, and neural foraminal stenosis.
Methods: Retrospective extraction of MRI lumbar spines
was done from September 1, 2015 to September 1, 2018.
Five hundred studies were randomly selected with in-
strumentation or severe scoliosis excluded. Four hundred
and forty-six studies were analyzed, encompassing 12,403
axial T2-weighted and 6,161 sagittal T1-weighted images.
The training/testing split was 89/11%. Training data were
labelled by four board-certified radiologists using pre-de-
fined gradings (normal/mild/moderate/severe). A two-step
DLP was developed. First, a convolutional neural network
(CNN) was trained to detect the region of interest (ROI),
followed by a second CNN for ROI classification. A held-
out test set of 50 spines were labelled by a musculoskeletal
radiologist with 31-year experience (reference standard),
and subspecialist neuro (radl) and musculoskeletal (rad2)
radiologists with 5- and 9-year experience, respectively.
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DLP performance on an external dataset of 100 spines was
also evaluated. Detection recall (%), inter-rater agreement
(Gwet’s kappa), and sensitivity/specificity/positive predic-
tive value/negative predictive value (NPV) were calculated.
Results: DLP ROI detection recall ranged from 99.7%-
99.9%, 95.2%-99.3%, and 84.5%-96.2% for central canal,
lateral recesses, and neural foramina, respectively, which
were comparable with subspecialist radiologists (range,
83.9%-99.9%). On the internal dataset, dichotomous
DLP classification (normal/mild versus moderate/severe)
showed almost-perfect agreement for radl, rad2 and the
average DLP with kappa of 0.98/0.98/0.96 for central ca-
nal, 0.92/0.95/0.92 for lateral recesses, and 0.94/0.95/0.89
for neural foramina, respectively (p<0.001). For external
testing, almost-perfect agreement for the average DLP
was seen for dichotomous classification of all ROIs (range,
0.95-0.96). The DLP demonstrated high specificity
(91.9%-97.9%) and NPV (96.3%-99.7%) for dichotomous
classification of all ROIs.

Conclusions: The DLP showed comparable agreement to
subspecialist radiologists for detection and classification
of central canal and lateral recess stenosis, with slightly re-
duced agreement for neural foraminal stenosis on lumbar
spine MRL
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Prediction of Final Outcome after Posterior
Correction with Lower Instrumented Vertebra
L3 or L4 for the Correction of Structural
Thoracolumbar/Lumbar Curve-Minimum
5-Year Follow-up
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Purpose: It is questionable to predict postoperative curve
magnitude and balance in standing position while per-
forming intraoperative correction during scoliosis surgery,
especially coronal alignment below lower instrumented
vertebra (LIV). The purpose of this study was to evaluate
the efficacy of intraoperative radiography for the predic-

tion of standing radiography in patients with structural
thoracolumbar/lumbar curve (TL/L).

Methods: Patients with idiopathic scoliosis who had un-
dergone the posterior correction and fusion for the struc-
tural TL/L curve and followed more than 5 years were re-
cruited. Eighty-three patients were included and the mean
age was 16 years 6 months. LIV was L3 in 46 patients and
L4 in 35 patients. Preoperative, intraoperative, postopera-
tive, and final follow-up radiographs were used for the
evaluation.

Results: At final follow-up, TL/L curve Cobb’ angle, disc
wedge angle below LIV, and vertebral body tilt below
LIV were significantly improved in both groups. In LIV
L3 group, however, disc wedge angle below LIV was not
improved postoperatively and disc wedge angle at final
follow-up was increased compared with postoperative val-
ue. In the intraoperative prone radiography, TL/L curve
Cobb’s angle and vertebral body tilt below LIV were sig-
nificantly correlated to the postoperative and final follow-
up evaluation in both groups, but disc wedge angle below
LIV showed a significant correlation only to the value at
final follow-up in LIV L3 group (r=0.322, p=0.018).
Conclusions: TL/L Cobb angle and vertebral body tilt
below LIV in the intraoperative prone radiography was
highly correlated to the standing radiography at postop-
eration and final follow-up. Disc wedge angle below LIV
was not correlated to the postoperative standing radiogra-
phy. However, the increased final disc wedge angle below
LIV may be predicted by prone radiography if the LIV
was L3.

PS-BP-6

Better Patient Experience Improves Outcomes
in Pediatric Patients with Scoliosis

Yi Ling Chua

Department of Orthopaedics, KK Women and Children’s Hospital, Singapore

Purpose: To investigate if there is a relationship between
the experience of patients with adolescent idiopathic sco-
liosis (AIS) and their outcomes from self-reported ques-
tionnaires.

Methods: This study was carried out in a tertiary children’s
hospital with a one-stop facility for pediatric scoliosis. Be-
tween April and August 2020, patients with AIS were ad-
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ministered the refined Scoliosis Research Society 22-item
(SRS22r) and EuroQol five-dimensional (EQ-5D) ques-
tionnaires (patient-reported outcome measures, PROMs)
and the National Research Corporation (NRC) outpatient
questionnaire for pediatric patients (patient-reported
experience measures, PREMs). The SRS22r questionnaire
evaluated function, pain, self-image, mental health, and
management satisfaction. The EQ-5D contained five ques-
tions on function, pain, and mood. The NRC outpatient
questionnaire evaluated patient experience and interac-
tion with healthcare staff during outpatient follow-up.
Postoperative patients and those awaiting surgery were
excluded. Bivariate Pearson correlation was utilized for
testing relationships between PREMs and PROMs.
Results: Three hundred completed surveys were ana-
lyzed. One hundred and fifty-five patients (51.7%) with
an average Cobb angle of 21° were managed by observa-
tion, while the remaining 145 (48.3%) with an average
Cobb angle of 33° were managed by bracing (per SRS
criteria). There were more females in the observation
and bracing groups (p=0.0012) but no statistical differ-
ence in age. Compared with the observation group, the
brace group had significantly poorer function (4.5+0.52
vs. 4.3£0.58), self-image (3.6£0.57 vs. 3.4+0.57), and to-
tal SRS-22r scores (4.1+0.38 vs. 4.0£0.42) (p=0.001 for
all). Both groups had similar pain (4.6+0.46 vs. 4.6+0.47,
p=0.104), mental health (3.9+0.68 vs. 3.8+0.72, p=0.118),
and distribution of EQ-5D values. In the brace group, self-
image correlated significantly with how well the care team
worked with the patient, whether they interacted with the
patient in an age-appropriate manner, if the patient was
given a say in her care, and whether her privacy was re-
spected during the clinic visit (r=0.35, p<0.001). There is
correlation between the patient’s perception that privacy
was ensured by various healthcare staff during the visit
and their overall SRS-22r scores (r=0.32, p<0.001). There
was no relationship between PREMs and PROMs in the
observation group.

Conclusions: In pediatric patients with AIS on brace treat-
ment, their self-image is influenced by a care team who
communicates in an age-appropriate manner, involves her
in the management plan, and respects her privacy. In the
observation group, there was no demonstrable relation-
ship between PREMs and PROMs. Greater attention and
focus to particular aspects of the clinical encounter as
outlined above may improve patient-reported outcomes
in AIS.

PS-BP-7

Clarifying the Therapeutic Effect of Grafted
Human-Induced Pluripotent Stem Cell-
Derived Neurons in Spinal Cord Injury by
Chemically Controlling Neuronal Activity

Takahiro Kitagawa', Narihito Nagoshi', Yasuhiro Kamata',
Morio Matsumoto', Hideyuki Okano?, Masaya Nakamura'

'Department of Orthopedic Surgery, Keio University, Tokyo, Japan
*Department of Physiology, Keio University, Tokyo, Japan

Purpose: The therapeutic effect of human-induced plu-
ripotent stem cell-derived neural stem/progenitor cells
(hiPSC-NS/PCs) transplantation to the subacute phase
of spinal cord injury (SCI) animals has been previously
reported, yet the mechanism of recovery has not been
elucidated. Clarifying the therapeutic effect of engrafted
cells indicates the necessity of NS/PCs transplantation and
could directly link to a further improvement of this ther-
apy. The purpose of the present study was to evaluate the
contribution of grafted neuronal function to the recovery
of host locomotor activity.

Methods: To determine the functional effect of grafted
neuron activity, transplanting NS/PCs were genetically
modified by lentiviral vectors. First, NS/PCs coding TRE-
GFP-2A-WGA/EF1-rtTA (WGA-NS/PCs), which express
a trans-synaptic tracer wheat germ agglutinin (WGA) in
control of doxycycline administration, was transplanted
to Th10 contusion injury model of mice. Ten weeks after
transplantation, the spreading of WGA in the spinal cord
section was immunohistologically assessed to evaluate the
synaptic formation of the grafted neurons. Second, NS/
PCs coding hSyn-hM4Di-mCherry (hM4Di-NS/PCs),
which express a chemogenetically-engineered receptor
that permits temporal inhibition by synthetic ligand clo-
zapine N-oxide (CNO), and NS/PCs coding hSyn-mCher-
ry (mCherry-NS/PCs), as a control, were transplanted
to SCI mice. CNO administration assay, evaluating the
change of Basso Mouse Scale (BMS) score and treadmill
gait analysis before and after CNO administration, was
performed 10 weeks after transplantation.

Results: Immunohistological analysis of WGA-NS/PCs
transplanted mice revealed a trans-synaptic migration of
WGA to host neurons. WGA migrated not only to the
neurons nearby the graft cells but also to the motor neu-
rons in the caudal site; suggesting the integration of graft
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neurons to the host motor circuits. By CNO administra-
tion assay of hM4Di-NS/PCs and mCherry-NS/PCs trans-
planted mice, BMS score (pre-CNO=3.3, post-CNO=3.1;
p=0.021) and parameters of treadmill gait analysis (stride
length: pre-CNO=4.0 cm, post-CNO=3.5 cm; p=0.003;
paw angle: pre-CNO=22.7°, post-CNO=31.0% p=0.027)
has significantly deteriorated in hM4Di-NS/PCs trans-
planted mice. These results suggest that inhibiting the
neuronal function of grafted neurons guide to a relapse of
functional disorder by SCL

Conclusions: Grafted neurons derived from hiPSC-NS/
PCs transplanted to SCI animals integrate to host neural
circuit and contribute to the functional recovery of host
animals.

PS-BP-8

Long-Term Selective Stimulation of Transplanted
Neural Stem/Progenitor Cells for Spinal
Cord Injury Improves Locomotor Function
Mediated by Increased Synaptic Transmission

Momotaro Kawai'? Narihito Nagoshi', Kent Imaizumi?,
Mitsuru Ishikawa?, Munehisa Shinozaki?,

Shinsuke Shibata®*, Yusuke Saijo'?, Yu Suematsu'?,
Takayuki Nishijima'?, Takashi Yoshida*?,

Takahiro Shibata"?, Shogo Hashimoto'?,

Takahiro Kitagawa'?, Kentaro Ago"?, Keita Kajikawa'?,
Reo Shibata'?, Yasuhiro Kamata'?, Morio Matsumoto’,
Hideyuki Okano? Masaya Nakamura'

'Department of Orthopaedic Surgery, Keio University School of Medicine,
Tokyo, Japan

*Department of Physiology, Keio University School of Medicine, Tokyo, Japan
*Department of Rehabilitation Medicine, Keio University School of Medicine,
Tokyo, Japan

“Division of Microscopic Anatomy, Graduate School of Medical and Dental
Sciences, Niigata University, Niigata, Japan

Purpose: It has been reported that transplantation of
human-induced pluripotent stem cell-derived neural
stem/progenitor cells (hiPSC-NS/PCs) is effective for
functional recovery after spinal cord injury (SCI) and that
the efficacy of hiPSC-NS/PCs transplantation is highly de-
pendent on the host spinal cord environment. Meanwhile,
the damaged spinal cord tissue is known to be modified
by interventions for neural circuits, such as rehabilita-
tions and electrical stimulations. We hypothesized that
selective stimulation of transplanted hiPSC-NS/PCs after

SCI can enhance motor function recovery by intensify-
ing interaction between the transplanted hiPSC-NS/PCs
and the damaged tissue, and improving the host environ-
ment. Therefore, the present study aims to investigate the
effect of long-term repetitive and selective stimulation of
transplanted hiPSC-NS/PCs on the surrounding damaged
spinal cord tissue.

Methods: For selective stimulation of transplanted cells,
we used hM3Dq, which is one of the Designer Receptors
Exclusively Activated by Designer Drugs. First, hM3Dq
was lentivirally transfected to hiPSC-NS/PCs. These hM-
3Dq-hiPSC-NS/PC-induced neural cells (hM3Dgq-neural-
cells) were treated with clozapine N-oxide (CNO), and the
intracellular response was investigated by RNA sequence
and Fluo-8 intracellular calcium indicator. Second, the
extracellular response from CNO administered hM3Dqg-
neural-cells to neighboring neurons was recorded utiliz-
ing GCaMP calcium indicator. Next, contusive SCI was
induced in NOD-SCID mice, and the hM3Dq-hiPSC-NS/
PCs were transplanted into the lesion epicenter 9-day after
SCI. After transplantation, CNO was intraperitoneally in-
jected every day for the transplantation-CNO group and
phosphate-buffered saline was intraperitoneally injected
for the control group. mRNA sequence, protein quantifi-
cation by capillary electrophoresis, and histological analy-
ses were performed on days 14 and 42 after SCI. Motor
function was assessed by the Basso Mouse Scale (BMS)
score, Rota-rod test, DigiGait analysis, and kinematics.
Results: RNA sequence revealed that CNO-administered
hM3Dq-neural-cells expressed activity-related genes. Be-
sides, CNO-administered hM3Dq-neural-cells enhanced
their intracellular calcium concentration and activated
neighboring GCaMP-positive neurons in vitro. Expres-
sions of synapse-related genes and proteins were enhanced
on day 14 after SCI in the transplantation-CNO group. On
day 42, axial spinal cord areas of the transplantation-CNO
group were larger. Graft-to-host synapse formation was
detected in immunoelectron microscopic examination.
Consequently, motor functions significantly improved in
the transplantation-CNO group, which was assessed by the
BMS score, Rotarod test, DigiGait analysis, and kinematics.
Conclusions: Long-term repetitive and selective stimulation
of transplanted hiPSC-NS/PCs enhanced synaptic transmis-
sion, increased synapse-related gene and protein expres-
sions, preserved host spinal cord tissue, and improved motor
functions. Selective stimulation after cell transplantation can
be an effective adjuvant therapy for SCL
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Novel Biomarkers of Health and Degeneration
in Human Intervertebral Discs: In-Depth
Proteomic Analysis of Collagen Framework
of Fetal, Healthy, Scoliotic, Degenerate and
Herniated Discs

Dilip Chand Raja Soundararajan', Sharon Miracle Nayagam?,
Sri Vijayanand Ks'"?, Raveendran Muthurajan’,

Sunmathi R?, Chitraa Tangavel’, Ajoy Prasad Shetty’,

Rishi Mugesh Kanna', Rajasekaran Shanmuganathan'
'Department of Spine Surgery, Ganga Hospital, Coimbatore, India

*Department of proteomics, Ganga Research Centre, Coimbatore, India
*Tamilnadu Agricultural University, Coimbatore, India

Purpose: Alterations in the collagen (COL) composition
have been co-related to degenerative disc disease. Though
28 different types of COLs are present in humans, most
of the literature is focused only on COL-1 and COL-2.
The current study aimed to analyze the entire COL com-
position of human intervertebral disc (IVD) across fetal
(developmental phenotype), normal (healthy phenotype),
scoliotic (early degeneration), herniated (degenerate phe-
notype), and degenerated (degenerate phenotype) IVDs
using high-end proteomic technology.

Methods: Nucleus pulposus (NP) tissues were segregated
from IVDs harvested from five different disc phenotypes.
The fetal spine procured from specimens following medi-
cal termination of pregnancy underwent microscopic
dissection for harvesting NP under sterile conditions.
Excised NP tissues were washed with phosphate buffer
solution and snap-frozen in liquid nitrogen (LN2, -196°C)
immediately before subjecting to proteomic analysis.
Results: Tandem mass spectrometric analysis revealed a
total of 1,050 proteins in fetal discs (FD); 1,809 in ND;
1,487 in segment degeneration (SD); 1,859 in disc hernia-
tion (DH); and 1,538 in disc degeneration (DD) group.
Since the COLs are the principal constituent of the extra-
cellular matrix, they were screened selectively. Out of 28
major types of COLs reported in the human body, this
study identified 24 different types of COL with 34 sub-
types in NP of the study samples. FD expressed 14 differ-
ent major types of COL, compared to 10 (ND), 11 (SD),
15 (DH), and 19 in DD groups. COLs types 1, 2, 6, 11, and
14 were found in all the groups along with their sub-types.
COL type 22 was found only in FD group whereas type
15, 25, 26, and 27 were found only in DD group. Amongst

the fibril forming COLs, the abundance of COL-1 and 11
were highest amongst FD representing their role in devel-
opment of NP. In addition, COL-24 was highly abundant
in normal discs indicating their role in homeostasis. Of
notable importance was the higher expression of COL-7
(anchoring-fibril forming), COL-10 (network forming),
and Col-15 (Multiplexin) in normal discs.

Conclusions: The selective proteomic analysis of COL
composition in this study has revealed novel molecular
targets for further exploration on its regenerative po-
tential. Apart from COL-1 and COL-2, other important
COLs (6,7,10, and 15) required for homeostasis were
identified. More importantly, COLs abundantly expressed
in fetal phenotype (COL-1, 6, 9, 12, and 14) could be ex-
plored for regenerative potential.

PS-FP-1-2

Fusion and Subsidence Rates of Vertebral Body
Sliding Osteotomy: Comparison of Three
Reconstructive Techniques for Multilevel
Cervical Myelopathy

Sehan Park', Dong-Ho Lee?, Jae Hwan Cho?,
Chang Ju Hwang?, Choon Sung Lee?

'Dongguk University Ilsan Hospital, Goyang, Korea
?Asan Medical Center, Seoul, Korea

Purpose: Vertebral body sliding osteotomy (VBSO) was pre-
viously reported as a technique to decompress spinal canal
by translating the vertebral body anteriorly and is indicated
for cervical myelopathy caused by spondylosis or ossifica-
tion of the posterior longitudinal ligament. However, little is
known about its fusion and subsidence rates. The study was
conducted to compare the fusion and subsidence rates of
VBSO, anterior cervical discectomy and fusion (ACDF), and
anterior cervical corpectomy and fusion (ACCF).

Methods: One hundred and sixty-eight patients who
underwent VBSO, ACDE, or ACCEF for the treatment of
cervical myelopathy and were followed-up for more than
2 years were retrospectively reviewed. Fusion and sub-
sidence rates, Visual Analog Scale (VAS) scores for neck
pain, Neck Disability Index (NDI), and Japanese Ortho-
paedic Association (JOA) scores were assessed. Results of
the VBSO, ACDE, and ACCF groups were compared.
Results: The fusion rate at 1-year postoperatively and the
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final follow-up for VBSO was 92.9% (37/42). VBSO dem-
onstrated a higher 1-year fusion rate than ACDF (77.9%
[74/95], p=0.04) and ACCF (74.2% [23/31], p=0.04). The
mean amount of subsidence (ACDF group, 1.5+1.2 mm;
VBSO group, 1.5+1.5 mm; p=1.00) and rate of significant
subsidence of >3 mm (ACDF group, 13.7% [13/95]; VBSO
group, 14.3% [6/42]; p=1.00) were similar for ACDF and
VBSO. Furthermore, the mean amount of subsidence in
VBSO was significantly less than that in ACCF (1.5+1.5 mm
vs. 2.4+2.0 mm, p=0.04). Neck pain VAS, NDI, and JOA
scores were not significantly different among the groups.
Conclusions: VBSO demonstrated a higher solid fusion
rate at 1-year follow-up than ACDF and ACCF and less
subsidence than ACCF. VBSO could be applied safely
when the shape/location of the pathologic foci and sagittal
alignment favor its application without much concern for
pseudarthrosis or subsidence.

PS-FP-1-5

What is the Risk of Cervical Deformity after
Posterior Cervical Decompression Surgery?: A
Multicenter Study

Shin Oe'?, Kenta Kurosu**, Tomohiko Hasegawa®*,
Satoshi Shimizu’, Go Yoshida®’, Tomotada Fujita®,
Sho Kobayashi’, Tomohiro Yamada®'°, Koichiro Ide>5,
Keiichi Nakai*'!,Kumiko Yotsuya®®, Yu Yamato',
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Yukihiro Matsuyama®
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Purpose: Posterior decompression surgery (such as lami-

noplasty) for cervical spondylotic myelopathy (CSM) and
ossification of the posterior longitudinal ligament (OPLL)
has been a common surgery; however, it can cause iatro-
genic kyphosis and cervical deformity (CD). The purpose
of this study was to investigate the risk factors for CD after
posterior cervical decompression surgery.

Methods: The participants were 193 patients who under-
went cervical posterior laminoplasty or laminectomy at
our hospital or satellite hospital for CSM or OPLL be-
tween 2010 and 2019. CD was defined as a C2-7 sagittal
vertical axis (SVA) 240 mm or a cervical lordosis angle
(CL) <-10° on a standing radiograph. The participants
were divided into two groups: no cervical deformity
(NCD; patients without CD before surgery) and CD (pa-
tients with CD before surgery). NCD group was divided
based on the presence of CD as follows: iatrogenic CD
(ICD) and no ICD (NICD).

Results: There were 153 patients in the NCD group, 40
in the CD group, 126 patients in NICD, and 27 in the
ICD group. CD was still found in 34 patients (85%) in
the CD group 1 year after surgery. The revision rate was
significantly higher in CD group (5%) compared to NCD
group (p=0.042). There was significant difference in the
number of decompressed lamina (NICD:ICD=4.1:4.5),
the presence of C2 decompression (2, 11%), and C5 palsy
(0, 11%). The risk factors for CD, ICD, and CL <-10° 1
year after surgery as assessed by multiple logistic regres-
sion analysis were preoperative C2-7 SVA 230 mm (odds
ratio [OR], 19.0; 95% confidence interval [CI], 8.5-42.4),
decompression of C2 or C7 lamina (OR, 3.1; 95% CI,
1.2-8.0), and preoperative CL <2° (OR, 42.0; 95% CI,
8.3-211.0), respectively.

Conclusions: To prevent postoperative CD, it is important
to avoid decompression of the C2 or C7 lamina as much
as possible. Moreover, in cases with CD, C2-7 SVA 230
mm or CL <2° before surgery, it is important to explain
the risks and consider to add fusion surgery.
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The Effect of Using Lamina Spacer on
Postoperative Cervical Alignment and Range
of Motion in Double-Door Laminoplasty

Akinobu Matsushita, Kenichi Kawaguchi, Hirokazu Saiwai,
Keiichiro lida, Yasuharu Nakashima

Department of Orthopaedic Surgery, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan

Purpose: The purpose of this study is to examine the ef-
fects of the use of lamina spacers on postoperative cervi-
cal spine alignment and range of motion in double-door
laminoplasty.

Methods: One hundred thirty-five consecutive patients
with cervical spondylotic myelopathy (91 males and 44 fe-
males; mean age, 69.7 years) who underwent double-door
laminoplasty were enrolled. Sixty-seven patients were
used the lamina spacer (Kurokawa’s method) (S group),
and 68 patients were not used the lamina spacer (Kirita-
Miyazaki’s method) (N group). The follow-up period was
12 months. All patients were allowed to sit up and walk
on the second postoperative day using an orthosis, which
was removed within the first 10 days. Cervical range of
motion (ROM) exercises were performed as a part of
the rehabilitation schedule. Radiography was performed
before surgery and 12 months after the operation. Cervi-
cal alignment in the neutral and flexion-extension view
were measured by the Cobb method at C2-C7. The ROM
was assessed by measuring the difference in alignment
between flexion and extension. In addition, Japanese Or-
thopaedic Association (JOA) score before and 12 months
after surgery and improvement rate of JOA score were
examined for clinical evaluation.

Results: There were no significant differences between the
two groups in age, sex, and number of operated lamina
at the time of surgery. The mean C2-C7 alignment in the
neutral position was 15.8° lordotic in the S group and
12.3° lordotic in the N group preoperatively, and was 11.1°
lordotic in the S group and 7.4° lordotic in the NS group
at 12 months after the operation. There was no significant
difference between preoperative and postoperative C2-
C7 alignment between the two groups. The mean ROM
decreased from a preoperative value of 38.9° to 28.3° at
12 months after the operation in the S group, and 38.3° to
33.4° in the N group. A significant decrease was observed

in the S group. The JOA score improved from 9.21 before
surgery to 13.2 after surgery in the S group, and from 9.7
to 13.4 in the N group. There was no difference between
the two groups.

Conclusions: In double-door laminoplasty, the use of
lamina spacers did not differ in postoperative cervical
sagittal alignment and clinical outcome. However, it was
suggested that the use of the lamina spacer reduces the
postoperative cervical ROM.

PS-FP-1-7

K-line (-) in the Neck-Flexed Position Negatively
Affects Surgical Outcome of Expansive Open-
Door Laminoplasty for Cervical Spondylotic
Myelopathy

Satoshi Nori, Narihito Nagoshi, Satoshi Suzuki,
Osahiko Tsuji, Eijiro Okada, Mitsuru Yagi,
Masaya Nakamura, Morio Matsumoto, Kota Watanabe

Department of Orthopaedic Surgery, Keio University School of Medicine,
Tokyo, Japan

Purpose: The K-line in the neck-flexed position (FK-
line) on radiography reflects dynamic factors and cervical
alignment. Although the FK-line has been reported to af-
fect the neurological recovery after muscle-preserving se-
lective laminectomy for cervical spondylotic myelopathy
(CSM), its influence on surgical outcomes after expansive
open-door laminoplasty (ELAP) has not been investi-
gated. The current study aimed to investigate the associa-
tion between the FK-line and the radiological and surgical
outcomes after ELAP. The influence of the FK-line on the
surgical outcomes after ELAP was analyzed with a multi-
variate analysis.

Methods: We reviewed the surgical outcomes in 81 pa-
tients with multilevel CSM who underwent C4-C6 ELAP
combined with C3 and C7 partial laminectomy using
a laminoplasty plate and were followed up for at least 2
years. We defined the FK-line (-) as some portion of a
bony spur or the vertebral body crossing the FK-line,
whereas the FK-line (+) was defined as that never cross-
ing the FK-line. Patients were divided into the FK-line (+)
(n=61) and FK-line (-) groups (n=20), and the surgical
outcomes were compared between the group. A multi-
variate analysis was performed to identify the factors that
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influenced the neurological outcomes.

Results: The FK-line (-) group had a smaller C2-C7
angle (preoperatively, p=0.001; postoperatively, p<0.001),
smaller C7 slope (preoperatively, p<0.001; postopera-
tively, p=0.001) greater postoperative increase in the C2-
C7 sagittal vertical axis (p=0.001), greater kyphosis in
cervical flexion (preoperatively, p<0.001; postoperatively,
p<0.001) and less lordosis in cervical extension (preopera-
tively, p=0.004; postoperatively, p=0.005), and higher in-
cidence of postoperative residual spinal cord compression
(p=0.017). The preoperative to postoperative changes in
the Japanese Orthopedic Association (JOA) score (1.1+0.7
vs. 2.5£1.7, p<0.001) and JOA score recovery rate (RR)
(24.9+14.3 vs. 52.3+27.5, p<0.001) were lower in the FK-
line (—) group. The multiple linear regression analysis re-
vealed that the FK-line (=) (p=-0.327, p=0.011) and high
signal intensity (SI) changes on T2-weighted imaging (WI)
combined with the low SI changes on T1-WT in the spi-
nal cord (p=-0.320, p=0.013) negatively affected the JOA
score RR.

Conclusions: The FK-line (-) negatively affected the sur-
gical outcomes after ELAP in the patients with CSM. The
FK-line can be used for patients with CSM as a useful in-
dicator of surgical outcomes after ELAP.

PS-FP-1-8

Preoperative Severity of Spinal Cord Compression
and Its Restoration during the Early
Postoperative Period Affect the Development

of CS Palsy

Masahiro Mizutani, Takashi Fujishiro, Takuya Obo,
Atsushi Nakano, Yoshiharu Nakaya, Sachio Hayama,
Yoshitada Usami, Masashi Neo

Osaka Medical College, Takatsuki, Japan

Purpose: C5 palsy (C5P) is a known complication of cer-
vical decompression surgery. The tethering effect of the
C5 nerve root following the posterior shift of the spinal
cord is the most accepted pathologic mechanism; how-
ever, this mechanism cannot fully explain C5P by itself in
clinical practice. Separately, some studies have suggested
that preoperative severe spinal cord compression and
postoperative morphological changes in the spinal cord
affect C5P development; however, no previous study has

quantitatively addressed these possibilities. The aim of this
study was to examine whether spinal cord morphology
and morphological restoration after surgery affect C5P
development.

Methods: We reviewed consecutive patients with degen-
erative cervical myelopathy who underwent laminoplasty
including the C3/C4 and C4/C5 intervertebral disc levels.
All participants underwent magnetic resonance imaging
both preoperatively and within 4 weeks postoperatively.
To assess the severity of spinal cord compression, the
compression ratio (CR, spinal cord sagittal diameter/
transverse diameter) was calculated. As an index of mor-
phological changes in the spinal cord during the early
postoperative period, the change rate of CR (CrCR, %)
was calculated as CR within 4 weeks postoperatively/
CRpreoperativelyx100. These measurements were per-
formed at both the C3/C4 and C4/C5 intervertebral disc
levels. The study cohort was divided into C5P and non-
C5P (NC5P) groups; then, CR and CrCR, in addition to
other radiographic variables associated with C5P develop-
ment, were compared between the groups.

Results: A total of 114 patients (mean age, 67.6 years;
58.8% men) were included in the study, with five and
109 patients in the C5P and NC5P groups, respectively.
Preoperative CR at both the C3/C4 and C4/C5 levels was
significantly smaller in the C5P group than in the NC5P
group (0.35 vs. 0.44, p=0.042; 0.27 vs. 0.39, p=0.021). Pa-
tients with C5P exhibited significantly greater CrCR at
the C3/C4 level than those without (139.3% vs. 119.0%,
p=0.046), but the same finding was not noted for CrCR at
the C4/C5 level. There were no significant differences in
other variables between the groups.

Conclusions: This study reveals that severe compression of
the spinal cord and its greater morphological restoration
during the early postoperative period affect C5P devel-
opment. These findings could support the involvement
of segmental cord disorder theory, characterized as the
reperfusion phenomenon, in the pathomechanism of C5P,
besides the tethering effect.
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A Multicentre, Prospective, Randomized
Controlled Trial Comparing Efficacy and
Safety of ProDisc-C to Anterior Cervical
Discectomy and Fusion for Treatment of
Symptomatic Cervical Disc Disease
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*Chang Gung Memorial Hospital, Taipei, Taiwan

Purpose: The aim was to compare safety and efficacy of
ProDisc-C, a cervical total disc replacement (TDR) de-
vice to anterior cervical discectomy and fusion (ACDF)
in treating single-level symptomatic cervical disc disease
(SCDD) in Asians. We hypothesized ProDisc-C to be
non-inferior to ACDF with lower incidence of adjacent
segment disease (ASD).

Methods: This multicenter, prospective, randomized con-
trolled trial was initiated in January 2008, after obtaining
ethical approval at nine centers (in China/Hong Kong/Ko-
rea/Singapore/Taiwan). Patients with single-level SCDD
involving C3-C7-vertebral segments were enrolled and
randomized in 2:1 ratio into: group A treated with Pro-
Disc-C and group B with ACDE A protocol modification
(January 2010) allowed patients with cervical myelopathy
also to be included. Assessments were conducted at base-
line, 6 weeks, 3/6/12/18/24 months post-surgery and an-
nually thereafter out to 84 months. The primary endpoint
was an overall success, the composite of (1) improvement
in Neck Disability Index (NDI) by 20% from baseline; (2)
maintained/improved neurologic parameters; (3) no im-
plant removal/revision/re-operation/additional fixation at
index-level; and (4) no adverse events related to implant/
surgery and no severe/life-threatening events. Secondary
endpoints included: (1) incidence of ASD at 24 months; (2)
individual endpoints of primary outcome; (3) outcomes
of short-form survey (SF-36), Visual Analog Scale (VAS)
score (neck/arm-pain intensity/frequency; patient’ satis-
faction); and (4) radiological parameters (range of mo-
tion, ROM).

Results: Of the 120 enrolled/treated patients (80 ProDisc—
C, 40 ACDF), 76 with ProDisc-C and 37 with ACDF
were treated as per protocol (PP). Overall success (PP, last

observation carried forward [LOCF]) was 79% in group
A and 83.8% in group B at 24 months (p=0.10). ProDisc-
C demonstrated non-inferiority to ACDF at 18 months
(81.6% vs. 83.8%, p=0.0398) with borderline non-inferi-
ority at 3 months (76.3% vs. 78.4%, p=0.054). In intent-
to-treat-LOCF analysis, overall success at 24 months was
78.2% with ProDisc-C and 81.6% with ACDF (p=0.06).
ProDisc-C demonstrated non-inferiority to ACDF
at both 3 months (75.6% vs. 76.3%, p=0.0396) and 18
months (80.8% vs. 81.6%, p=0.0284). Secondary outcomes
improved after 24 months for both groups with no sig-
nificant differences between groups for percentage change
from baseline. Occurrence of ASD was higher in ACDF
versus ProDisc-C, with no statistical significance. The
ROM was sustained with ProDisc-C at 24 months when
compared to preoperative ROM. Whilst, loss of ROM was
noted in group B.

Conclusions: Cervical TDR with ProDisc-C is feasible,
safe, and effective for treatment of SCDD in Asians. Pro-
Disc-C was non-inferior to ACDF at 3 and 18 months
after index-surgery with no clear non-inferiority at 24
months. Patients treated with ProDisc-C demonstrated
significant improvement in terms of NDI, neurologic suc-
cess, VAS-pain scores, and SF-36, along with preservation
of ROM at 24 months post-surgery. Incidence of ASD was
comparable between the two groups at 24 months.
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Purpose: Kyphotic deformity resulting from loss of cervi-
cal lordosis is a rare but serious complication after cervi-
cal laminoplasty (CLP), and it is essential to recognize
the risk factors. Previous studies have demonstrated that
greater flexion range of motion (fROM) and smaller ex-
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tension ROM (eROM) in the cervical spine are associated
with the loss of cervical lordosis after CLP. Considering
these facts together, it can be hypothesized that an in-
dicator representing the gap between fROM and eROM
(gROM) is a highly useful in predicting postoperative cer-
vical lordosis loss. The present study aimed to investigate
the risk factors of marked cervical lordosis loss after CLP
for cervical spondylotic myelopathy (CSM), including
gROM as a potential predictor.

Methods: Patients who underwent CLP for CSM were
divided into patients with and without loss of more than
10° of sagittal Cobb angle between C2 and C7 at the final
follow-up period compared to the preoperative measure-
ments (cervical lordosis loss [CLL] group and no CLL
[NCLL] group, respectively). Demographic characteris-
tics, surgical information, preoperative radiographic mea-
surements, and posterior paraspinal muscle morphology
evaluated by magnetic resonance imaging were compared
between the two groups. The fROM and eROM were ex-
amined on the neutral and flexion-extension views of lat-
eral radiography; gROM was calculated using the follow-
ing formula: gROM (°)=fROM-eROM. The performance
of variables in discriminating between the CLL and NCLL
groups was assessed using the receiver operator character-
istic (ROC) curve.

Results: This study included 111 patients (mean age,
68.3 years; 61.3% male), with 10 and 101 patients in the
CLL and NCLL groups, respectively. Univariate analyses
showed that fROM and gROM were significantly greater
in the CLL group than in the NCLL group (40.2° vs. 26.6°,
p<0.001; 31.6° vs. 14.3°, p<0.001, respectively). ROC curve
analyses revealed that both fROM and gROM had excel-
lent discriminating capacities; gROM was likely to have a
higher area under the curve than fROM (0.906 vs. 0.860,
p=0.094), with an optimal cutoft value of 27°.
Conclusions: The gROM is a highly useful indicator for
predicting a marked loss of cervical lordosis after CLP.
For CSM patients with preoperative gROM exceeding
30°, CLP should be carefully considered, since kyphotic
changes can develop postoperatively.
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Purpose: Percutaneous ultrasonography (PUS) is used to
evaluate the status of the spinal cord after cervical lamino-
plasty (CLP). This technique helps assess real-time move-
ments of the spinal cord and provides immediate infor-
mation regarding the decompression status. Additionally,
it can also be utilized to evaluate the status of the spinal
cord in various body positions and neck postures. This
study aimed to examine changes in the decompression
status of the spinal cord after CLP for cervical spondylotic
myelopathy (CSM) in different body positions and neck
postures using PUS and to assess whether these decom-
pression statuses are related to clinical outcomes at each
time point.

Methods: The study included 66 consecutive participants
with CSM who underwent double-door CLP with suture
anchors. PUS was performed postoperatively at 2 weeks,
3 months, 6 months, and 1 year in sitting (neck flexion
[Flexion], neutral [Neutral], and extension [Extension])
and supine (Supine) positions. The decompression status
was classified into grade I (noncontact), grade II (contact
and apart), and grade III (contact). Clinical outcomes
were evaluated using Japanese Orthopaedic Association
(JOA) scores.

Results: The decompression status improved until 3
months postoperatively in all body positions and neck
postures and was stable onwards. It changed depending on
body positions and neck postures and was worse in Flex-
ion and better in Supine at all postoperative time points.
Participants with grade I decompression status in Supine
had a significantly better recovery rate of JOA scores af-
ter 3 months, 6 months, and 1 year postoperatively than
those with grade II+III decompression status (p<0.05, all).
However, this significant relationship was not observed in
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each sitting position.

Conclusions: The spinal cord after CLP is most decom-
pressed in Supine. Sufficient and continuous restoration
of the anterior subarachnoid space in supine position may
indicate positive clinical outcomes after cervical lamino-

plasty.
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C6 Radiculopathy Can Cause So-Called C$
Palsy: Comparison to C5 Radiculopathy
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Purpose: Shoulder girdle paralysis with severe weak-
ness of the deltoid muscles (Deltoid) and biceps brachii
muscles (Biceps) are widely recognized as C5 palsy, while
C6 radiculopathy can also show similar manifestation. In
this study, we compared the characteristics of C6 and C5
radiculopathy in patients with shoulder girdle paralysis.

Methods: A serial series of 27 cases with preoperative
manual muscle testing (MMT) of Deltoid “3” or less who
had got their symptoms improved after single-nerve root
decompression through posterior open foraminotomy
from September 2006 to March 2018, was analyzed ret-
rospectively. The subjects were divided into two groups;
C5 radiculopathy group (group C5) consisted of 23 cases
(16 males, 7 females; range, 39-79 years old), and C6 ra-
diculopathy group (group C6) consisted of four cases (two
males, two females; range, 34-64 years old). We inves-
tigated (1) initial symptoms, (2) numbness of the upper
limbs at the first visit, (3) preoperative MMT of Deltoid,
Biceps and wrist extensors, (4) biceps tendon reflex (BTR),
and (5) MMT of Deltoid and Biceps 1 year after surgery.

Results: In both groups, suprascapular pain was the ini-
tial symptom in all cases. In group C5, six cases had no
numbness and 17 cases on the lateral aspect of the upper
arm. In group C6, one case had numbness on the lateral
aspect of the upper and forearm, and three cases on the
lateral aspect of the upper limb and thumb. The cases with
weaker Deltoid compared to Biceps were found only in
group C5 (18 cases). In group C6, Biceps was equivalent
(two cases) or weaker (two cases) compared to Deltoid.

Wrist extensors were weak in all the cases in group Cé6,
while no weakness was found in group C5. BTR was di-
minished in all cases in both groups. MMT of Deltoid and
Biceps improved in all cases in both groups after surgery,
especially in group C5 with their Biceps improved to “4”
or more in all cases. In group C6, the improvement of
Deltoid was better than Biceps.

Conclusions: Severe weakness of the Deltoid should be
called “shoulder girdle paralysis”, not C5 palsy. Common
in C5 and C6 radiculopathy, suprascapular pain is the ini-
tial symptom and BTR is diminished, while in C6 radicu-
lopathy, weakness of the Biceps is equivalent or severer
than Deltoid, and weakness of wrist extensors can also be
observed. In our study, the improvement of Deltoid was
better than Biceps after decompression surgery for C6 ra-
diculopathy.
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Posterior Hybrid Technique for Multi-Level
Cervical Spondylotic Myelopathy with
Instability

Hao Zhang, Feng