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Basic Science I

S001

Optimization of Porous Structure for Patient-Specific 
Titanium Cage

Byung Wan Choi, Chan-Hee Song*, Chi-Seung Lee*, 
Sung Soo Kim

Department of Orthopedic Surgery, Inje University Haeundae Paik Hospital, 
Busan, Korea 
*Department of Biomedical Engineering, School of Medicine, Busan National 
University, Busan, Korea

Purpose: In this study, a finite element method (FEM) was 
used to suggest a patient-specific porous structure of lumbar 
titanium cage with low elastic modulus considering bone 
density.
Materials and Methods: Finite element model of lumbar is 
developed based on medical imaging (CT) and verified 
by comparison with studies of vertebrae motion. Gurson-
Tvergaard-Needleman (GTN) model and User material 
model (UMAT) of the user subroutine in Abaqus are used to 
develop the constitutive equation for material properties of 
porous structure. The material constants of the GTN model 
were derived from previous studies on the titanium porous 
structure. Finite element analysis (FEA) is performed on four 
types of loads such as flexion, extension, lateral bending and 
axial rotation by inserting cage into the lumbar intervertebral 
body. The optimum elastic modulus of the cage by series 
studies using the finite element analysis considering the bone 
densities and GTN model. Microstructure models of porous 
titanium cage are designed in accordance with optimum 
elastic modulus and series studies of structural analysis are 
performed to optimize the porous structure of titanium cage. 
Results: The mechanical behavior of the vertebral body and 
cage under various loads is conducted by adjusting the bone 
density using finite element analysis. The elastic modulus 
of the optimal porous titanium cage which can significantly 
reduce the stress of the adjacent bone is predicted. The 
optimal arrangement and shape of the microstructure are 
proposed by finite element analysis in accordance with the 
optimum elastic modulus. 

Conclusions: The proposed porous structure of the titanium 
cage in this study is expected to minimize of bone damage. 
The developed computational simulation method will be 
useful for quantitative prediction of surgery prognosis and 
development of 3D printing design technology.
Keywords: Lumbae interbody fusion, FEM model, Titanium 
cage, 3D printing

S002

Repurposing Bone-forming Agents Based on 
Connectivity Map Technique: A pilot Study to 
Discover Therapeutics for Osteoporosis

Dong Eun Shin, Dong Hyeon Lee, Soon Chul Lee, 
Taeho Kim

Department of Orthopedic Surgery, CHA university, CHA Bundang Medical 
Center, Seongnam, Korea

Purpose: Osteoporosis is a systemic skeletal disease characterized 
by a decrease in bone mass and abnormal fine structure. 
Osteoporosis medication is consist of bone resorption inhibitor 
and bone forming agent. Bisphosphonate is most commonly 
used, but there is a limit to the recovery of severe osteoporosis. 
Repurposing is a drug development method for investigating 
new indications and developing new drugs that are already on 
the market and for which safety has been proven and drugs in 
the development stage. Connectivity Map (CMap) is a method 
of extracting disease-drug or drug-drug connections via gene 
expression signatures and networking them to detect the 
possibility of repurposing.
Materials and Methods: Transcriptome data related to bone 
formation was obtained from the GEO database, and a 
differentially expressed gene (DEG) was extracted using 
the GeoDE library of R. The drug that induces the gene 
expression profile in the same manner was searched using 
the DEG and drug perturbation database extracted by the 
L1000CDS2 connection map (CMap) algorithm. A candidate 
drug was selected by calculating the evaluation based on the 
ranking, studying pharmacological mechanisms, literature 
surveys, and deriving the priority of the biological effect test.
Results: We selected GSE37OOO, GSE18OOO, GSE35OOO, 
GSE49OOO, and GSE84OOO, which measured changes 
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in mRNA expression in the process of bone formation by 
microarray in the GEO database, and extracted DEG for each 
data set. The increased DEG was 103, 132, 82, 155, and 125, 
respectively, and the decreased DEG was 97, 68, 118, 45, and 
75. Common DEGs were OMOO, ADOO, CCOO, NAOO, 
NOOO, CTOO and SPOO. Using L1000CDS2, 50 candidate 
compounds that could similarly cause gene changes obtained 
during the bone formation process were extracted for each 
data set. The extracted compounds were combined to 
determine about 30 species such as kinase inhibitor, receptor 
inhibitor, deacetylase inhibitor and the like. About 10 drugs 
whose efficacy is predicted by examining literature, patents, 
mechanism of action, and investigating important signaling 
pathways with important genes, etc. through a network of 
interactions between DEGs and cluster analysis.
Conclusions: Based on the CMap, a group of compounds 
having bone formation potential was able to be derived 
using the bone formation gene expression data and the drug 
perturbation database. Assuming that a large number of 
compounds that influence the signaling system known to 
promote stem cell goal differentiation and bone cell activity 
have been found, appropriate candidate compounds can be 
deduced.
Keywords: Osteoporosis, Repurposing, Connectivity map

S003

Neuropeptide Y Regulates the Bone Marrow 
Hematopoietic Stem Cell Microenvironment

Woo-Kie Min, Min Hee Park*, Jae-Sung Bae* 

Department of Orthopedic Surgery, Kyungpook National University Hospital, 
Daegn, Korea 
*Department of Physiology, Kyungpook National University School of Medicine, 
Daegn, Korea

Purpose: The purpose of this study is to suggest a new role of 
neuropeptide Y(NPY) in bone marrow hematopoietic stem 
cell microenvironment and therapeutic application.
Materials and Methods: Six- to eight-week-old male or 
female NPY-/- mice, C57BL/6 mice, or C57BL/6.SJL 
mice were purchased. NPY-/ mice and control mice were 
maintained on a 129S1/SvImJ background. Lyz2-cre, 2.3-
kB Col1a1-cre, and Y1fl/fl mice were used to delete the 

Y1 receptor in osteoblasts and macrophages specifically. 
The block randomization method was used to allocate the 
animals to experimental group. For assessment of bone 
marrow microenvironment function of NPY-/- mice, mice 
were lethally irradiated (10 Gy, two split doses) and injected 
with 1×106 BM from CD45.1 (BoyJ) mice. To eliminate 
bias, investigators were blinded during data collection and 
data analysis. All mouse studies were approved by the 
Kyungpook National University Institutional Animal Care 
and Use Committee.
Results: We demonstrated that NPY deficient mice have 
significantly reduced HSC numbers and impaired bone 
marrow regeneration due to apoptotic destruction of 
sympathetic nervous system (SNS) fibers and/or endothelial 
cells. Moreover, NPY treatment prevented bone marrow 
impairments in a mouse model of chemotherapy-induced 
SNS injury, while conditional knockout mice lacking the 
Y1 receptor in macrophages did not restore bone marrow 
dysfunction in spite of NPY injection. Transforming 
growth factor-beta (TGF-β) secreted by NPY-mediated Y1 
receptor stimulation in macrophages plays a key role in 
neuroprotection and HSC survival in the bone marrow.
Conclusions: We found that a new role of NPY as a regulator 
for bone marrow HSC microenvironment. This suggest that 
NPY have a potential clinical utility as agents for various 
kinds of clinical situation.
Keywords: Bone marrow microenvironment, Hematopoietic 
stem cell, Neuropeptide Y
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S004

Enhanced Healing of Rat Calvarial Defects with 3D 
printed Calcium-Deficient Hydroxyapatite/Collagen/
Bone Morphogenetic Protein 2 Scaffolds

Shihuan Han, Jiun Lee*, Kyung Mee Lee†, Yuan Zhe Jin†, 
Hui-Suk Yun‡, Geun Hyung Kim*, Jae Hyup Lee† 

Department of Orthopedic Surgery, YanBian University Hospital, Yanji, Jilin 
Provice, China 
*Department of Biomechatronic Engineering, College of Biotechnology and 
Bioengineering, Sungkyunkwan University (SKKU), Suwon, Korea 
†Department of Orthopedic Surgery, College of Medicine, Seoul National 
University, SMG-SNU Boramae Medical Center, Seoul, Korea 
‡Korea Institute of Materials Science (KIMS), Seoul, Korea

Purpose: In this study, we evaluated the newly formed in 
vitro and in vivo bone using the CDHA (Calcium deficient 
hydroxyapatite)/collagen-based bio-ceramic scaffold as 
BMP-2 carrier in rat calvarial critical-sized bone defect. 
Materials and Methods: Thirty-four 8-week old male Sprague-
Dawley rats were randomly assigned to the following three 
groups: 1. no implant group (the Blank group, n=8); 2. the 
calcium deficient hydroxyapatite (CDHA)/collagen implant 
group (the CDHA group, n=13); and 3. the CDHA/collagen/
rhBMP-2 implant group (the BMP group, n=13; (494.8± 
24.6) ng-loaded Collagen/TCP scaffold). The two implant 
groups were subdivided by a degradation treatment period 
(16 weeks, n=3 per subgroup). After 8 or 16 weeks, the 
specimen including the implant was subjected to Micro-CT 
scan, and bone regeneration, bone formation, and the implant 
degradation were evaluated by Micro-CT and histological 
analysis.
Results: No animal deaths occurred during the entire 
experiment. No inflammation, hematoma, or infection was 
observed in the surgery site. The CDHA/collagen scaffold 
loaded rhBMP-2 group showed significantly enhanced results 
of in vitro bone-related gene expression. The results of 
micro-CT showed that the main bone formation parameters 
of percent of bone volume and trabecular number of the 
two experimental groups (CDHA group and BMP group) 
were significantly higher than those of the control (Blank) 
group. Although there was no significant difference between 
the two experimental groups, the BMP group results were 
slightly higher than those of the CDHA group. Moreover, the 
histological results also supported the micro-CT results. 

Conclusions: The scaffold of CDHA/collagen seems to be a 
suitable bio-ceramic carrier loaded rhBMP-2, and appears to 
enhance new bone formation and bone regeneration in bone 
defect after implantation.
Keywords: Bone Morphogenetic Protein-2, Collagen, 
Calcium deficient hydroxyapatite, Calvarial bone defect, in 
vivo study.

Basic Science II

S005

Isolation and Characterization of Exosome from 
Epidural Fat-derived Mesenchymal Stem Cell

Gun Woo Lee, Jong-Uk Mun*, Myun-Whan Ahn†

Department of Orthopedic Surgery, Yeungnam University Medical Center and 
Yeungnam University College of Medicine, Daegu, Korea 
*Department of Orthopaedic Surgery, Daedong Hospital, Busan, Korea
†Department of Orthopedic Surgery, Yeungnam University Medical Center, 
Daegu, Korea

Purpose: Since spine surgeons are unaware of what epidural 
fat (EF) tissue contains and why it is located between 
the ligamentum flavum (LF) and dura mater, EF tissues 
are routinely eliminated during surgical procedures. 
However, some problems after spine surgery such as post-
laminectomy syndrome have been pointed out. To date, 
spine physicians have rarely studied regarding the role and 
function of epidural fat itself. Thus, the authors have focused 
on researching original feature of EF tissue. In the current 
study, as a fundamental study regarding EF, the authors 
aimed to confirm its presence of mesenchymal stem cell 
(MSC) from EF, which characteristics also compared to 
MSC from subcutaneous fat (SF). In addition, to overcome 
some limitations of EF-MSC, we also studied a isolation and 
characterization of extracelluar vesicles (exosomes) from 
EF-MSC.
Materials and Methods: EF and SF were obtained from 
consenting patients (n=9) during lumbar spine surgery. 
The primary cells were isolated and cultured according to 
previously described methods with some modifications, 
and cell morphology and cumulation was examined. Next, 
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reverse transcription–polymerase chain reaction (RT-PCR), 
a fluorescence-activated cell sorting (FACS) analysis, and 
differentiation potency into osteoblast, chondroblast, and 
adipocyte were investigated to identify whether cells derived 
from EF are MSCs, which characters also compared with SF-
MSC. And, from EF-MSC, we could isolate the exosomes (by 
our modified TFF methods) and characterize it with TEM, 
FACS, DLS, and others. 
Results: The cells from the EF tissue had a fibroblast or 
neuron-like morphology that remained until the senescence 
at p18. MSC-specific genes such as OCT4, SOX2, KLF4, 
MYC, and GAPDH were expressed in the RT-PCR study, 
while MSC-specific surface markers such as CD105, 
CD90, and CD73 were exhibited by FACS analysis. The 
differentiation properties of EF-MSC into the three types 
of cells (osteoblast, chondroblast, and adipocyte) were also 
confirmed. With respect to tissue origins, the two tissues, 
EF and SF, were differentiated in RT-PCR analysis. On 
the methods of TEM, FACS, DLS, and western blot, we 
confirmed pure isolation of exosome from EF-MSC and its 
characterization. 
Conclusions: The authors confirmed the isolation of exosome 
from EF-MSC, for the first time. The outcomes from the 
study can be cornerstone for further EF studies, especially 
for basic studies for spine pathologies.
Keywords: Epidural fat, Mesenchymal stem cell, Exosome, 
Isolation, Characterization

S006

Spinal Stenosis Grading using Deep Convolutional 
Neural Network

Suk-Joong Lee, Doo Hyun Kwon*, Dae Moo Shim† 

Department of Orthopedic Surgery, Keimyung University School of Medicine, 
Daegu, Korea 
*Department of Orthopedic Surgery, Keimyung University Daegu Dongsan 
Hospital, Daegu, Korea 
†Department of Orthopaedic Surgery and Institute of Wonkwang Medical 
Science, Wonkwang University School of Medicine, Iksan, Korea

Purpose: Grading of spine stenosis in MR image is important 
for diagnosis and treatment. However, it is tedious for 
experts to check the MR images slide by slide to classify 
the patient’s grading, and novice and expert doctors have 

a different opinion. The aim of this study is to verify the 
feasibility of the computer-assisted spine stenosis grading 
system by comparing the diagnostic agreement between two 
experts and the agreement between the experts and the model 
trained by deep convolution neural networks.
Materials and Methods: For 542 vertebral MR images, two 
experts independently graded the status of spine stenosis, 
and then the grading agreement between two experts was 
measured. Moreover, we trained two deep convolution neural 
networks using each grading label made by the two experts, 
and then measured the agreement between the labels and the 
prediction results by the convolution neural networks.
Results: Grading agreement between the experts was 80% 
for grade A, 52% for grade B, 90.1% for grade C, and 86.2% 
for grade D. On the other hand, the agreement between 
the first expert and the model trained by labels of the first 
expert was 95.6% for grade A, 54.7% for grade B, 77.4% 
for grade C, and 78.4% for grade D. The agreement between 
the second expert and the model trained by labels of the 
second expert was 85.0% of grade A, 54.7% of grade B, 
77.0% of grade C, and 78.4% of grade D. Statistically, the 
differences between the two experts were significant, while 
the differences between each doctor and the trained model 
were no significant.
Conclusions: We confirmed that the automatic diagnosis using 
deep learning may be feasible for the spinal stenosis grading.
Keywords: Spinal stenosis grading, Deep convolutional 
neural network

S007

Feasibility of Human Induced Pluripotent Stem Cell-
Derived Osteoblasts for Spine Fusion in a Rat Model

Sang-Il Kim, Young-Hoon Kim, Chang-Hee Cho, 
Ji-Hyun Ju, Hun-Chul Kim, Jang-Woon Kim, Ye-Na Kim, 
So-Na Kim

Department of Orthopedic Surgery, Seoul St. Mary’s Hospital, The Catholic 
University of Korea, Seoul, Korea

Purpose: Spinal disorders often require spinal fusion to 
restore a stabilized spine where bone grafts are implanted for 
the fusion of adjacent vertebra. Several options of bone grafts 
and substitutes are now available; however, those have some 
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drawbacks. In this preclinical study, we aimed to investigate 
the spine fusion potential of human induced pluripotent stem 
cell (iPSC)-derived osteoblasts in a rat model.
Materials and Methods: iPSC was generated using Sendai virus 
vectors (OCT3/4, SOX2, KLF4, and c-MYC). Osteoblasts 
were derived from iPSCs originating from human peripheral 
blood mononuclear cells. They were able to differentiated 
into osteoblasts in vitro with collagen scaffolds using a 
3D-cultured method. Bilateral posterior fusion was performed 
at the upper lumbar area in a rat. Collagen scaffolds without 
cells, demineralized bone matrix (DBM), and iPSC-derived 
osteoblasts were transplanted onto rat spinal lamina. Bone 
regeneration was evaluated using microcomputed tomography 
(mCT) analysis and histological analysis at 4, 8, and 12 weeks. 
Results: iPSC-derived osteoblasts expressed several 
osteoblast differentiation markers. Transplantation of these 
osteoblasts onto rat spinal lamina showed bone regeneration 
and spinal fusion on mCT and histological analysis. On mCT 
analysis, fusion rate and the volume of newly formed bone 
were higher in iPSC group than scaffolds only group. 
Conclusions: iPSC-derived osteoblasts showed higher fusion 
rate and the volume of newly formed bone in a rat model 
compared to the control. These findings suggest that iPSC-
derived osteoblasts could be an alternative to previous bone 
graft substitutes to improve fusion rate.
Keywords: Induced pluripotent stem cell, Spine, Fusion, 
Bone, Bone graft substitute, Osteoblast, rat

S008

Oncordant Osteopenia Have Similar Frax Assessed 
Fracture Risk with Discordant Osteoporosis in 
Postmenopausal Women

Tae Sik Goh, Jung Sub Lee

Department of Orthopedic Surgery, Busan National University, Busan, Korea

Purpose: The purpose of this study was to evaluate the 
probability of fracture risk in individuals with spine–femur 
BMD discordance and to examine whether trabecular bone 
score (TBS) is associated with discordance or fracture risk in 
postmenopausal women.  
Materials and Methods: This retrospective study included 608 

healthy postmenopausal women (median 56 years, range 
45 to 73 years) who visited our hospital for a health check-
up between May, 2013 and April 2017. TBS was calculated 
from DXA images. The fracture risk was assessed with 
Fracture Risk Assessment Tool (FRAX) including TBS-
adjusted FRAX.
Results: Three hundred and eighty nine patients (64.0%) 
patients showed concordant result of diagnosis between spine 
and femur, whereas 219 patients (37.0%) exhibited spine-
femur discordance. Major discordance was seen in 5.0 % 
(n=11) of discordant group and those were all diagnosed with 
osteoporosis at the lumbar spine of the study population. The 
normal BMD was found in 62.6% (n=388) of concordant 
result. However, there is no significant difference in TBS 
among the groups with concordant or discordant results 
between LS and FN within the same diagnosis. The 
participants in concordant group showed significantly higher 
scores of all FRAX result including TBS adjusted-FRAX 
result compared with those in discordant groups of low LS 
or low FN. Furthermore, all FRAX results of the osteopenia 
with concordant diagnosis were similar with those of 
osteoporosis whose BMD of one site was osteopenia or 
normal. 
Conclusions: The results of FRAX and TBS-adjusted FRAX 
in concordant diagnosis of osteopenia group are comparable 
with those of discordant diagnosis of osteoporosis group. 
We suggested that the patient with concordant diagnosis of 
osteopenia in both FN and LS are needed to be regarded and 
to be managed as the patient with discordant diagnosis of 
osteoporosis. 
Keywords: Bone mineral density, FRAX, Discordance, Dual-
energy X-ray absorptiometry
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Cervical I

S009

The Impact of Spinopelvic Morphology on the Global 
Spinal Sagittal Alignment

Sung Hoon Choi, Hee Jung Son, Dong Ryul Heo, Hyun 
Seob Ahn, Chang-Nam Kang 

Department of Orthopaedic Surgery, Hanyang University Hospital, Seoul, Korea

Purpose: The aim of the present study was to investigate 
patterns of spinal sagittal alignment in asymptomatic patients 
according to pelvic morphologies using radiological analysis.
Materials and Methods: We analyzed whole spinal lateral 
standing radiographs of 315 patients who had no limitation 
on ambulation. After confirming the radiographic parameters 
defining the pelvic morphologies, groups were categorized 
using the hierarchical clustering analysis, K-means clustering 
analysis. Characteristics of the thoracolumbar, cervical, 
and global parameters were evaluated among clustered 
groups using analysis of variance. As the incidence angles 
of inflection point (IAIPs), L1 incidence (L1I), T1 incidence 
(T1I), C2 incidence (C2I), and C1 incidence (C1I) were 
defined as the angle between a line from the center of the 
femoral heads through the midpoint of the sacral superior 
endplate and a line perpendicular to each L1, T1 superior 
endplate, C2 inferior endplate, and the C1 ring, respectively.
Results: Radiologic parameters defining the pelvic 
morphologies were pelvic incidence (PI), pelvic tilt (PT), 
sacral slope (SS), SS/PI, and PI – lumbar lordosis (LL), 
and those were all statistically significant. Four different 
groups were categorized and C7 sagittal vertical axis (SVA), 
PI, SS, PT, SS/PI, LL, thoracic kyphosis, L1I, and T1I 
were statistically different in the thoracolumbar spine. In 
the cervical spine, T1 slope, C2-7 lordosis, C0-2 lordosis, 
and C2 slope were not different among groups, however, 
C2-7 SVA, C2I, C1I, and T1 pelvic angle (T1PA) showed 
differences among groups. Sagittal alignment of group 
1 was characterized by small pelvis with proportioned 
small curved arc and those of group 4 by large pelvis with 
proportioned large curved arc, and both groups were aligned 
with mid-range of IAIPs and T1PA. Those of group 2 was 

characterized by anteverted pelvis with large curved arc 
aligned with low IAIPs and T1PA, and those of group 3 by 
retroverted pelvis with small curved arc aligned with high 
IAIPs and T1PA. The proportion of males was high in groups 
1 and 2, and those of females in groups 3 and 4, and it was 
statistically significant.
Conclusions: According to the shape of the pelvis, the sagittal 
alignment patterns of the spine were divided into 4 types 
and showed different distributions according to gender. 
Each group showed different thoracolumbar and cervical 
parameters and aligned along with similar ranges of IAIP and 
T1PA. Therefore, in addition to T1PA, IAIPs could be useful 
radiological parameters for evaluating spinal alignment.
Keywords: Sagittal alignment, Pelvic incidence, Sacral slope, 
pelvic tilt, Spinopelvic morphology, Incidence angle of 
inflection point, T1 pelvic angle

S010

Computed Tomography-Based Feasibility Study of 
C1 Posterior Arch Crisscrossing Screw Fixation

Gururaj Gururaj, Suman Salimath

Indian Spinal Injuries Centre, Newdelhi, India 

Purpose: Posterior fixation of C1 using screws is the most 
popular technique among the various methods for C1 
stabilization, but it places the surrounding neurovascular 
structures at risk. Approximately 20% of the population has an 
anomalous groove for the vertebral artery; therefore, salvage 
methods are necessary. Therefore, we analyzed the feasibility 
of a newer C1 posterior arch crisscrossing screw fixation 
technique and studied its feasibility in the Indian population on 
the basis of the anatomy of the C1 posterior arch.
Results: Out of the 88 CT scans analyzed, the mean height 
of the posterior tubercle was 7.4 mm, wherein 84.09% 
exceeded 7 mm,and the width of the posterior tubercle was 
5.4 mm, wherein 88.6% (n=78) had posterior arch width 
>3.5 mm. A total of 13.6% (n=12)vertebrae were not suitable 
for screw placement, whereas 75% (n=66) vertebrae could 
accommodate 3.5×15 mm or longer screws.The screw 
projection angles ranged from 11.2° to 35° on the right and 
from 15.6° to 38.2° on the ~left.
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Conclusions: C1 posterior arch screw fixation is a feasible 
and safe method because it poses little risk of injury to the 
surrounding neurovascular structures.

S011

Pedicle Screw Fixation in the Lower Cervical Spine

Pashupati Chaudhary

BPKIHS, Nepal

Purpose: Pedicle screw fixation of lower cervical spine is a 
new technique that provides an alternative to posterior lateral 
mass plating. Although biomechanical studies suggest the use 
of pedicle screws to reconstruct the cervical spine, placing 
screw in small cervical pedicle poses a technical challenge. 
Penetreation of screw in pedicle is a primary complication 
associated with screw insertion in the lower cervical spine. 
To manage the cervical spine injuries by pedicle screw 
presented to department of Orthopaedics, BPKIHS, Dharan.
Materials and Methods: This is retrospective interventional 
study done at the department of Orthopaedics,B.P.Koirala 
Institute of Health Sciences,Dharan,Nepal over a period of 5 
years from March 2013 to April 2018. A total of 55 patients 
with cervical spine injuries were treated by pedicle screw. 
The patient’s age ranged from 20 to 60 years and the mean 
follow-up was 12 weeks. 
Results: The study comprised of 55 patients with cervical 
spine injuries were treated by pedicle screw The age 
incidence in this series ranged from 20 years to 60 years. 40 
patients were males and 20 was female. All had fractures 
or fracture dislocation at different levels of lower cervical 
spine.The mechanism of injury included falls from height 
(80%), motor vehicle accidents (18%) and sports related 
injury (2%). Pedicle screw insertion into the pedicles in 
the lower cervical spine is technique that requires a solid 
knowledge of 3-dimensional anatomy of cervical spine and 
experience of pedicle screw fixation in thoracolumbar spine. 
The biomechanical advantages of pedicle screw fixation in 
cervical spine is obvious, but data are limited. However, 
safety and role of pedicle screw fixation in reconstruction in 
the lower cervical spine have not been defined.
Conclusions: It is indicated in patients with osteoporotic 

bone or when rigid internal fixation can not be achieved by 
conventional techniques.
Keywords: Cervical pedicle screw, Lower cervical spine, 
Lateral mass

S012

Posterior Occiput-cervical Fixation for Metastasis to 
Upper Cervical Spine 

Tarush Rustagi, Murari Bansal, Bhibhudendu Mohapatra,
Harvinder Singh Chhabra, Ehud Mendel* 

Indian Spinal Injuries Centre, India 
*Ohio State University, USA

Purpose: To present our experience of diagnosis, presentation 
and surgical management of metastatic tumors of the upper 
cervical spine. To our knowledge, it is a largest series till 
date.
Materials and Methods: Retrospective study was done. The 
inclusion criteria was consecutive cases (between age >18 
years) of Occiput-cervical fusion following metastasis to 
upper cervical spine. All other causes, revision surgeries 
were excluded. Demographic, surgical and clinical data was 
collected through chart review. Clinical data included pain 
scores based on Numeric rating score, Frankel scale. The 
pre- and post-operative images were used to evaluate extent 
of disease, and translation/angulation of C2. Antero-posterior 
thecal sac diameter based on axial T2 weighted MRI.
Results: 31 patients included 17 females and 14 males. The 
mean age at the time of surgery was 56.4 (range 24-82). All 
patients presented with mechanical pain with average NRS 
of 8.27. No patient had any neurological deficit from the 
cervical disease (Frankel E). Average SINS score was 10, 
with majority 23 patients lying in the intermediate category 
(7-12) and rest in instability group (13-18). 5/31 cases had 
average C2 angulation of 5.4 degrees (4-17 degrees) and 
subluxation was seen in 12 cases (average 5.5 mm). Breast 
metastasis was most common in 9 cases followed by renal 
in 5 cases. Most cases had Occiput to C4 fusion (25), 5 had 
extension to C5 and tone to C6. All cases had a occipital plate 
and lateral mass screws. Average blood loss was 386.3 ml 
(75-1300cc) and time was 210.5 minutes. The average length 
of stay was 6.96 days (4-15). Single vertebra was involved 
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in most cases (26). Axis was most commonly involved in 
24 cases with most commonbeing the body involvement 
(21) followed by pedicle/pars involvement (12 cases). 
Atlas wasinvolved in 9 cases (mostly unilateral lateral mass 
involved in 8 cases and arch involved in 3 cases. Occiput 
was involved in three cases. There was no neurological 
complication. The NRS reduced from 8.27 (5-10) to 1(0-3). 
The average survival was 16.61 months (5 days-50 months).
Conclusions: Occiput-cervical fusion gives good clinical 
outcomes in patients with metastasis to upper cervical spine. 
The surgery offers a good palliative treatment to patients with 
severe neck pain. Most patients complain was debilitating 
neck pain. C2 body is most frequently involved 
Keywords: Occiptocervical, Metastasis, Tumor, Survival

Cervical II

S013

Do Intra-operative Neurophysiological Changes 
Predict Functional Outcome Following Decompressive 
Surgery for Cervical Myeloradiculopathy?A 
Prospective Study

Keyur Kantilal Akbari, Muralidharan Venkatesan, 
Sajan k Hegde 

Apollo Hospitals, India

Purpose: The primary objective of the present study was 
to investigate whether IONM positive changes can predict 
functional outcome after surgical intervention for cervical 
myeloradiculopathy.
Materials and Methods: Patients who underwent spinal 
surgery with IONM due to cervical compressive myelo-
radiculopathy were enrolled. During the surgery, patients 
underwent IONM using motor evoked potential (MEP) and 
somatosensory evoked potential (SEP). MEP and SEP were 
checked before and immediately after decompression. A 
decrease in latency >10% or an increase in amplitude >50% 
was regarded as a “positive changes”. Subjects were divided 
according to the presence of positive changes. 
Results: Intraoperative neurological monitoring was 

perfomed in 28 cases. 9 cases (32.1%) showed improvement 
in motor evoked potentials but no change in somatosensory 
evoked potential. 18 cases (64.3%) demonstrated no change 
in motor or somatosensory evoked potentials compared to 
baseline findings. Deterioration in motor evoked potential 
was observed in one patient (3.6%). The cohort was divided 
into group A (9 participants showing improvement in motor 
evoked potential) and group B (19 participants who showed 
no change in evoked potentials compared to baseline or 
showed deterioration in motor evoked potentials).The mean 
preop Nurick grade and mJOA score of group A and B were 
(2.55±0.83 and 11.11±1.65) and (2.47±0.7 and 11.32±1.24) 
respectively.The mean postoperative Nurick grade of 
group A and B at three months was 1.8±0.97 and 2.0±0.67 
respectively and this difference was not significant. The mean 
postoperative Nurick grade of group A and B at six months 
was 1.6±0.88 and 1.6±0.50 respectively and this difference 
was not significant. The mean postoperative mJOA score of 
group A and B at 3 months was 13.1±1.76 and 12.1±1.39 
respectively and unpaired t test concluded that this difference 
was not significant. Spearman correlation coefficient showed 
insignificant correlation between intraoperative findings of 
neurological monitoring and the mJOA score at three months 
postoperatively. The mean postoperative mJOA score of 
group A and B at six months was 14.3±1.32 and 12.9±1.29 
respectively and unpaired t test concluded that this difference 
was significant (p-value 0.011). 
Conclusions: Our study shows that impact of positive changes 
in MEP during IONM reflect in functional improvement at 6 
months post-operatively.
Keywords: Cervical myelopathy, Mjoa, Nurick, Ionm, Postive 
Response

S014

Redo Surgery in Cranio Veertebral Junction 
Anomalies-Challenges Faced and Lessons Learnt

Ashish Tandon, Alok Agrawal

Aditya Superspeciality Hospital Jabalpur India, India

Purpose: To review the problems of operating on failed 
previous surgery of craniovertebral junction anomalies.  
Also to present some surgical tips for such daunting cases 
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Materials and Methods: A review of five cases over last 2 
years would be undertaken who were operated in the past but 
failed to achieve the intended results.
Results: Complications and overall results would be discussed 
following reoperation. 
Conclusions: Atlanto axial dislocation with basilar invagination 
are challenging problems which a spine surgeon needs to 
manage. It gets even more difficult when one needs to operate 
cases which have failed first or second attempt to treat these 
pathologies. However with fresh radiological assessment of the 
anatomy and good preoperative planning one can circumvent 
the problem at hand and deliver acceptable to good results.
Keywords: AAD CVJ anomaly, Redo operation, Basilar 
invagination

S015

Factors Affecting the Clinical Outcome of Posterolateral 
Fusion Using Lateral Mass Screw in Cervical 
Myelopathy Patients: Evaluation with Computed 
Tomography

Kyeol Han, Minjoon Cho, Ji-Ho Lee, Jae Hyup Lee

Department of Orthopaedic Surgery, Seoul Metropolitan Government-Seoul 
National University Boramae Medical Center, Seoul, Korea

Purpose: Although posterior approach is a good option 
for the treatment of multilevel cervical degenerative 
myelopathy(CDM), there is controversy about the efficacy 
in patients with cervical kyphosis. Cervical laminectomy and 
fusion using lateral mass screw is known to be a relatively 
easy, safe and effective procedure for the CDM patients, but 
much research has not been done on the relationship between 
preoperative sagittal balance and clinical result. 
Materials and Methods: We retrospectively reviewed 55 patients 
underwent laminectomy and fusion using lateral mass screw for 
CDM patients. Patients were divided into two groups according 
to two different definitions such as Toyama classification 
and Cobb angle. The clinical results were assessed with the 
Japanese Orthopedic Association (JOA) score, neck disability 
index (NDI), SF-36 and visual analog scale (VAS). The effect 
of cervical alignment on clinical result and also on change 
of alignment and change of range of motion was analyzed 
between two groups.

Results: The mean JOA scores, NDI, SF-36 and VAS improved 
in all groups. The increase of JOA scores was statistically lower 
in non-lordotic group of Cobb angle classification. Otherwise 
there were no significant differences in clinical outcomes 
between the groups. However when we classify these patients 
as a pathogenetic mechanisms, among the patients with non-
lordotic cervical alignment, cervical spondylotic myelopathy 
(CSM) patients had lower JOA recovery rate as well as less 
increase of JOA scores than ossification of the posterior 
longitudinal ligament (OPLL) patients statistically. JOA 
recovery rate of CSM patients with non-lordotic cervical 
alignment were significantly lower than JOA recovery rate of 
lordotic group patients. 
Conclusions: Cervical laminectomy and fusion surgery using 
lateral mass screw is effective technique for the patients with 
cervical lordosis and even if cervical lordosis is lost, patients 
with OPLL are expected to have good clinical results, but 
may not recommended for the patients with CSM and non-
lordotic cervical alignment.
Keywords: Cervical degenerative myelopahty, Laminectomy 
and fusion, Lateral mass screw, Sagittal alignment, Cervical 
kyphosis

S016

Characteristics and Surgical Outcomes of C8 and T1 
Cervical Radiculopathies

Kyung Chun Kang, Wenbo Lin*, James D Lin†, 
K Daniel Riew† 

Department of Orthopedic Surgery, Kyung Hee University Hospita, Korea 
*Secondary Military Medical University, China
†Daniel and Jane Och Spine Hospital, Columbia University, USA

Purpose: C8 and T1 radiculopathies are uncommon and many 
surgeons have limited experience treating this condition. We 
undertook this study to document the signs and symptoms 
associated with these rare radiculopathies. 
Materials and Methods: From Oct. 2015 to Jul. 2018, consecutive 
patients who were surgically treated for C8 and/or T1 
radiculopathy by the senior author were included. Medical 
records and radiographs were reviewed by two independent 
experienced spine surgeons. Patient demographics, history, and 
physical examination findings were analyzed. Data analyzed 
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included pain localization, numbness and sensory changes, 
motor deficits , presence of intrinsic hand muscle atrophy, 
and grip strength measured by dynamometer. Neck Disability 
Index (NDI) and Odom criteria were compared pre- and 
postoperatively to assess the surgical outcomes.
Results: Fourteen patients with isolated C8 and/or T1 
radiculopathy were identified, with mean follow up of 
11.2 months. The mean age was 65.4 (range 49-77) years, 
and 10 were male. The involved segments were C7-T1 (4 
patients), T1-T2 (5 patients), and both C7-T2 (5 patients). 
Nine patients had anterior surgery, 3 had posterior, and 2 had 
circumferential surgery. Thirteen had radiculopathies and 1 
had myeloradiculopathy. The most common symptom was 
hand weakness (85.7%) and pain and/or numbness in the 
ulnar forearm and hand, but neck pain was minimal. Mean 
preoperative symptom duration was 14.8 (2.2-54.0) months. 
5 patients (35.7%) had primary procedures and 9 (64.3%) 
had revision surgery. Of the 9 revision cases, 6 had previous 
super or subjacent fusion procedures. Before surgery, mean 
grip strength in affected hand was 44.2% lower than that in 
the non-affected hand (36.7±23.6 vs 65.8±32.4 lbs, p=0.012). 
However, decreased mean grip strength returned to normal 
range 6 months after surgeries. Preop mean NDI (39.2) 
significantly decreased at the last follow-up (10.4, p<0.05) 
and 87.7% of the patients showed more than fair responses 
using Odom’s criteria.
Conclusions: The most common symptoms for patients 
with C8 or T1 radiculopathies were intrinsic hand muscle 
weakness and numbness in the ulnar forearm and fingers. 
Hand weakness significantly improved postoperatively and 
regardless of surgical approach, surgical outcomes for C8 
and T1 radiculopathies are satisfactory.
Keywords: C8 or T1 radiculopathy, Cervicothoracic junctional 
area, Signs and symptoms, Hand weakness

Cervical III

S017

Traumatic Atlanto-Occipital Dislocation: Analysis of 
15 Survival Cases with Emphasis on Associted Upper 
Cervical Spine Injuries

Dong-Gune Chang, Kyung-Jin Song*, Heui-Jeon Park†, 
Whoan Jeang Kim‡, Jong-Beom Park∮, Yanchen Chu, 
Guoqing Tan¶ 

Department of Orthopedic Surgery, Inje University Sanggye Paik Hospital, Seoul, Korea 
*Department of Orthopedic Surgery, Jesus Hospital, Jeonju, Korea
†Department of Orthopedic Surgery, Yonsei University Wonju, Korea
‡Department of Orthopedic Surgery, Eulji University Hospital, Daejeon, Korea
∮Department of Orthopedic Surgery, Uijeongbu St. Mary’s Hospital, The Catholic 
University of Korea, Uijeongbu, Korea 
∥Department of Orthopedic Surgery, The Affiliated Hospital of Qingdao Univesity, 
China 
¶Department of Orthopedic Surgery, Affiliated Hospital of Shandong University of 
Traditional Chinese Medicine, China

Purpose: Traumatic atlanto-occipital dislocation (AOD) 
is a rare and generally fatal injury. Information regarding 
associated upper cervical spine injuries that may affect 
treatment methods, outcomes, and prognosis is limited. This 
study is to investigate the incidence and characteristics of 
associated upper cervical spine injuries in 15 survival cases 
of traumatic AOD.
Materials and Methods: Fifteen patients (11 patients with 
posterior-type AOD and 4 patients with vertical-type 
AOD) who survived traumatic AOD were included in this 
study. Plain radiographs, computed tomography, magnetic 
resonance imaging, and medical records were reviewed. The 
incidence and characteristics of associated upper and lower 
cervical spine and thoracolumbar spine injuries and brain 
injuries were evaluated.
Results: Thirteen patients with traumatic AOD (11 patients 
with posterior-type AOD and 2 patients with vertical-type 
AOD) showed associated upper cervical spine injuries; the 
overall incidence was 87% (100% in posterior-type AOD 
and 50% in vertical-type AOD). In posterior-type AOD, 
8 (72.7%) patients had C1 fractures (4 patients had three-
part fracture, 3 patients had two-part fracture, and 1 patient 
had four-part fracture), four (36.4%) patients had C1 lateral 
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mass fractures, two (18.2%) patients had transverse atlantal 
ligament injuries. In vertical-type AOD, 2 (50%) patients had 
C1-C2 vertical subluxation with C1 anterior arch horizontal 
and sagittal split fractures. In posterior-type AOD, 2 (18%) 
patients had lower cervical spine injuries and 1 (9%) patient 
had brain injury. In vertical-type AOD, 1 (25%) patient had 
thoracic spine injury, and 3 (75%) patients had brain injuries 
additionally.
Conclusions: Survival cases with traumatic AOD showed a 
high incidence of associated upper cervical spine injuries and 
brain injuries. High index of suspicion and careful radiologic 
examination are needed to investigate the presence of 
associated upper cervical spine injuries and brain injuries 
in traumatic AOD, which affects treatment, outcome, and 
prognosis.
Keywords: Atlanto-occipital dislocation, Survival, Tubular 
retractor, Upper cervical spine injuries, Brain injuries.

S018

Impact of Anterior Cervical Plating on Serial 
Postoperative Segmental Motion in Patients who 
Underwent Single-level Anterior Cervical Discectomy 
or Corpectomy Fusion

Kwang-Sup Song, Jeongik Lee 

Department of Orthopedic Surgery, Chung-Ang University Hospital, Seoul, Korea

Purpose: To investigate the differences of serial changes 
of interspinous motion (ISM) at operated segment up to 
postoperative-1-year among patients who underwent single-
level ACDF without plating (group I), ACDF with plating 
(group II), and single-level ACCF with plating (group III) 
and to evaluate the predictive factors affecting radiographic 
fusion.
Materials and Methods: The consecutive 510 patients who 
underwent single-level ACDF or ACCF from C3-4 to C7-
T1 at a single center, by three spine surgeons from January 
2008 to January 2018 were retrospectively evaluated. The 
subjects with unavailable medical records and serial dynamic 
postoperative radiographs, fractures, and infectious causes 
were excluded. Total 215 patients were enrolled and they 
were divided into three groups (single-level ACDF without 

plating: group I, single-level ACDF with plating: group II, 
and single-level ACCF with plating: group III). To evaluate 
segmental motion at operated segment, ISM was measured 
on 150% magnified radiographs at postoperative 3, 6, and 12 
months by two surgeons twice. Fusion criteria were defined 
as ISM <1 mm at postoperative 1 year. The medical records 
were reviewed for demographic data, diagnoses and what 
kinds of grafts and implants for fusion were used.
Results: Intra- and inter-observer reliability were all in 
excellent ranges. In all groups, ISM was highest at 3 months 
after surgery and gradually decreased in postoperative-1-year. 
Group II showed significant lower ISM among groups and 
no differences between group I and III. At each follow-up 
interval, only group II showed significantly lower ISM than 
two groups, however, group II and III showed significantly 
reduced ISM at 1 year (p<0.001). In multivariate analysis for 
predictive factors affecting fusion, plating showed powerful 
predictive values (Odds ratio, OR:3.646) and allo-strut graft 
and auto-strut graft showed a greater odds ratio (1.987 and 
1.341) comprared to cage.
Conclusions: Anterior cervical plating over non-plated, 
significantly reduces the ISM at the operated segment from 
early postoperative period and ACCF with plating also 
showed significant reduced ISM at postoperative -1-year. In 
multivariate analysis, plating is the most powerful predictive 
factor for fusion. So, anterior cervical plating is an essential 
procedure to reduce segmental motion from especially early 
postoperative period. Our results question the previous 
reports that non-plated procedures may have a similar fusion 
rate to plated one.
Keywords: Anterior cervical plating, Cervical spine, Fusion, 
ACCF, ACDF
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S019

Fate of Machined Allograft Spacers Used for Anterior 
Cervical Discectomy and Fusion: Classification and 
Clinical Implication of Postoperative Morphologic 
Changes of the Allografts

Jae Jun Yang, Byung-Young Rhyu, Ji-weon Moon

Department of Orthopedic Surgery, Dongguk University Ilsan Hospital, Goyang, Korea

Purpose: Decrease of segmental height due to cage 
subsidence may occur after anterior cervical discectomy 
and fusion (ACDF). When allografts are used instead of 
cages, additional segmental height loss may be caused by 
morphologic changes of the allografts themselves. The 
purposes of this study were to classify the morphologic 
changes of allografts after ACDF and analyze the clinical 
impact. 
Materials and Methods: Forty-five patients (72 segments) 
who underwent single or multi-level ACDF using machined 
allograft spacers with anterior plating were enrolled in this 
study. Postoperative morphologic changes of the allografts 
were classified as 1) no change, 2) bony resorption (>1 mm), 
3) fracture, and 4) fracture with bony resorption, based on 
evaluation using computed tomography (CT) images taken 
in one year after surgery. Subsidence of the allografts (>2 
mm on coronal CT images), pseudoarthrosis, and sagittal 
alignments were assessed. Risk factors of bony resorption 
or fracture of the allografts were evaluated using logistic 
regression analysis. 
Results: Classification of the postoperative morphologic 
changes included 1) no change (31.9%), 2) bony resorption 
(48.6%), 3) fracture (4.2%), and 4) fracture with bony 
resorption (15.3%). Major Bony resorption (>2 mm) was 
observed in 19.5%. In comparison between the types of 
morphologic changes, statistically significant differences 
(p<0.05) were observed in terms of the following factors: 
anteroinferior subsidence (1) 4.3%, 2) 34.3%, 3) 33.3%, 4) 
27.3%, respectively), pseudoarthrosis (1) 21.7%, 2) 42.9%, 
3) 33.3%, 4) 72.7%, respectively), loss of segmental lordosis 
from immediate after surgery to the final follow-up (1) 
1.4°, 2) 3.7°, 3) 3.6°, 4) 4.0°, respectively). Bony resorption 
or fracture of the allografts after ACDF was significantly 
correlated with male gender, pseudoarthrosis, and larger 

anteroposterior size of the allograft.
Conclusions: Bony resorption of machined allograft spacers 
after ACDF is common and may have negative impact on 
surgical outcomes in terms of subsidence, pseudoarthrosis, 
and loss of segmental lordosis.
Keywords: Subsidence, ACDF, Allograft, Spacer, Resorption, 
Fracture

Invited Lecture

Regenerative Medicine for Spinal Cord Injury Using 
IPS Cells or Clinical Significance of Diffusion Tensor 
Imaging as a Prognostic Predictor in Cervical OPLL

Masaya Nakamura 

Keio University, Japan

Management of Upper Cervical Injuries

Masahiko Watanabe

Tokai University, Japan

Asia Spine Forum

Spine Surgery in Hong Kong: Past, Present and 
Future

Wong Nang Man Raymond 

United Christian Hospital, Hong Kong
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Strategies to Overcome the Challenges in 
Management of Neglected and Severe Spine 
Deformities

H.S. Chhabra 

Indian Spinal Injuries Centre , India

Role of Spine Surgery at Orthopaedic and Future 
Expectation in Indonesia 

Zairin Noor 

Lambung Mangkurat University, Indonesia

Clinical Development of Regenerative Medicinal 
Products for Intervertebral Disc Disease in Japan

Daisuke Sakai 

Tokai University, Japan

Ortho and Neuro Spine – Competition or 
Collaboration?

Keith Dk Luk 

The Asia Pacific Spine Society, Hong Kong

Role of Ortho-Spine Surgery and Future 
Expectations in Vietnam

Vo Van Thanh

Trung Vuong Hospital, Viet Nam

Spine Surgery in Singapore

Wong Hee Kit 

National University Hospital Singapore, Singapore

Invited Lecture

Motion Preservation Techniques for the Anterior and 
Posterior Spine - Biomechanical Considerations 

Hans-Joachim Wilke

ULM University, Germany

Nucleus Replacement and Annulus Repair - Ideas 
and limitation 

Hans-Joachim Wilke

ULM University, Germany

Symposium: Cervical 
- Intraoperative Painful Experiences

Vertebral Artery Injury

Min Woo Kim 

Department of Orthopedic Surgery, Dong-A University Hospital, Busan, Korea

Purpose: Vertebral artery (VA) injuries during cervical spine 
surgery are rare with a reported incidence of 0.3% to 0.5%. 
The VA enters the vertebral foramen most commonly at C6 
and courses from anterior and lateral to medial and posterior 
with respect to the vertebral body up to C3. The VA has a 
more variable course in the atlantoaxial region. VA injury 
can be a catastrophic iatrogenic complication of cervical 



Volume 27  •  Number  S1  •  August 2020

www.krspine.orgS14

spine surgery. Although the incidence is rare, it has serious 
consequences including fistulas, pseudoaneurysm, cerebral 
ischemia, and death. It is therefore imperative to be familiar 
with the anatomy and the instrumentation techniques when 
performing anterior or posterior cervical spine surgeries. To 
provide a review of VA injury during common anterior and 
posterior cervical spine procedures with an evaluation of the 
surgical anatomy, management, and prevention of this injury. 
To discuss and share our experience of VA injury.
Materials and Methods: A systematic review of medical 
articles related to VA injury in cervical spine surgery was 
conducted up to and including journal articles published until 
2019. 
Results: Overall, the risk of VA injury during cervical spine 
surgery is low. In anterior cervical procedures, lateral 
dissection puts the VA at the most risk, so sound anatomical 
knowledge and constant reference to the midline are 
mandatory during dissection. With the development and 
rise in popularity of posterior cervical stabilization and 
instrumentation, recognition of the dangers of posterior 
drilling and insertion of transarticular screws and pedicle 
screws is important. Anomalous vertebral anatomy increases 
the risk of injury and preoperative magnetic resonance 
imaging and/or computed tomography (CT) scans should 
be carefully reviewed. If a VA injury occurs, rapid action 
is required to prevent exsanguination or catastrophic 
neurologic injury. Every attempt should be made to repair 
the VA because the contralateral artery may not provide 
sufficient blood flow in spondylotic population. If repair 
is not possible and contralateral circulation is deemed 
adequate, endovascular coiling or primary ligation should be 
performed. Tamponade should be avoided as the definitive 
treatment because of well-known complications.
Conclusions: VA injury during cervical spine surgery is a 
rare but serious complication. It can be prevented by careful 
review of preoperative imaging studies, having a sound 
anatomical knowledge and paying attention to surgical 
landmarks intraoperatively. When a VA injury occurs, prompt 
recognition and management are important.

Esophageal Injury 

Ko Sang Bong

Department of Orthopedic surgery, Daegu Catholic University Medical Center, 
Daegu, Korea

Purpose: Postoperative complications after anterior cervical 
spine surgery include dysphagia, hematoma, vocal cord 
paralysis, dural injury, Horner’s syndrome, and esophageal 
injury. Among them, esophageal injury is rare but fatal 
complication with mortality rate of 6-34%. To investigate 
the causes, diagnosis, and management of esophageal 
perforation, depending on the time of diagnosis.
Materials and Methods: A total of seven patients were 
included in this study. The patients were classified into three 
groups based on esophageal perforation diagnosis time: 
intraoperative (diagnosed during surgery), perioperative 
(diagnosed within 30 days postoperatively), and delayed 
(diagnosed >30 days postoperatively) groups.
Results: In the intraoperative group (N=2), infectious 
spondylitis was the main cause of esophageal perforation. 
Anterior plate and screw removal, followed by posterior 
instrumentation, was performed. The injured esophagus was 
managed by omentum flap repair in one patient and primary 
repair in one patient. In the perioperative group (N=2), 
revision surgery for infection and metal failure were the main 
causes of esophageal perforation. In both cases, food residue 
was drained on the third postoperative day. The injured 
esophagus was managed conservatively. In the delayed group 
(N=3), chronic irritation caused by metal failure was the 
main cause of esophageal perforation. In all patients, there 
was no associated infection. The anterior instrumentation 
was removed, and the two patients were treated by primary 
repair, and one patient was treated using sternocleidomastoid 
muscle flap. One patient in intraoperative group died of 
sepsis.
Conclusions: The main cause of intraoperative esophageal 
perforation was esophageal adhesions because of infectious 
spondylitis. However, perioperative and delayed esophageal 
perforations were caused by chronic irritation because 
of metal failure. Anterior plate and screw removal was 
necessary, and posterior instrumentation and fusion may be 
considered, depending on the fusion status.
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Dural Tear & Neurologic Deficit

Moon Soo Park

Department of Orthopaedic Surgery, Hallym University Sacred Heart Hospital, 
Medical College of Hallym University, Gyeonggi-do, Korea

Purpose: Cervical spine surgery is a commonly performed 
spinal operation with very low complication rates. One rare 
complication of cervical spine surgery is a dural tear. There 
is limited information on the management of dural tear and 
management is on a surgeon-by-surgeon basis. The author 
provides an overview of the dural tear and an update on 
current management strategies. To clarify an incidence, risk 
factors, management, and complications regarding dural tear 
during cervical spine surgery.
Materials and Methods: In reviewing literature about the dural 
tears during cervical spine surgery, we categorized several 
components, including incidence, risk factors, management, 
and complications. 
Results: The incidence of intraoperative dural tear is 2.7% in 
cervical surgery, and 6.3% in anterior cervical operation for 
OPLL (ossification of the posterior longitudinal ligament). 
Several risk factors attributing dural tear after cervical 
surgery have been shown, including older age, female 
gender, combined comorbidities including rheumatoid 
arthritis, OPLL, cervical deformity, longer operative time, 
multiple surgical levels, corpectomy, revision laminectomy, 
the use of rongeur, and others. The management includes 
primary repair, the combined use of free muscle graft, fibrin 
glue, Gelfoam and Duragen and subarachnoid catheter 
for a lumbar shunt. The complications are a headache, the 
infection of meningitis, arachnoiditis and epidural abscess 
following dural tear, pseudomeningocele, neurologic 
deterioration, hydrocephalus, and CSF fistula. 
Conclusions: Addressing the risk factors preoperatively and 
focusing on intraoperative management and postoperative 
complications is important.

Cervicothoracic Junctional Approach

Jong Min Baik
Department of Orthopaedic Surgery, Gil Medical Center, Gachon University 
College of Medicine, Incheon, Korea  

Purpose: Surgical approaches to the cervicothoracic junction 
often involve difficult dissection resulting from the close 
proximity of major vascular structures. The great vessels, the 
sternum, and the clavicle often limit accessibility during the 
procedure. The three most common indications for surgical 
intervention at the cervicothoracic junction are infections, 
neoplasms, and fractures. To adequately explore the anterior 
spine from C4 to T4 requires a midsternotomy with extended 
anterior cervical incision. This approach most adequately 
provides the extensive cranial-caudal exposure required 
in dealing with infections, neoplasms, and fractures at the 
cervicothoracic junction. 
Materials and Methods: The posterior surgical approaches, 
as the laminectomy or the arthro-pediclectomy, fail to 
expose the anterior spinal elements. Thus, further surgical 
approaches have been proposed: postero-lateral, antero-
lateral (thoracotomies) and purely anterior. 
Results: Care must be taken when using anterior or antero-
lateral approach so as not to injure the recurrent laryngeal 
nerve or the brachiocephalic vessels. When using the 
sternal splitting approach, it is important to keep in mind 
that it adds marked morbidity risk with the potential for a 
sternal wound infection. The transthoracic approach uses a 
proximal thoracotomy with removal of the third or fourth rib. 
Exposure to the first four thoracic ribs is adequate with this 
technique, but access to the lower cervical vertebrae can be 
difficult. Other complications associated with this approach 
are the added morbidity related to lung manipulation and 
the potential for Horner’s syndrome resulting from damage 
to the sympathetic chain. In general, neurologic results 
depend largely on the patient’s preoperative status and their 
underlying disease process. Postoperative complications, 
such as shoulder dysfunction, hardly ever occur, and 
swallowing dysfunction is usually short lived. A positive 
outcome is that some patients can achieve as much as a 20° 
correction of kyphosis.
Conclusions: The CTJ represents a unique region in the spine 
because of its biomechanical properties. It is also a difficult 
region to access anteriorly because of the vital structures 
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ventral to the CTJ. The development of new surgical 
techniques and new instrumentation has allowed better 
access and fixation to the CTJ.

Symposium: Cervical 
- Postoperative Painful Experiences

Retropharyngeal Hematoma and Management

Jong-Beom Park

Department of Orthopaedic Surgery, The Catholic University of Korea College of 
Medicine, Seoul, Korea

Purpose: Retropharyngeal hematoma is a rare but potentially 
life-threatening complication of anterior cervical spine 
surgeries. Challenging situations might be confronted and 
catastrophic events or even deaths still occurred occasionally 
during the treatment. To suggest early diagnosis and 
management of retropharyngeal hematoma so as to save the life 
of the patients.
Materials and Methods: We present several cases of retropharyngeal 
hematoma and to discuss the management.
Results: Complications that can cause airway compromise 
occur infrequently, but can rapidly lead to respiratory arrest, 
leading to severe morbidity or death. 
Conclusions: Knowing emergent post-operative airway 
management including surgical airway placement is critical. 
High index of suspicion is very important to diagnose and 
manage retropharyngeal hematoma promptly.

Dysphagia and Dysphonia

Woo-Kie Min 

Department of Orthopaedic Surgery, Kyungpook National University Hospital, 
Daegu, Korea

Purpose: Dysphagia and dysphonia are common complications 
after anterior cervical spine surgery (ACSS); However, there 
are few reliable clinical studies regarding prevalences, risk 

factors, measuring tools of dysphagia and dysphonia. To 
introduce the risk factors of anterior cervical spine surgery on 
swallowing and vocal function and how to prevent dysphagia 
and dysphonia.
Materials and Methods: Medical records through the pubmed 
of 19 most reliable papers between 2012 and 2019 were 
retrospectively reviewed. We summarized and present the 
etiology, risk factors, measurement tools and how to avoid 
dysphagia and dysphonia including our own experiences.
Results: Risk factors are age (>60 yrs), blood loss (>300 mL), 
female, larger less smooth plate, operative levels, increased 
op time, excessive esphageal retraction pressure, revision 
surgery, smoking and postoperative prevertebral soft tissue 
swelling. We present the sequential peri-intraoperative steps 
for reducing dysphagia and dysphonia.
Conclusions: ACSS is a safe surgical procedure but careful 
investigation and management are needed for reducing 
dysphagia and dysphonia. Also, team approach is inevitable 
to manage those problems.

Postoperative Surgical Site Infection

Gun Woo Lee
Department of Orthopaedic Surgery, Yeungnam University College of Medicine, 
Yeungnam University Medical Center, Daegu, Korea

Purpose: Postoperative surgical site infection (SSI) after 
cervical spine surgery is uncommon condition, regardless 
of approach side and metal implantation. However, its 
morbidity and mortality is relatively higher, respectively 
20% and 0.1-10%. To clarify an incidence, risk factors, 
complications, and other important issues regarding surgical 
site infection after cervical spine surgery.
Materials and Methods: In reviewing literature about postoperative 
SSI after cervical spine surgery (anterior and/or posterior 
surgery), we categorized several components, including 
incidence, morbidity and mortality, risk factors, complications, 
and others. 
Results: The incidence of postoperative SSI is less than 1% 
in anterior cervical surgery and to 3% in posterior cervical 
surgery. The SSI is more prone in implanting hardware such 
as metal plate and PEEK cage. SSI has relatively higher 
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morbidity and mortality rate, respectively approximately 
20% and up to 10%. In particular, SSI after anterior cervical 
surgery has more possibility of morbidity and mortality, 
rather than one of posterior cervical surgery, since SSI after 
anterior surgery is greater associated with injury of vital 
organ or lethal complications. Several risk factors attributing 
SSI after cervical surgery have shown, including diabetes, 
prolonged surgical time, obese patient, malnutrition, and 
others.
Conclusions: We should keep in mind that surgical site 
infection after cervical spine surgery is uncommon, but 
completely lethal condition. Thus, addressing the risk factors 
preoperatively and focusing intraoperative and postoperative 
factors is critical for minimizing presence of postoperative 
surgical site infection.

Pseudoarthrosis Diagnosis and Management

Jae Jun Yang 

Department of Orthopaedic Surgery, Dongguk University Ilsan Hospital, Goyang, 
Korea

Purpose: Pseudoarthrosis after anterior cervical surgery 
occurs and may be a cause of postoperative symptoms 
and revision surgery. Therefore, understanding the most 
appropriate detection method and treatment plan based on 
it is important. To present updated information regarding 
diagnosis and management of pseudoarthrosis after anterior 
cervical spine surgery
Materials and Methods: review of the literature
Results: Establishing a solid fusion after anterior cervical 
spine surgery is not only a desirable endpoint of the 
intervention, but also can help guide patient activities, 
or provide reassurance and potential explanation for any 
ongoing symptoms. Overall incidence of pseudoarthrosis 
after anterior cervical discectomy and fusion is 2.6% (0-
15.2%). The pseudoarthrosis is more common in multiple-
level interbody fusion, especially in the caudal-most operated 
level. Patients with the pseudoarthrosis detected 1 year after 
surgery can be observed without any intervention because 
about 70% of them finally fuse by 2 year after surgery. The 
pseudoarthrosis can result in symptoms including neck 

pain and reoperation might be indicated for symptomatic 
pseudoarthrosis without improvement with at least 6 months 
of non-operative treatment. For radiological diagnosis of 
pseudoarthrosis, flexion-extension radiographs using the 
interspinous process method (< 1 mm motion difference, 
magnified 150%) can be used as the initial method of choice. 
Computed tomography (CT) is a useful method, especially 
when radiographical evaluation is indeterminate. Bone 
bridging outside the graft on CT may be more reliable and 
accurate for evaluation of fusion than bone bridging inside 
the graft.
Conclusions: Assessment of pseudoarthrosis is one of the 
critical goal of follow-up after anterior cervical spine surgery. 
Related symptoms as well as potential reoperation plan might 
be considered based on radiological diagnosis using the 
interspinous process method with <1mm motion difference 
and CT scan.  

Cervical IV

S020

Mechanical Complications of Multilevel Posterior 
Cervical Fusion -Depending on Caudal Fusion Level 
C7 or T1-

Sang-Jun Park, Kyung-Soo Suk, Hak-Sun Kim, 
Hwan-Mo Lee, Seong-Hwan Moon, Byung-Ho Lee, 
Ji-Yong Park, Christine Dizon Agustin

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea

Purpose: Mechanical complications after long level posterior 
cervical fusion is not infrequent. However, there has been 
few reports concerning the mechanical complications after 
multilevel posterior cervical fusion. The objective of this 
study was to identify any differences in complications 
depending on the level of caudal fusion used; C7 or T1.
Materials and Methods: Eighty-two patients who had undergone 
three or more level posterior cervical fusion combined with 
anterior fusion were evaluated and monitored for at least 2 year. 
The patients were divided into 2 groups based on the levels of 
caudal fusion chosen - C7 or T1. Each patient was evaluated 
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at 6 weeks, 3, 6, 9 months and 12 months after the surgery. 
At each evaluation, both clinical outcomes (e.g. subjective 
improvement rate, neck pain VAS, arm pain VAS, NDI, JOA 
score, and complications) and radiological outcomes (e.g. C1-2 
lordosis, C2-7 lordosis, C2-7 sagittal vertical axis (SVA), and 
T1 slope) were reviewed. 
Results: Overall there was no material difference in clinical 
outcomes of the two groups. The incidence of complications 
was higher though in the group C7 (13% 6/45) than in the 
group T1 (2.7% 1/37), (p=0.071), although this difference 
was not statistically significant. The overall complication 
rate was 8.5% (7/82). In the group C7, 5 patients had 
complication of compression fracture in C7 and 1 patient had 
spondylolysis in C7. In the group T1, 1 patient experienced 
breakage of the pedicle screw metal in T1. Other radiological 
outcomes were similar between the two groups. 
Conclusions: This study showed that mechanical complication 
occurred more and earlier in the C7 fusion group than in 
the T1 fusion group. Based on the results of the study, we 
recommend distal fusion extends to T1. 
Keywords: Cervical spine, Cervical myelopathy, Cervical 
sagittal alignment, Posterior cervical fusion, Complication

S021

Vertebral Body Rotational Osteotomy for 
Decompressing an Eccentrically Protruded 
Ossification of the Posterior Longitudinal Ligament: 
Technical note and Case Series

Sehan Park, Dong-Ho Lee, Chang Ju Hwang, 
Jae Hwan Cho, Jae Woo Park, Choon Sung Lee,  
Jae-Hong Park, Suk-Kyu Lee, Kook-Jong Kim

Department of Orthopedic Surgery, University of Ulsan College of Medicine, Asan 
Medical Center, Seoul, Korea

Purpose: Vertebral body sliding osteotomy (VBSO) has been 
reported as a technique to achieve anterior decompression 
caused by ossification of posterior longitudinal ligament 
(OPLL). The main advantage of the procedure is the 
decreased incidence rate of complications such as dura 
tear, implant dislodgement, and pseudarthrosis, which are 
prevalent during anterior cervical corpectomy and fusion. 
We introduce vertebral body rotational osteotomy (VBRO) 

which is a modification of previously reported vertebral 
body sliding osteotomy to achieve further decompression for 
eccentrically protruded OPLL mass. This study is designed 
to evaluate efficacy and safety of the technique and describe 
the procedures.
Materials and Methods: VBRO was performed by rotating 
the mobilized vertebral body as well as translating anteriorly 
as done in VBSO. Patients were evaluated radiographically 
with plain and dynamic cervical radiographs and pre- and 
postoperative computed tomography images. The surgical 
outcomes were also evaluated according to the Japanese 
Orthopaedic Association score for cervical myelopathy 
(C-JOA score) and neck pain/arm pain visual analogue 
scale (VAS) scores. 5 patients who underwent VBSO were 
evaluated. Clinical characteristics, estimated blood loss, 
operation time, and surgical complications were recorded. 
Radiological measurements were performed to analyze (1) 
canal occupying ratio, (2) OPLL mass anterior sliding, and (3) 
improvement of cervical lordosis.
Results: The average spinal canal compromised ratio by 
OPLL decreased from 49.5-6.2% preoperatively to 10.5-
10.5% postoperatively. Cervical lordosis improved from -2.4 
degrees preoperatively to -8.4 degrees postoperatively. There 
were no perioperative complications, including neurological 
deterioration, vertebral artery injury, esophageal injury, graft 
dislodgements, and dura tear. The neck pain/arm pain VAS 
and C-JOA scores improved postoperatively.
Conclusions: VBRO is a modification of VBSO, which 
involves rotating the vertebral body as well as anterior 
translation. 
Keywords: Ossification of the posterior longitudinal ligament, 
Vertebral body rotational osteotomy, Vertebral body sliding 
osteotomy, Cervical myelopathy, Spinal canal widening, 
Anterior decompression surgery
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S022

Posterior Fusion Surgery Only is Inferior to Combined 
Anterior-posterior Fusion for the Patients of Cervical 
Myelopathy with Athetoid-type Cerebral Palsy

Gun Woo Lee, Jong-Uk Mun*, Myun-Whan Ahn†  

Department of Orthopedic Surgery, Yeungnam University Medical Center and 
Yeungnam University College of Medicine, Daegu, Korea 
*Department of Orthopaedic Surgery, Daedong Hospital, Busan, Korea
†Department of Orthopedic Surgery, Yeungnam University Medical Center, 
Daegu, Korea

Purpose: Instrumented fusion surgery with sufficient 
decompression has been regarded as a gold standard for 
surgical treatment of cervical myelopathy (CM) with athetoid 
type-cerebral palsy (aCP). Thus, most surgeons agree that 
strong fixation as possible is essential for surgery of aCP-
CM, but choice of appropriate surgical modality is still 
not consensual. In the current study, we aimed to compare 
the clinical, radiological and surgical outcomes between 
combined anterior-posterior (A-P) instrumented fusion and 
posterior fusion only in aCP-CM patients. 
Materials and Methods: Between February 2006 and August 
2018, 68 patients underwent surgical decompression and 
fixation for CP-CM. Among them, 59 patients who met study 
criteria enrolled in the study, that 37 patients had posterior-
only fusion surgery (group A, Posterior fusion only), and 
remained 22 patients had A-P instrumented fusion (group 
B, A-P fusion). The primary outcome measure was fusion 
rates on the surgical segments at the 1-year postoperative 
time point. Secondary outcome measures were the clinical 
outcomes, radiologic outcomes, and surgical outcomes 
according to each surgical modality. 
Results: The patients were similar between the groups with 
respect to demographic characteristics such as age, sex, 
smoking status, body mass index, preoperative pathology, 
type of CP, and surgical segments. Solid fusion was achieved 
at 62% (23/37) in group A and 78% (17/22) in group B 
(p=0.03). Clinical outcomes had slightly better in group 
B than those in group A, but there was not significantly 
different (p=0.10). Radiologically, there were significantly 
different between groups. In particular, screw loosening and 
revision surgery rate were greater in group A than in group B 
(p=0.01 and 0.04, respectively). 

Conclusions: In athetoid CP-induced cervical myelopathy, 
A-P fusion surgery would lead to greater postoperative 
outcomes than posterior only fusion surgery.
Keywords: Cerebral palsy, Athtoid type, Cervical myelopathy, 
Posterior fusion, Anterior-posterior fusion, Outcomes

S023
 
Is steroid Necessary for Transforaminal Epidural 
Block in Patients with Cervical Radiculopathy?

Seong-Min Kim, Hyo-Won Chang, Woo-Kie Min,  
Young-Seo Choi, Young-Soo Jung

Department of Orthopedic Surgery, Kyungpook National University Hospital, 
Daegu, Korea

Purpose: The purpose of this study was to evaluate the effect 
of steroid on the clinical outcomes of cervical transforaminal 
epidural block in patients with cervical radiculopathy. 
Material and Methods: We retrospectively reviewed the medical 
records of patients with cervical radiculopathy who underwent 
cervical transforaminal epidural block from January 2017 to 
October 2019. The subjects were divided into two groups, 
which were used as lidocaine alone(group I), and those who 
received both lidocaine and steroids(Group II). The patients 
received one injection before the primary outcome evaluation, 
and the second evaluation performed 6 weeks after the first 
injection. The primary outcomes were the Visual analogue 
scale(VAS) and neck disability index(NDI) in which scores 
range from 0 to 50, with higher scores indicating greater self-
rated disability. The Mann-Whitney U test was used to compare 
and analyze the NDI and VAS of the two groups. The chi-
square test was used for gender.
Results: There were 17 patients in group I and 18 patients in 
group II. There were no significant differences in age and 
gender between the two groups. After 6 weeks of cervical 
transforaminal epidural block, VAS decreased from 7.5±1.1 
to 3.7±0.6 and NDI decreased from 33.3±3.8 to 16.9±1.9 in 
group I. VAS decreased from 7.8±1.2 to 3.3±1.2 and NDI 
decreased from 35.7±4.2 to 16.7±2.3 in group II. There were 
no significant differences between two groups in the VAS 
and NDI (p=0.287, p=0.832).
Conclusions: In the treatment of cervical radiculopathy, 
transforaminal epidural block with lidocaine and steroid 
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offered minimal or no benefit as compared with injection of 
lidocaine alone in the short term.
Keywords: Cervical radiculopathy, Cervical transforaminal 
epidural block, Steroid

MISS I

S024

Insidious Pneumoperitoneum After Minimally 
Invasive Oblique Lumbar Interbody Fusion

Kook Jong Kim, Chang Ju Hwang, Dong Ho Lee, 
Choon Sung Lee, Jae Woo Park, Jae Hwan Cho,  
Suk Kyu Lee, SeHan Park, Jae Hong Park

Department of Orthopedic Surgery, Asan Medical Center, Seoul, Korea

Purpose: Oblique lateral interbody fusion (OLIF) is a surgical 
technique that approaches the disc space of the lumbar line 
via anterior oblique retroperitoneal approach. Visceral injury 
is rare complication of OLIF, and incidence rate is reported 
to be less than 1%. The purpose of this study is to report on 
the pneumoperitoneum cases after OLIF. 
Materials and Methods: This is a retrospective review of 90 
patients who underwent an OLIF approach from 2018 to 2019. 
All operations were performed by two surgeons. Abdominal 
CT scan was taken in all patients within 3 days after surgery to 
confirm the visceral injury or pneumoperitoneum. 
Results: Among the ninety patients, 5 patients were diagnosed 
with pneumoperitoneum by abdominal CT. No obvious 
visceral injury was observed in the CT of five patients 
diagnosed with pneumoperitoneum. In one patients, CT scan 
with oral contrast was performed as a recommended by the 
radiologist, and there was no bowel leak in the GI tract. Of 
the five patients, one patient had no subjective symptoms and 
abnormal findings in the physical exam. Other four patients 
has mild abdominal discomfort, however, no abnormal 
findings observed in the physical exam. All five patients had 
improved symptoms without treatment and were discharged. 
Conclusions: The occurrence of visceral injury after OLIF 
has been considered rare. However, in this study, five out 
of ninety patients were diagnosed with pneumoperitoneum 

via abdominal CT, and these five patients were not the 
significantly different from patients who complained of 
postoperative general pain. These findings suggest that 
intraoperative unrecognized peritoneal damage may occur 
with more frequently than has been known. Surgeons should 
use more caution when exposing the retroperitoneal space 
and installing a retractor to avoid damage to the peritoneum. 
Keywords: OLIF, Complication, Visceral injury, Bowel injury, 
Pneumoperitoneum

S025

Advantage of Single-Position Oblique Lumbar 
Interbody Fusion with Percutaneous Pedicle Screw 
Instrumentation

Eugene J. Park, Sang-Bum Kim 

Department of Orthopedic Surgery, Chungnam National University Hospital, 
Gwangju, Korea

Purpose: To evaluate the technical feasibility and advantage 
of single-position oblique lumbar interbody fusion (OLIF) 
and the subsequent clinical and radiologic outcomes.
Materials and Methods: Among the 87 patients that underwent 
OLIF from January 2017 to January 2019, those that with 
single-level pathology and followed up for at least a year were 
enrolled. Deformity, stenosis due to trauma, and patients that 
underwent additional direct posterior decompression were 
excluded. Patients were divided into those that underwent the 
whole surgical procedure on lateral position (Group A) and 
those that underwent cage insertion on lateral position and 
subsequent percutaneous pedicle screw fixation after changing 
the patient to prone position (Group B). Demographics, 
operative and anesthesia time, clinical outcome, and 
postoperative complication were compared between the two 
groups.
Results: Total of 30 patients were enrolled in this study, 20 
patients in Group A and 10 patients in Group B. The mean 
age, sex ratio, and index level did not differ between the 
two groups (p>0.05). The preoperative diagnosis included 
degenerative and isthmic spondylolisthesis, and foraminal 
stenosis. The mean operative and anesthesia time were 152.5 
and 107 minutes in Group A, and 239.5 and 174.75 minutes 
in Group B, respectively. Clinical outcome of VAS back 
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and leg did not show significant difference between the two 
groups. No complication including pedicle screw malposition 
occurred in both groups.
Conclusions: Single-position OLIF on lateral position is a 
feasible procedure that can decrease operative and anesthesia 
time without complication compared to the conventional 
position changing method.
Keywords: Oblique lumbar interbody fusion, Pedicle screw, 
Operative time, Anesthesia, Postoperative complication

S026

Endoscopic Biportal Foraminotomy and Discecotmy 
in Patients with Cervical Disc Disorder

Seok-Bong Jung, Nackhwan Kim* 

Department of Orthopedic Surgery, Jinju Bon Hospital, Jinju, Korea 
*Department of Orthopedic Surgery,  Korea University Ansan Hospital, Seoul, Korea

Purpose: There have been considerable attempts at endoscopic 
approaches for the surgical treatment of cervical spinal stenosis 
and disc herniation. However, few reports have been existed on 
the trials of foraminotomy and discectomy using a two-portal 
endoscopy. This report describes short-term clinical results 
of posterior percutaneous biportal endoscopic discectomy or 
foraminotomy in patients with cervical disc herniation.
Materials and Methods: 29 patients, who had a diagnosis of 
herniated disc and related symptom, underwent the operation. 
This technique was provided with a 30° oblique arthroscope 
and conventional instruments for cervical spine surgery. 
Through the dorsal arpproch,the vieiwng portal was inserted 
by 10-20° to facet joint, and a working portal was inserted 
into it by about 20 degrees. With this method, effective 
removal of the herniated tissue and sufficient foraminotomy 
is possible through direct access to the paracentral and 
subarticular region by cutting the facet joint from medial 
border of the facet to lateral half via dorsal approach. In 
a right lesion, standing on the right side of the patient, we 
gripped the working or distal portal with the left hand to 
reduce laminar bone loss. We evaluated the short-term results 
of subjects, about one or two weeks postoperatively. Primary 
outcome was analyzed by using visual analogue scale (VAS) 
on posterior neck and upper extremity pain, and secondary 

outcome measure was a motor power change of affected 
myotomes.
Results: 29 patients (male=18, female=11, median age=55 
years) had 11 months symptomatic duration on median value. 
And the level of disc was C3/4 of one, C4/5 of two, C5/6 
of eight, C6/7 of sixteen and C7/T1 of two. The VAS was 
significantly decreased after the operation: 7 to 1 on posterior 
neck VAS, and 8 to 1 upper extremity VAS on median 
value (p<0.05). The motor power of cervical myotomes 
improved more than one grade on MRC grading (p<0.05). 
No significant complication was found. 
Conclusions: Two-portal endoscopic approach can be 
performed efficiently and safely in patients with cervical 
disc herniation because of the wide and familiar field of 
visualization.This technique may be one of the effective 
and optimal minimal-invasive procedure for cervical disc 
disorder. 
Keywords: Minimal invave, Cervical disc herniation, Biportal 
endoscopic, Arthroscope

S027
 
Combination of Oblique Lumbar Interbody Fusion 
(OLIF) with Biportal Endoscopic Spinal Surgery 
(BESS) for Lumbar Spinal Stenosis: Comparison 
with Conventional open Transforaminal Lumbar 
Interbody Fusion (TLIF)

Ho-Jin Lee, Eugene Park*, Jae-Sung Ahn, Sang Bum Kim 

Department of Orthopedic Surgery, Chungnam National University Hospital, 
Daejeon, Korea 
*Department of Orthopedic Surgery, Kyungpook National University Hospital, 
Daejeon, Korea

Purpose: Oblique lumbar interbody fusion (OLIF) decompresses 
the spinal canal indirectly and effectively by disc height 
restoration and the unbuckling of ligamentum flavum 
due to inserting a high profile cage. However, in certain 
cases of severe central canal stenosis or concomitant disc 
herniation with stenosis, OLIF alone is not an appropriate 
procedure to treat. For such cases, we added direct posterior 
decompression using biportal endoscopic spinal surgery 
(BESS) selectively depending on the severity of stenosis 
after OLIF procedure as a combined technique of minimally 
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invasive surgery. We compare the clinical outcome of a 
combined technique of OLIF with BESS to conventional 
open transforaminal lumbar interbody fusion (TLIF) for 
severe lumbar spinal stenosis.
Materials and Methods: Forty patients that underwent surgical 
treatment for lumbar spinal stenosis were enrolled. Patients 
underwent either combination of OLIF with BESS or open 
TLIF, and were divided into two groups according to the 
procedure; Group A for OLIF with BESS and Group B for 
TLIF. The operative time, estimated blood loss, clinical 
outcomes, and complication had been evaluated. Clinical 
outcomes of Visual Analog Scale scores, Oswestry Disability 
Index, Roland Morris Disability Questionnaire, and modified 
Macnab criteria were each measured preoperatively and on 
the final follow-up of at least one year after surgery.
Results: Both groups each consisted of 20 patients. The 
estimated blood loss per level of Group A was 166.36±93.40 
ml, and Group B was 435.15±242.97 ml, and which 
difference was statistically significant (p=0.028). In Group A, 
all clinical outcome parameters improved significantly after 
surgery compared to preoperative status (p<0.05), and which 
results did not differ significantly compared to Group B. In 
addition, no complications occurred in both groups.
Conclusions: A combination of OLIF with BESS can be an 
effective alternative treatment option of TLIF for severe 
lumbar spinal stenosis.
Keywords: Oblique lumbar interbody fusion, Biportal 
endoscopic spinal surgery, Transforaminal lumbar interbody 
fusion

MISS II 

S055
 
Mid-term Clinical and Radiological Outcomes in 
Minimal Invasive Scoliosis Surgery

Jae Hyuk Yang, Seung Woo Suh, Dong-Gune Chang*

Department of Orthopedic Surgery, coliosis Research Institute, Korea University, 
Guro Hospital, Seoul, Korea 
*Department of Orthopedic Surgery, Inje University, Sanggye Baek Hospital, 
Seoul, Korea

Purpose: Considering characteristics of adolescent idiopathic 
scoliosis surgery, it is essential to confirm the mid-term 
clinical and radiologic outcomes to verified the usefulness of 
new surgical technique. This study was designed to evaluate 
radiologic and clinical outcomes of minimal invasive 
scoliosis surgery (MISS) during Mid-term follow-up period
Materials and Methods: 35 patients who underwent surgery 
for idiopathic scoliosis in 2014 were enrolled. All patients 
underwent surgery using MISS surgery technique, and none 
of them were missing during follow-up. Preoperative CT 
and radiographic evaluation were performed to evaluate 
type and amount of curve and associated rib deformity. The 
maintenance of correction and decompensation of curve 
were evaluated with radiography. In order to confirm the 
union after bone graft, we tried to check direct fusion sign 
like fusion mass and indirect non-fusion signs such as screw 
loosening, breakage and rod breakage etc. The clinical 
evaluation was performed with SRS-22 questionnaire. 
Results: The mean follow-up period was 60.9 months. The 
average skin incision was 2.9 (2-4). The average fusion level 
was 11.2 (9-14 levels) and the operation time was 6.5 (3.8-
12 hours). The average blood loss during surgery was 966 
ml (170-2,000 ml). There was relatively lots of blood loss in 
the early stages (case number 1-29), but blood loss become 
decreased to 481ml in which non-transfusion operation can 
be possible (case number 30-35). The average length of 
stay in the hospital was 12days. Cobb angle was corrected 
from 61.3° to 21.6°, and thoracic vertebra was corrected 
from 32.6° to 33.3°. There was no neurologic deficiency at 
the time of discharge. Infection was detected in one case 
as an early complication, and treated without sequelae. At 
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the last follow-up, the cobb angle and thoracic kyphosis 
were maintained as 22.7° and 33.8°. there was no statistical 
difference between immediate and final follow-up outcomes 
(p>0.05). There was no screw breakage but loosening was 
confirmed in one case. CT scan showed infection and abscess 
formation around the loosened screw. Revision surgery was 
performed. There was no statistically significant difference 
between immediately and the final follow-up patient’s 
satisfaction (p>0.05).
Conclusions: The MISS technique for adolescent idiopathic 
scoliosis was considered to be useful in view of radiologic 
and clinical patient satisfaction in mid-term follow-up. 
Keywords: Spine, Scoliosis, Adolescent idiopathic scoliosis, 
Minimal invasive scoliosis surgery

S056

Long-term Clinical and Radiological Outcomes 
of Minimally Invasive Transforaminal Lumbar 
Interbody Fusion: 10-year Follow-up Results

Hyeungkyu Cho, Jae Chul Lee, Youngho Roh, 
Dae woong Kim, Sung-Woo Choi, Tae wook Kang, 
Deokwon Kang, Byung-Joon Shin

Department of Orthopaedic Surgery, Soonchunhyang University College of 
Medicine, Seoul, Korea

Purpose: The aims of the current study were to evaluate 
the long-term clinical and radiologic results of minimally 
invasive transforaminal lumbar interbody fusion (MIS-TLIF) 
for degenerative lumbar disease. 
Materials and Methods: We reviewed the medical records and 
radiolographs of 23 patients who were followed up for more 
than 10 years (average, 10.6 years) after MIS-TLIF. Clinical 
outcomes included the Oswestry disability index (ODI), and 
visual analog scale (VAS) scores for back pain (BP), and leg 
pain (LP). Radiological outcomes included adjacent segment 
degeneration (ASDeg) and fusion rate. We evaluated fusion 
rates using the modified Bridwell classification, and ASDeg 
was defined as grade 2 or more disc degeneration by the 
University of California at Los Angeles (UCLA) Grading 
Scale. We analyzed clinical outcomes between ASDeg group 
and normal group using the generalized estimation equation 
(GEE).

Results: Our patients had a mean age of 54.3±12.2 years. 
The overall radiographic successful fusion rate defined by 
Bridwell grade 1 or 2 was 73.94%, 90.8% and 91.3% at the 1 
year, 5year, and 10 year follow-ups, respectively. ASDeg was 
observed on upper adjacent segment in 1 (4.3%), 3 (15.8%), 
and 6 (34.8%) at the 1 year, 5year, and 10 year follow-ups, 
respectively, and ASDeg was observed on lower adjacent 
segement in 1 (5.0), 3 (20.0%), and 8(42.1%), respectively. 
So, the patients who have ASDeg on upper or lower adjacent 
segement was rated in 4.3%, 21.1%, 52.2%, respectively. 
Clinical results showed that lower back pain improved 
significantly from mean VAS 4.1 to 2.0 at 1 year follow-up 
and was well maintained as VAS 1.8 at 5 year and VAS 2.7 at 
10 year. Leg pain improved significantly from mean VAS 6.7 
to 0.8 at 1 year follow-up and was well maintained as VAS 2.3 
at 5 year and VAS 2.3 at 10 year. The mean ODI improved 
significantly from 22.6 to 8.8 at 1 year follow-up and well 
maintained as 10.6 at 5 year and 13.2 at 10 year. ODI and 
LP was significantly greater in ASDeg group comparing to 
normal group at each follow-up periods by GEE analysis 
(p<0.001, p=0.009). However, BP was not significantly 
influenced by the presence of ASDeg (p=0.379). 
Conclusions: The outcome of MIS-TLIF is good for patients 
with lumbar degenerative disease. Both clinical and 
radiological outcomes were sustained up to 10 years. Clinical 
outcome was significantly worse in ASDeg group comparing 
to normal group during the follow-up periods
Keywords: Minimally invasive TLIF, 10 years, Degenerative 
lumbar disease, Long term follow up

S057

Mid-Term Surgical Outcomes of Minimally Invasive 
Robotic Assisted vs Open Transforaminal Lumbar 
Interbody Fusion: A Single Centre Cohort Study

Vigneshwara M. Badikillaya, Muralidharan Venkatesan, 
Keyur Akbari, Sajan K Hegde

Apollo Institute of Spine Surgery, India

Purpose: Recent years have been marked by efforts to 
improve the quality and safety of pedicle screw placement in 
spinal instrumentation. Use of a novel computed tomography 
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-based robotic arm provides for live image-guided surgery, 
which augments existing MIS approaches and improves the 
accuracy of instrumentation. There is paucity of literature 
reporting outcome of robotic assisted MIS VS OpenTLIF. 
We report the mid-term surgical outcome of the largest series 
comparing Robotic assisted Vs standard open TLIF. 
Materials and Methods: Retrospective analysis of two cohorts 
of consecutively treated patients with Robotic assisted MIS 
Transforaminal Lumbar Interbody Fusion (TLIF) (Group 
A; 158 patients, 632 screws) and free hand open TLIF 
(Group B; 160 patients, 640 screws) from Jan 2012 to Dec 
2014 with minimum 4 years follow up. In both group TLIF 
were performed on patients with Stenotic spondylolisthesis 
and Degenerative Disc Disease with radiculopathy. The 
primary outcome measure was accuracy of screw placement 
(Rampersaud et. al) and Adjacent Segment Degeneration. 
Secondary parameters were operation time, blood loss, 
length of stay, ODI and VAS.
Results: In Group A, Grade A was observed in 630 
screws(99.68%%).The remaining screws were graded B 
(n=2 [0.32%]).Group B, screws graded A was found in 
614 screws (95.93%).The remaining screws were graded 
B (n=12 [1.8%]), C (n=9 [1.4%]) and D (n=5 [0.7%]).The 
comparison of “clinically acceptable” screws was different 
between groups (A vs B [p=0.001]) Blood loss was lower in 
the robot-TLIF group than in the Open TLIF group, while 
duration of surgery and length of stay was not statistically 
different. Symptomatic ASD in group A was 0 compared to 3 
cases in group B (p-0.0421). Both groups showed significant 
improvement in VAS and ODI at 4 year follow-up with no 
statistically significant difference between groups.
Conclusions: In our study we conclude the accuracy of 
pedicle screws were better in robotic TLIF group and at 
4 years follow up had reduced rates of ASD with similar 
improvement in ODI and VAS in both groups.
Keywords: Robotic assisted spine surgery, TLIF, ODI, VAS, 
ASD, Minimally invasive

S058
 
Clinical Results after Paraspinal Approach by 
Unilateral Biportar Surgery in Lumbar Foraminal 
Stenosis

Seung Deok Sun

Department of Orthopedic Surgery, Sun’s Orthopedics, Seoul, Korea

Purpose: Foraminal stenosis has been operated with open 
approach or lumbar interbody fusion was chosen for treatment. 
Approaching to foraminal area is difficult. Currently unilateral 
biportal surgery are developing and easy access is possible 
to foraminal space. we would like to report clinical results of 
biportal spine surgery for foraminal stenosis.
Materials and Methods: From January 2017 to May 2019, 
operations for patients with foraminal stenosis were 
performed.Patients were preoperatively diagnosed by X 
ray and MRI scanning. Dermatome involvement, VAS, 
ODI were checked. Patients were divided into upper single 
segment group, L5-S1 segment group and combined group. 
There were 2 or more foraminal stenosis or central stenosis 
in combined group. Only one segment of the lesion was 
operated on single group and L5-S1 segment group. Two or 
more level operations were performed in combined group. 
Operative time was checked for all operations. After 3 
months postoperatively, symptom improvement, VAS, ODI 
were confirmed.
Results: Twenty-seven patients are analysed. The mean age 
of the patients was 65 ±8. Operation levels were decided 
by preoperative symptoms, X ray and MRI analysis. The 
cases are divided to 3 groups. upper monosegment group 
(L3, L4 root), Lumbosacral canal stenosis group( L5 root 
involvement) and combined group( foraminal and foraminal 
or central stenosis) The average operation time was 58 + 
-25 minutes for one level, 70±30 min in the case of L5-
S1 and 150±45 min for the combined group. The average 
surgical sites of the combined group were 2.5 sites. The 
mean leg VAS and the Oswestry Disability Index (ODI) were 
significantly improved.
Conclusions: Paraspinal approach by biportal surgery is 
effective method for relieve of radiating symptoms in 
patients with lumbar foraminal stenosis.
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MISS III 

S059

Cauda Equina Syndrome: Percutaneous 
Transforaminal Endoscopy Under Local 
Anesthesia-A 15 Patients Series

Ajay Krishnan, Puspak Samel, Paresh Bang

Stavya Spine Hospital & Research Institute, Mithkhali, Ahmedabad, India

Purpose: Retrospective Observational Study To analyse 
the results of Cauda equina syndrome (CES) operated by 
PTELD (percutaneous transforaminal endoscopic lumbar 
discectomy). 
Materials and Methods: This is a retrospective case series of 
15 patients. All patients were operated by PTELD. Vesicular 
dysfunction was classified as incomplete CES (CESI) and 
complete CES retention (CESR). Objectively in CESR patients 
post void residual (PVR) urine was measured by sonography 
and >200 ml was the cut off for CESR. Vesicular-motor 
recovery rate, its timing, Oswestry Disability Index (ODI), 
Visual analogue score (VAS), patient satisfaction index and 
sexual dysfunction were used to objectively measure the 
outcome. Complications and technical problems were noted.
Results: There were 10 patients of CESI and 5 patients of 
CESR. Average follow-up was 20.33 (12.05) months. All 
patients recovered fully from vesicularsymptoms (n=15,100%) 
and motor recovery rate was 80%. VAS for back pain 
recovered to 0.53 (0.52) from 8 (2.39). VAS for leg pain 
recovered to 0.13 (0.35) from 9.20 (1.32). ODI improved to 
6.07 (2.85) from 77.52 (13.20). The time to the recovery of 
vesicular function was 1.47 (1.55) days. All CESR patients 
abnormal PVR urine was normal at 5 weeks post-operative. 
No complications occurred. But, 5 technical executional 
problems occurred. 
Conclusions: PTELD can be considered for CES treatment 
due to its advantage in emergency hours with complete 
vesicular recovery and significant motor recovery. The quick 
recovery is astonishing. But for making it a recommendation, 
more literature support is needed in view of high medico-
legal litigation chances. 

Keywords: Cauda equina syndrome, Transforaminal endoscopy, 
Percutaneous, Minimal invasive spine surgery

S060

Cervical Epidural Pressure Measurement During 
Biportal Endoscopic Spinal Surgery

Tae Wook Kang, Si Young Park, Ho Jin Jung

Department of Orthopaedic Surgery, Korea University Anam Hospital, Seoul, Korea

Purpose: Endoscopic spinal surgery is becoming an increasingly 
frequent procedure. It is known that intracranial pressure is 
increased due to the massive irrigation fluid used during the 
uniportal endoscopic lumbar discectomy, and it is associated 
with developing posterior neck pain and seizure during surgery. 
Biportal endoscopic spinal surgery has been performed for 
several years, and its effectiveness have been well known, but 
no studies on its safety and about intracranial pressure have 
been conducted. By monitoring cervical epidural pressure (CEP) 
changes throughout the procedure, we intended to discover the 
safety and effect on intracranial pressure of biportal endoscopic 
lumbar discectomy.
Materials and Methods: Twenty patients who undergoing 
single-level biportal endoscopic lumbar discectomy were 
enrolled in this study. In all patients, a cervical epidural 
catheter was placed at the C6-7 level before the procedure 
and was connected to a pressure transducer. CEPs were 
monitored throughout the procedure (Phase 1 – make surgical 
portal and working space; Phase 2 – perform decompression 
and discectomy; Phase 3 – dismiss from fluid irrigation 
system). After discectomy was completed, we evaluated CEP 
changes as the irrigation pump pressure changes (Phase 4 
– increasing pump pressure with outflow open; Phase 5 – 
increasing pump pressure with outflow closed).
Results: Of 20 patients, change in CEP during surgery were in 
similar way. The baseline CEP was measured 17 mmHg. In 
phase 1, the mean CEP was 17.75 mmHg and no significantly 
different with baseline CEP. In phase 2, mean CEP abruptly 
increased up to 38 mmHg when epidural space was first 
communicated with working space, then, CEP stabilized in 
32.6 mmHg. In phase 4 and phase 5, CEP increased with 
linear correlation as the inflow pressure increased. There 
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were no patients with neurologic complications. In the 
independent factor analysis, total irrigation time was not 
correlated to change of CEP.
Conclusions: Biportal endoscopic lumbar discectomy which 
allows continuous irrigation with separate portal for outflow 
is safe procedure, and CEP has not increased beyond the 
physiologic range.
Keywords: Biportal endoscopic spinal surgery, Cervical 
epidural pressure, Intracranial pressure

S061
 
Postoperative Spinal Epidural Hematoma In a 
Biportal Endoscopic Spine Surgery with Local 
Hemostatics and Without Local Hemostatics 

Won Shik Shin, Dong Ki Ahn

Department of Orthopaedic Surgery, Seoul Sacred Heart General Hospital, Seoul, 
Korea

Purpose: We would like to compare the incidence of postoperative 
spinal epidural hematoma in a biportal endoscopic spine surgery 
using with local hemostatics and without local hemostatics.
Materials and Methods: The patients who underwent a non-
fusion decompressive spine surgery due to degenerative 
lumbar spinal stenosis (LSS) or herniated lumbar disc 
(HLD) or both between 2018 to Mar. 2019 were reviewed 
retrospectively. Before Aug. 2019, all patients received BESS 
without local hemostatics. From then on, we did all patients 
by BESS with local hemostatics.
Results: There were 100 patients in BESS with local 
hemostatics and 50 patients in BESS without local 
hemostatics. Two groups were homogenous in age, sex, 
diagnosis, number and level of operated segments.
Conclusions: The incidence of POSEH was significantly 
decreased in BESS with local hemostatics.
Keywords: Postoperative spinal epidural hematoma, Biportal 
endoscopic spine surgery, Local hemostatics

S062
 
Biportal Endoscopic Spine Surgery for Spinal 
Stenosis Considering Merits and Pitfalls

Chang-Myong Choi

Spine Center, H+ Yangji Hospital, Seoul, Korea

Purpose: To introduce innovative new procedures and 
technical tips for the treatment of spinal stenosis with 
endosopic surgical technique.
Materials and Methods: The authors reviewed operated 108 
cases of moderate to severe central. lateral and foraminal 
lumbar stenosis patients.
Results: Effective circumferential and focal decompression 
were achieved in most cases. We have excellent (63.8%) to 
good (22.2%) results without significant complications.
Conclusions: Biportal endoscopic spinal surgery for treatment 
of lumbar spinal stenosis is safe and innovative approach 
under clear and wide endoscopic vision preserving nerves 
and spinal structures.
Keywords: Biportal endoscopic spine surgery, Spinal stenosis

MISS IV

S063

Cortical Bone Trajectory Pedicle Screw Fixation In 
Surgical Treatment Of Mono-Segmental Lumbar 
Pyogenic Spondylodiscitis

Kee-Won Rhyu, Yoon Joo Cho, Jae-Hyuk Shin

Department of Orthopedic Surgery, St. Vincent’s Hospital, The Catholic 
University of Korea, Seoul, Korea

Purpose: The purpose of this retrospective clinical study is 
to investigate the clinical efficacy of CBTPS in the surgical 
treatment mono-segmental lumbar pyogenic spondylodiscitis. 
Materials and Methods: 18 patients with the surgically 
treated mono-segment lumbar pyogenic spondylodiscitis 
were included. Primary surgery included wide debridement 
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and anterior interbody fusion of the lumbar spine using 
autogenous iliac strut bone graft. Secondary surgery was 
posterior instrumented fusion using conventional PS 
(group I), and CBTPS (group II). Lordosis of operated 
level, duration of CRP normalization, and VAS scores were 
evaluated preoperatively, postoperatively, and at the last 
follow-up.
Results: The number of the patients in group I was 8 and 10 in 
group II. The follow-up periods were 58.00±12.55 months in 
group I and 28.60±9.31 months in group II. The Lordosis of 
group I at the preoperative, postoperative, and at last follow-
up period were 11.45±13.52°, 14.43±8.09°, 8.01±7.35°, 
retrospectively. Those of group II were 10.90±3.84°, 
13.67±3.91°, 11.02±5.33°, retrospectively. The durations of 
CRP normalization were 5.25±2.12 months in group I and 
1.55±0.55 months in group II. Inter-group analysis was done 
using Mann-Whitney test with significance of p<0.05. There 
was no significant difference in lordosis at each follow-up 
period between both groups. The only significant parameter 
was the duration of CRP normalization (p<0.05). Complete 
bony unions of were observed at the final follow-up in all 
cases.
C o n c l u s i o n s :  Mono-segmenta l  lumbar  pyogenic 
spondylodiscitis was successfully treated with anterior 
interbody fusion using strut graft, and posterior CBTPS 
fixation. The results showed similar clinical efficacies of 
CBTPS to conventional PS. The possible advantage of 
CBTPS was earlier eradication of infectious condition 
because of the minimally invasive procedure. This study 
suggested that CBTPS system may be a reliable alternative 
fixation system for pedicle screws in mono-segmental lumbar 
pyogenic spondylodiscitis.
Keywords: Mono-segmental pyogenic spondylodiscitis, 
Lumbar, Cortical bone trajectory pedicle screw fixation

S064

The Radiologic and Clinical Outcomes of Oblique 
Lateral Interbody Fusion for Correction of Adult 
Degenerative Lumbar Deformity

Jae Hyuk Yang, Seung Woo Suh, Dong-Gune Chang*

Department of Orthopaedics, Scoliosis Research Institute, Guro Hospital, College 
of Medicine, Korea University, Seoul, Korea 
* Department of Orthopedic Surgery, Sanggye Paik Hospital, College of Medicine, 
Inje University, Seoul, Korea

Purpose: Osteotomies aimed at correcting adult spinal 
deformity are associated with higher complications 
and perioperative morbidity. Recently, oblique lumbar 
interbody fusion (OLIF) was introduced for degenerative 
lumbar diseases. The aim of our study is to demonstrate 
the effectiveness of OLIF on the management of adult 
degenerative lumbar deformity (ADLD).
Materials and Methods: Patients with ADLD who underwent 
deformity correction and decompression using OLIF and 
posterior instrumentation were enrolled. For radiologic 
evaluation, Cobb’s angle (CA), sagittal vertical axis (SVA), 
lumbar lordosis (LL), thoracic kyphosis (TK), pelvic tilt (PT), 
sacral slope (SS), and pelvic incidence (PI) were evaluated. 
Visual analog scale (VAS), Oswestry disability index (ODI), 
and perioperative parameters were recorded for clinical 
evaluation.
Results: Fifteen patients with a mean age of 67 years (63-
74 years) were enrolled prospectively and an average of 3 
OLIFs (range 1-4) was performed. Posterior instrumentations 
were done at average of six levels (range 4-8). The mean 
operative blood loss was 863 ml (range 500-1,400 ml) with 
a mean surgical duration of 7 h (range 3-11 h). SVA, TK, 
LL, CA, PT, and SS showed significant correction (p<0.05) 
in immediate postoperative period and all parameters except 
TK were maintained at final followup. At the end of 24 
months of average followup, 86% (13/15) showed fusion. 
VAS (leg pain), VAS (back pain), and ODI improved by 74% 
(range 40-100), 58% (range 20-80%), and 69.5% (range 
4-90%), respectively. There were two major complications 
requiring revision (1 infection and 1 adjacent vertebral body 
fracture). Transient hip weakness present in two patients 
(13%) recovered within 6 weeks.
Conclusions: OLIF gives favorable short term clinical 
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and radiological outcomes in patients of ADLD. It could 
potentially reduce the need for morbid pelvic fixation and 
posterior osteotomies in patients with degenerative lumbar 
deformity.
Keywords: Adult deformity, Degenerative lumbar deformity, 
Degenerative lumbar kyphoscoliosis, Oblique lateral 
interbody fusion, Spi

S065

Spontaneous Fusion of Facet Joints Following Lateral 
Lumbar Interbody Fusion Supplemented with 
Percutaneous Pedicle Screw Fixation in Degenerative 
Lumbar Disease

Hyeung Kyu Cho, Jae Chul Lee, Dae Woong Kim, 
Young Ho Roh, Sung-Woo Choi, Deokwon Kang,  
Tae Wook Kang, Byung-Joon Shin 

Department of Orthopaedic Surgery, Soonchunhyang University College of 
Medicine, Seoul, Korea

Purpose: To determine the rate of spontaneous facet joint 
fusion on CT scan after lateral lumbar interbody fusion 
(LLIF) supplemented with percutaneous pedicle screw 
instrumentation in degenerative lumbar disease.
Materials and Methods: We reviewed the radiographs and 
medical records of patients who were followed-up for 
more than 1 year after LLIF and percutaneous pedicle 
screw instrumentation. One hundred and two facet joints 
of 51 levels in 27 patients (53–83 years) with degenerative 
lumbar disease were analyzed on postoperative 1 year CT. 
Preoperative osteoarthritis of facet was graded as Weishaupt 
criteria (grade 0-3). Postoperative spontaneous fusion of 
facet joint was classified in 3 grades: absent, partial fusion 
with outer bony bridging but remaining joint line visible, or 
complete fusion of joint, respectively. Intervertebral fusion 
was graded by Bridwell grade. Intervertebral and foraminal 
height were measured preoperatively and at postoperative 1 
year. Clinical outcome was assessed using visual analogue 
scale (VAS) scores for leg pain and lower back pain, and 
Oswestry Disability Index (ODI) scores. Correlation between 
radiological and clinical parameter was analyzed using the 
generalized estimation equation.
Results: Preoperative Weishaupt grades of facet joints 

osteoarthritis were grade 1 in 5 (12.2%), grade 2 in 36 
(35.5%), and grade 3 in 61 (59.8%). Partial fusion was 
evidenced in 26 (25.5%) and complete fusion in 12 (11.8%) 
of facet joints. Partially or completely fused facets showed 
preoperative osteoarthritis grade of 3 in 89.5%. The mean 
intervertebral height increased significantly from 10.2mm to 
12.8mm, and mean foraminal height increased significantly 
from 18.8 mm to 20.5 mm. Clinical results showed that 
lower back pain improved significantly from mean VAS 5.0 
to 2.5 and leg pain improved significantly from mean VAS 
6.1 to 0.7. The mean ODI improved significantly from 23.9 
to 11.5 at 1 year follow-up. Postoperative facet fusion grade 
was significantly related to the postoperative intervertebral 
fusion grade (p=0.019) and preoperative facet osteoarthritis 
grade (p<0.001) of the segment. Leg pain at 1 year follow-up 
was not significantly associated with the intervertebral fusion 
grade (p=0.08), however, it was significantly less in Bridwell 
grade 1 fusion group comparing to the others (beta=1.000; 
95% CI=0.141-1.859, p=0.023). 
Conclusions: Spontaneous fusion of facet joints was observed 
in one-third of segments following LLIF supplemented with 
percutaneous pedicle screw fixation at postoperative 1 year. 
This spontaneous facet fusion was more likely to occur 
with advanced postoperative interbody fusion and higher 
preoperative facet osteoarthritis grade. 
Keywords: Spinal stenosis, LLIF, Percutaneous instrumentation, 
Facet joint osteoarthritis, Facet joint fusion

MISS V

S066
 
The Isthmic Corridor- A Novel Anatomical Approach 
for L5-S1 Postero-lateral Endoscopic Lumbar 
Discectomy (PELD)

Sourabh Chachan 

Narayana Superspeciality Hospital, Sec-24, Gururgam, India

Purpose: Describe a novel isthmic approach for postero-
lateral endoscopic lumbar discectomy (PELD) at L5-S1 level 
and critically analyze the surgical results.
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Materials and Methods: The study is a technical note along 
with a prospectively collected and retrospectively analyzed 
case series of 25 patients with symptomatic L5-S1 disc 
herniation who underwent postero-lateral endoscopic lumbar 
discectomy utilizing isthmic approach. Demographics, 
radiological features, bony anatomy, and clinical outcomes 
were evaluated.
Results: Average pain score for back pain and leg pain 
significantly improved from pre-op level of 3.09 and 7.81 
to 2.17 and 2.15, respectively. Statistically significant 
improvement was also observed in post-op ODI score (pre-
op=58, post-op 33.85, p=<0.00001). There were no intra-op 
complications of nerve or thecal sac injury.
Conclusions: Combining isthmus trajectory to L5-S1 postero-
lateral endoscopic discectomy adds to the applicability of 
this already well established surgical procedure. Isthmic 
approach offers a safe and effective anatomical corridor for 
performing endoscopic discectomy via transforaminal route, 
even in individuals with high iliac crest.
Keywords: Endoscopic discectomy, Lumbosacral junction, 
Postero-lateral approach, Transforaminal endoscopy

S067

Biportal Endoscopy-Assisted Versus 
Microendoscopy-Assisted Minimally Invasive 
Transforaminal Lumbar Interbody Fusion for 
Lumbar Degenerative Diseases

Hyun-Jin Park

Department of Orthopaedic Surgery, Kangnam Sacred Heart Hospital, Hallym 
University Medical Center, Seoul, Korea

Purpose: Biportal endoscopic spine surgery is a widely 
performed surgical modality and show acceptable clinical 
outcomes regardless of the phase of lumbar degenerative 
disc disease (LDDD) and the location of primary pathology. 
But still, lumbar interbody fusion surgery has been 
considered standard treatment for LDDD because both 
direct and indirect neural decompression can be obtained. 
We describe a BE-TLIF(Biportal endoscopic transforaminal 
lumbar interbody fusion) technique to use two surgical ports 
and compare the clinical outcomes of BE-TLIF and ME-
TLIF(Microendoscopic transforaminal interbody fusion) in 

patients with degenerative spinal stenosis and/or olisthesis.
Materials and Methods: We enrolled forty-seven patients 
who were diagnosed with degenerative spinal stenosis and/
or olisthesis and were able to follow-up for more than a year 
after undergoing MI-TLIF. Patients were classified into two 
groups based on the surgery they had undergone. BE-TLIF 
was performed in the order of ipsilateral total facetectomy, 
flavectomy, contralateral decompression, and interbody cage 
insertion through two surgical ports located just lateral the 
pedicle. The visual analog scale (VAS) score for leg and back 
pain, Oswestry Disability Index (ODI), operation time, and 
complications were assessed. 
Results: There were 25 patients in the ME-TLIF group and 22 
patient in the BE-TLIF group. Operation time for BE-TLIF 
group was significantly longer than for ME-TLIF group. 
Estimated blood loss and surgical related complications 
(i.e. incidental durotomy and epidural hematoma) were not 
observed for any significant differences between two groups. 
However, VAS and ODI were significantly better in the BE-
TLIF group at 1 month postoperatively. And the duration of 
hospitalization was significantly shortened in BE-TLIF group 
than in the ME-TLIF group .
Conclusions: Despite the study design of retrospective cohort 
study and relatively short follow-up period, this study 
suggests that BE-TLIF is comparable with ME-TLIF in 
patients with symptomatic lumbar spinal stenosis. 
Keywords: Lumbar degenerative disc disease, Biportal 
endoscopic spine surgery, Transforaminal lumbar interbody 
fusion

S068
 
Biportal Endoscopic Lumbar Decompression 
Combined with Vertebroplasty for Extremely 
Elderly Patients who Had Low Lumbar Osteoporotic 
Vertebral Collapse with Neurologic Deficit 

Min Seok Kang, Hyun-Jin Park* 

Department of Orthopaedic Surgery, Bumin Hospital Seoul, Korea 
*Department of Orthopaedic Surgery, Kangnam Sacred Heart Hospital, Hallym 
University College of Medicine, Seoul, Korea

Purpose: Low lumbar osteoporotic vertebral compression 
fracture in elderly patients can often lead to osteoporotic 
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vertebral collapse (OVC) with neurologic deficits (ND), 
in which case the neurologic symptoms can be improve 
decompressive laminectomy and posterior instrumented 
fusion. However, these patients may be exposed to significant 
risk due to advanced age, and poor bone quality. The purpose 
of this study is to applicate the biportal endoscopic lumbar 
decompression (BELD) combined with vertebroplasty (VP) 
in extremely elderly patients with lower lumbar OVC with 
ND. 
Materials and Methods: This retrospective case series enrolled 
consecutive eighteen extremely elderly patients above 
75year-old with lower lumbar OVC at and below L3 with 
ND. All patients underwent BELD combined with VP under 
spinal anesthesia. The morphological features of affected 
vertebra, clinical outcomes, and surgical procedures were 
reviewed at a mean follow-up period of 6.4 months.
Results: The group includes 6 men and 12 women with an 
average age of 78.94 year-old. The most frequently level 
is L4, followed by L3 and L5. The affected vertebra was 
observed in the flat or concave typed vertebral collapse, no in 
the wedge compression vertebral collapse. On MR imaging, 
central canal stenosis was seen in 16 patients and foraminal 
stenosis in 10. The mean total operation time was 87.32 
minutes, and a mean amount of PMMA cement was 4.6 mL. 
A mean follow-up period is 6.4 months. The score of visual 
analogue scale (VAS) decreased from 8.1 preoperatively 
to 2.6 postoperatively. In the case of incidental durotomy 
was reported in the 2 patients and epidural hematoma in 
the 2 patient, but all patients improved with conservative 
treatment. There was not required reoperation.
Conclusions: Extremely elderly patients with low lumbar 
OVC with ND, BELD combined with VCA are palliative 
and minimally invasive treatment that can reduce the surgical 
related morbidity, prevent the need of major spine surgery 
under general anesthesia and expect satisfactory clinical 
outcomes. 
Keywords: Biportal endoscopic spine surgery, Vertebroplasty, 
Low lumbar osteoporotic vertebral collapse, Neurologic 
deficit, Extremely elderly patient 

S069
 
Hidden Pathology about Lumbar Foraminal 
Stenosis: Radiologic Clue and Decompression Skills 
using Biportal Endoscopic Spine Surgery

Dae-Jung Choi, Moon-Chan Kim, Ju-Eun Kim

Department of Orthopaedic Surgery, Himnaera Hospital, Busan, Korea

Purpose: To reveal the reasons of incomplete decompression 
of lumbar foraminal stenosis.
Materials and Methods: Radiographical analysis of simple 
radiographics, CT and MRI to reveal clues of various 
foraminal pathologies including radiological obvious 
(Superior articular process (SAP), Ligamentum flavum (LF), 
Herniated disc) and obscure (Endplate spur, Junctional Spur, 
Subpedicular kinking, Far-out syndrome). To overcome 
incomplete decompression-only for lumbar foraminal 
stneosis, surgical pitfalls are newly designed to successfully 
eliminate the hidden pathologies using biportal endoscopic 
spine surgery (BESS). 
Results: The first reason of incomplete decompresson-only 
technique is that solely depending on conventional T1w MR 
sagittal image. It is not reasonable to successfully detect 
the seven scattered lesions. SAP has two plane, lateral one 
supporting a facet and ventral one compressing potentially 
an exiting root. That is evaluated well in oblique-sagittal MR 
view and axial CT view. LF and herniated disc are obvious 
on MRI and easily resected. Endplate spur is obvious on CT 
axial and sagittal view rather than T1w sagittal MR view. 
Junctional spur is hidden on MRI but obvious on CT sagittal 
view. Subpedicular kinking has negative “head-on fat sign” 
and FOS has no “V-sign” at extraforaminal area on T2w MR 
axial view. The second, there has been no detailed technical 
report to perform sufficient foraminal decompression yet. 
SAP ventral plane could be successfully resected using 
facet stability using BESS. LF, herniated disc, endplate spur 
and junctional spur also easily accessed for elimination. 
Subpedicular kinging could be resolved with optimal criteria 
for sufficient decompression. Spur of the distal transverse 
process should be resected to decompress extraforaminal 
area at the L5-S1 as FOS. SAP ventral plane, subpedicular 
kinking, and FOS could be resolved well by BESS which 
can have very steep angle for accessing the targets, which is 
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quietly different from microscopic open decompression. 
Conclusions: Proper diagnosis of seven scattered foraminal 
pathologies could be done using all information of simple 
radiographics, CT and various view of MRI rather than 
conventional T1w sagittal MR view alone. BESS which has 
various free accessing angle, as one of the best alternative 
technique, could result in clinical feasibility for lumbar 
foraminal stenosis.
Keywords: Biportal endoscopic spine surgery, Lumbar 
foraminal stenosis, Diagnosis

Trauma I

S070

Spinal Injury in Indian Children: Review of 204 
Cases

M. L. Bansal

Indian Spinal Injuries Centre, India

Purpose: The purpose of the study was to analyze the 
epidemiological parameters and associated factors after 
spinal cord injury (SCI) in children, in the last 14 years 
admitted at a tertiary care center (Indian Spinal Injury Centre 
(ISIC) New Delhi, India).
Materials and Methods: The demographic and injury-related 
data was analyzed descriptively. The incidence, type, and 
level of injury were compared across the age groups using a 
χ2 test. Wherever appropriate, Fisher exact test was used.
Results: There were 1,660 pediatric trauma cases admitted 
at ISIC from 2002 to 2015, where 204 cases presented with 
spine injuries. The average age of children sustaining spine 
injury was 15.69 years (3-18 years of range). There were 15 
patients in the age group 0 to 9 years, 27 patients in the age 
group 10 to 14 years, and 162 patients in the age group 15 to 
18 years. This difference in spine injury incidence among the 
age groups was statistically significant. Fall from height was 
a common mode of injury. In our sample, boys were 3 times 
more likely to be injured than girls. Burst fractures were 
common among the type of injuries.
Conclusions: Our study confirms the predominance of 

cervical spine injury and the high incidence of multilevel 
contiguous with a lesser percentage of noncontiguous 
multilevel spinal involvement. SCIWORA (spinal cord 
injury without radiological abnormality) incidences were in 
a similar context to the literature available. There was a very 
low incidence of death. Neurological improvement was seen 
in 8 operated cases and 4 conservatively treated cases.
Keywords: Paediatric, Children, Spinal cord injury, SCIWORA, 
Trauma

S071
 
Risk Factors of Prolonged Pulmonary Supportive 
Care After Spinal Cord Injury

Jik Hyeong Kim

Department of Orthopedic Surgery, Chonbuk National University Medical 
School, Research Institute of Jeonju,  Korea

Purpose: Evaluate incidence and identify risk factors for the 
need for tracheostomy and prolonged ventilator care after 
cervical spinal cord injury based on clinical parameters.
Materials and Methods: We analyzed patients whose surgery 
was performed for acute cervical spinal cord injury above 
C5 from 2013 to 2017. Medical records were reviewed for 
demographics, admission ASIA Impairment scale, radiologic 
level of injury, neurological level of injury, presence of 
OPLL, postoperative pulmonary complication. Patients 
requiring tracheostomy and ventilator care were compared 
with those who did not require.
Results: A total of 126 patients with acute cervical SCI were 
enrolled. Of these patients, 18(14.2%) patients required 
tracheostomy and 108(85.6%) patients did not. There were 
no significant difference in age, smoking rate, existing 
pulmonary disease, presence of OPLL, injury mechanism 
following Allen’s classification, time from injury to 
surgery. There was also no difference between one and 
multiple lesions above C5 level on MRI . Patients requiring 
tracheostomy and ventilation support had significantly 
different in ASIA impairment scale (p=0.00), initial elbow 
flexion low motor grade (1.3±1.6 vs 3.4±1.4, p=0.00), 
C5 dermatome paresthesia (0.7±0.6 vs 1.4±0.5, p=0.00), 
postoperative aspiration pneumonia (61% vs 7%, p=0.00, OR 
19.63), postoperative atelectasis requiring airway toileting 
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(44% vs 0.009%, p=0.00, OR 85.6). Following adjustment 
for risk factors, odd ratio in ASIA impairment scale A was 
137.23, in ASIA impairment scale A, B was 37.73. Odd 
ratio below motor grade 3 in elbow flexion was 6.73, in 
C5 dermatome paresthesia was 5.935. Neurologic level of 
injury was not statically significant between groups (3.6±0.9 
vs 4.0±0.9, p=0.319), but level above C3 was statically 
significant (9cases vs 28 cases, p=0.038, OR 4.31).
Conclusions: Unlike previously known, smoking, existing 
pulmonary disease, time from injury to surgery is not 
associated with the need for tracheostomy and ventilator 
care. Initial ASIA impairment scale, initial elbow flexion 
motor grade below 3, C5 derma.
Keywords: Cervical spinal cord injury, Tracheostomy, ASIA 
score, Prediction 

S072
 
Does Longus Collis and Capitis Muscle have 
Protective Function Against Extension Injury of the 
Cervical Spine Trauma?

Tae-Young Kwon, Kyung-Jin Song*, Jong-Hyun Ko, 
Hyeong-Jik Kim, Seung-Chul Lee

Department of Orthopedic Surgery, Chonbuk National University Hospital, 
Jeonju, Korea 
*Department of Orthopedic Surgery, Jesus Hospital, Jeonju, Korea

Purpose: To identify whether anterior neck flexor muscles 
have protective function against cervical extension injury.
Materials and Methods: We analyzed the cases who underwent 
surgery for acute cervical spinal cord injury due to extension 
injuries from 2013 to 2018. We reviewed initial ASIA scale, 
pre-operative MRI measured Longus collis and capitis muscle 
volume, spinal cord sagittal length from pre-operative MRI. 
Measurements were obtained at the C2-3 levels and C5-6 
levels. All meaturements were undertaken using PACS 
(Marosis m-veiw. Seoul, Korea). The statistical analysis was 
performed by SPSS version 20.0 (SPSS inc., chicago,illinois) 
and Chi-squared or Fisher’s exact test and logistic regression 
analysis. 
Results: A total of 109 patients with acute cervical SCI 
with extension injury were enrolled. The median age was 
58.9 (31-87) years and 17 patients were female. In ASIA 

impairment scale, 4 patients were A, 16 patients were B, 19 
patients were C, and 70 patients were D.The mean cross-
sectional areas of the Longus collis and capitis muscles were 
160.41±38.35 mm2 C2-3 at the level and 110.99±28.56 mm2 
at the C5-6 level. The mean spinal cord sagittal length was 
6.49±1.35 mm By logistic regression analysis of relationship 
between ASIA scale and volume of Longus collis and capitis 
muscles was not shown significant relation statistically 
(p>0.05). But simple regression analysis of relationship 
between spinal cord sagittal length and volume of Longus 
collis and capitis muscles shows linear correlation (Sagittal 
length=5.152+0.10 * muscle volume, [r2=0.50, p=0.045]).
Conclusions: In human anatomy, anterior neck flexor muscle 
volume is much lesser than posterior neck extensor muscles. 
We evaluated relationship between neck flexor volume and 
ASIA scale and spinal cord sagittal length. It showed spinal 
cord sagittal length and volume of Longus collis and capitis 
muscles shows linear correlation (Sagittal length=5.152+ 
0.10 * muscle volume, [r2=0.50, p=0.045]). And neck flexor 
muscle might have protective effect from extension injury.
Keywords: Extension injury, Longus colli, Spinal cord injury

Trauma II

S073

Fracture Type and Canal Encroachment Ratio in 
Reconstructed Midsagittal Computed Tomogram 
Image are Related with Neurologic Deficits in 
the Traumatic Fractures of Lumbar Vertebra 
Corresponding to Cauda Equina Level

Han-Dong Lee, Chang-Hoon Jeon , Nam-Su Chung, 
Ki-Hoon Park

Department of Orthopedic Surgery, Ajou University Hospital, Suwon, Korea

Purpose: To clarify the radiological risk factors for neurologic 
deficit in traumatic fracture of lumbar vertebra (L2-L5) 
corresponding to cauda equina level.
Materials and Methods: We retrospectively reviewed 103 
consecutive patients who suffered traumatic lumbar fractures 
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corresponding to cauda equina level with thoracolumbar 
injury severity scale ≥4. Among them, we excluded 18 
patients who were unavailable to neurological examination 
due to early resuscitation (n=13) and distracting combining 
injuries such as brain injury or low extremity injury (n=5). 
Finally, 85 patients were included. Twenty-nine patients 
(34.1%) had neurologic deficit at initial assessment. AO 
Fracture type, fracture level, anteroposterior canal diameter 
at injured vertebra (APCD), and canal encroachment ratio 
were examined using reconstructed midsagittal computed 
tomogram image. Comparison of those parameters between 
patients with and without neurologic deficit was done using 
t-test and chi square test depending on the type of variables. 
Receiver operating characteristic curve (ROC) analysis was 
done to decide the cut-off value of canal encroachment ratio 
for predicting neurologic deficits.
Results: Male was dominant (n=68, 80%). Mean age was 
44.4±16.2 years. Fracture type B2 was the most common 
type (n=61, 71.8%) and L2 was most commonly involved 
level (n=35, 41.2%). Among the patients with neurologic 
deficit, 3 patients had only numbness, 11 patients had only 
leg weakness, one patient had only autonomic dysfunction, 
and 14 patient had both leg weakness and autonomic 
dysfunction. Fracture type, APCD (4.2±3.1mm vs. 
9.1±4.4mm), and canal encroachment ratio (66.1±24.3% 
vs. 33.7±27.4%) were different between with and without 
neurologic deficit groups (P<0.05). Fracture type B3 and C 
was only found in neurologic deficit group. ROC analysis 
revealed a cut-off value of canal encroachment ratio for 
neurologic deficit of 47% with 89.7% sensitivity and 66.1% 
specificity, and an area under the curve of 0.81 (95% CI, 
0.72-0.91).
Conclusions: Fracture type, APCD, and canal encroachment 
ratio were significantly different between patients with and 
without neurologic deficits in lumbar fractures corresponding 
to cauda equine level. Canal encroachment ratio of 47% was 
the cut-off value for predicting neurologic deficit in those 
patients.
Keywords: Lumbar fracture, Cauda equina, Neurologic 
defciit, Canal encroachment ratio

S074

Posterior Surgical Treatment of Delayed Myelopathy 
in Osteoporotic Vertebral Compression Fractures 
with PMMA Augmented Pedicle Screws

Dong Ki Ahn, Won Shik Shin 

Department of Orthopedic Surgery, Seoul Sacred Heart General Hospital, Seoul, 
Korea 

Purpose: An osteoporotic vertebral compression fracture 
(OVCF) is no more a benign fracture. Though there have 
been many patients who have had delayed myelopathic 
symptoms and severe kyphotic deformity with OVCF, their 
surgical treatment is usually complicated due to general co-
morbidities. Posterior only surgical treatment is safe and 
simple, however there are concerns on its rigidity to maintain 
the reduction without an anterior support. We would like 
to verify the availability of a posterior only surgery with 
PMMA augmented screw fixation. 
Materials and Methods: It was a retrospective study. The 
consecutive patients who had a posterior only surgery for 
a delayed myelopathy or severe kyphotic deformity due 
to OVCF above L1 vertebra in our hospital and followed 
up more than 2 years were reviewed. All patients used 
fenestrated screws for PMMA augmentation. As radiological 
parameters regional kyphotic angle (RKA), anterior vertebral 
height ratio (AVHR) and vertebral canal invasion ratio 
(VCIR) were examined. Neurological exam was evaluated 
with Nurick grade. 
Results: There were 30 patients who were eligible for the 
study. There were 5 males and 25 females. The average 
age was 72.3±6.6 years old and T score was -2.5±1.1 and 
follow up period was 32.3±11.1 months. The preoperative, 
postoperative and last RKA were 31.3±10.8, 8.1±7.6, 
10.4±8.3 degree respectively. The postoperative and last 
RKA were significantly reduced from the preopative state 
(p<0.001, p<0.001) but the loss of reduction at last follow 
up was also significant (p<0.001). The preoperative, 
postoperative and last AHVR were 39.4±17.1, 86.0±10.3, 
86.4±9.2% respectively. The postoperative and last AVHR 
were significantly increased from the preoperative state 
(p<0.001, p<0.001) and loss of reduction at last follow up 
was not significant (p=0.793). The preoperative and last 
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VCIR were 39.2±14.8 and 19.1±10.8% respectively. The 
difference was significant (p<0.001). Walking ability was 
improved mostly two Nurick grades (p<0.001). There were 
3 cases of PMMA leakage (10%) without symptoms. There 
was no screw loosening and screw failure. There were 6 
cases of additional fractures (20%) and it developed more 
common in low BMD group (p=0.013).
Conclusions: The posterior only surgery with PMMA 
augmented pedicle screws for delayed myelopathy or severe 
kyphotic deformity due to OVCF was available enough 
to achieve not only satisfactory reduction of kyphosis and 
vertebral height but also neurological improvement. The 
complications were negligible. 
Keywords: Posterior only surgery, PMMA augmented pedicle 
screw, Delayed myelopathy, Osteoporotic vertebral compression 
fracture 

S075

Long Versus Short Segment Fixation for Thoraco-
lumbar Fixation-Can a Consensus be Reached?

Alok Agrawal

Aditya Superspeciality Hospital Jabalpur India, India

Purpose: To reach to a consensus on long versus short segment 
fixation for thoracolumbar fractures.
Materials and Methods: A thorough review of the literature 
would be undertaken to try to find an algorithm for the 
deciding the indications for short and long segment fusion in 
cases of thoracolumbar fractures. 
Results: Our results over the past five years on short, short 
same segment as well as long segment fixation would be 
discussed.
Conclusions: The literature is divided on the role of short and 
long segment fixation. The advent of short same segment 
fixation has further complicated the decision process. 
However the paper tries to bring forth basic recommendations 
that surgeons can use to come to a conclusion.
Keywords: Thoracolumbar fracture, Long segment, Short 
segment fixation 

S076
 
Motor Recovery by Epidural Stimulation after Spinal 
Cord Injury: Early Results of a Pilot Clinical Study

Harvinder Singh Chhabra

Indian Spinal Injuries Centre, India

Purpose: Despite an enormous amount of research, the 
prognosis for recovery of lower limb motor function in 
patients with chronic motor completeSpinal Cord Injury (SCI) 
remains dismal. Activity-based locomotor training, the only 
practice used to enhance recovery at present, does not yield 
significant outcomes. Animal studies have shown significant 
motor recovery with the combination of spinal Epidural 
Electric Stimulation (sEES) to activity-based training. Two 
small case series in the western population have also been 
published recently showing positive results. We conducted 
a pilot clinical study in ten chronic motor-complete spinal 
cord injured patients. The study was approved by the 
Institute Ethics Committee. All the subjects provided a 
written as well as video informed consent. They were 
randomized into two groups of five patients each. Each group 
underwentstandardized activity-based training. One group 
was implanted with a sEES in addition. The primary outcome 
measure included duration of standing weight bearing 
with minimal assistance, control of full weight bearingand 
assessment of ability to coordinate stepping on a tread-mill. 
The secondary outcome measures include an improvement 
in the AIS of at least one grade or 6 points in ASIA motor 
score, any voluntary movement by additional muscle groups 
not included in ISNCSCI,Walking Index of Spinal Cord 
Injury ,assessment of functional independence using SCIM, 
psychological evaluation by Beck Depression Inventory, 
electromyography, nerve conduction velocity, somatosensory 
evoked potential, motor-evoked Potential and evaluation of 
bladder function by Urodynamic studies. The sEES group 
participants were implanted with a surgical stimulator 
(Restore Advanced, Medtronics). Multiple combinations of 
amplitude and frequency were tested to obtain information 
on what combination caused rhythmic muscle activation 
simulating walking, standing, and stepping.Training sessions 
lasting three hours a day were given with sEES turned on. 
Trials were also conducted to look if the motor achievements 
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were sustained when the stimulator was turned off.
Results: Preliminary resultsat 14 weeks of activity based 
training revealed that participantsin the sEES group were 
able to have control of full weight bearing, stand with 
minimal assistance for 5 to 15 minutes continuouslyand 
walkover ground with assistive devices after activity based 
training with sEES turned on. These abilities continue to 
improve. However, the participants could not perform the 
same activities and there is no voluntary motor activity with 
the stimulator turned off. There were no serious adverse 
effects during the study.The participants are under long term 
follow up and recovery of voluntary motor activity of lower 
limbs with sEES turned off is being assessed. The six months 
follow up results of all participants will be presented.
Conclusions: Early results showed that motor recovery with 
regard to standing and walking improved in participants with 
activity based training combined with sEESas compared to 
activity based training alone. These results suggest that sEES 
has the potential for recovery of motor functions after SCI.

Asia Traveling Fellowship Session

Diaphragm Pacing: Is It Possible to Get Rid of 
Mechanical Ventilation in Cervical Injury Patients?

M. N. Muttha

Indian Spinal Injuries Centre, India

Correlation of mRNA Expression of Ladybird 
Homeobox 1 (LBX1) and Estrogen Receptor 
(ESR) with Severity of Deformity and Flexibility in 
Adolescent Idiopathic Scoliosis

Yudha Mathan Sakti

Medical Faculty Universitas Gadjah Mada , Indonesia

The Change in Position and Distance of the Aorta 
from the Vertebra in Relation with the Magnitude of 
the Lenke 1 & 2 Scoliotic Curve

Chee Kidd Chiu

University of Malaya, Malaya

Surgical Strategy for Osteoporotic Vertebral Fracture

Shinji Takahashi 

Osaka City University, Japan

The Accuracy of Pedicle Screw Placement Using the 
Set Square to Determine the Ideal Entrance Point 
and Angle of Screw for Lower Cervical Pedicle Screw 
Placement

Manh Hoang Tran

Khanh Hoa General Hospital, Viet Nam

Anterior Column Realignment Application for Adult 
Spinal Deformity: A Prospective Cohort Study

Philip Cheung 

Pyneh, Hong Kong

Head Injury as Predictor of Cervical Spine Injury:  
A 5-Year Review 

Jeremiah R. Morales

Southern Philippines Medical Center, Philippine
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Invited Lecture

Spinal Column Reconstruction Using Anterior 
Column Realignment (ACR) in Treatment of Adult 
Spinal Deformity

Hiroshi Taneichi 

Hamamatsu University, Japan

Hip-spine Syndrome: Which Surgery Should be 
Selected for Patients with Hip OA and Spinal 
Deformity? 

Yukihiro Matsuyama

Hamamatsu University, Japan 

Symposium: MISS 
- Endoscopic Spinal Surgery

Multifidus Muscle Changes after Biportal Endoscopic 
Spinal Surgery: Magnetic Resonance Imaging 
Evaluation

Ho-Jin Lee  

Department of Orthopaedic Surgery, Chungnam National University School of 
Medicine, Daejeon, Korea

Purpose: Biportal endoscopic spinal surgery (BESS) is 
more accessible compared with the uniportal method 
because an independent working tube is used. Also, BESS 
does not require special endoscopic instruments and has 
excellent image quality. However, an issue exists related 
to the invasiveness of BESS because the procedure uses 
two portals, and the soft tissues, including the muscles, 
ligaments, and fascia, between the two portals, could be 
damaged during the creation of the operative field. Also, the 

saline irrigation applied throughout the entire procedure can 
damage the tissues around the paraspinal muscles to a greater 
extent than during conventional minimally invasive surgery. 
To access the invasiveness of BESS, we sought to determine 
the changes in the multifidus muscle (MFM) status after 
BESS. We used magnetic resonance imaging (MRI) to assess 
the radiological status of MFM after BESS and evaluated the 
extent of MFM injury and atrophy.
Materials and Methods: A total of 88 patients who had met the 
inclusion and exclusion criteria were enrolled in the present 
study. T2-weighted signal intensity MRI was performed 
three times: preoperatively, immediately postoperatively, 
and at the final follow-up examination. We measured the 
cross-sectional area of the MFM on both sides (ipsilaterally 
and contralaterally) and recorded the operative times. The 
association between the interval from surgery to the final 
follow-up MRI and changes in the MFMs and between the 
operative time and changes in the MFMs were analyzed. For 
the group comparisons, the patients were divided into three 
groups according to the follow-up interval. Group 1 was 
followed up within 2 weeks, group 2 within 2-4 weeks, and 
group 3 after 4 weeks. The MFM changes were recorded.
Results: The operative time was correlated significantly with 
the percentage of change in the T2-weighted signal intensity 
ratio (SIR) for both sides (p<0.01). At the final follow-up 
examination, the SIR of the ipsilateral side had decreased in 
group 3 (p=0.002). The percentage of change in the SIR was 
smallest in group 3 (p=0.004).
Conclusions: The MFM change on MRI after BESS became 
significant on both sides as the operative time increased. 
However, the change showed a tendency to reverse within 
several months, and no substantial change in the MFM 
cross-sectional area was found. We have concluded that 
MFM changes after BESS might correlate with an increased 
operative time but will resolve over time.
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A Novel Preoperative Trajectory Evaluation Method 
for L5-S1 Transforaminal Percutaneous Endoscopic 
Lumbar Discectomy

Sang-Soo Eun 

Department of Orthopaedic Surgery, Wooridul Spine Hospital, Seoul, Korea 

Purpose: L5-S1 transforaminal percutaneous endoscopic 
lumbar discectomy (PELD) is a demanding procedure owing 
to structures such as the iliac crest, L5 transverse process, 
hypertrophic L5-S1 facet joint, and sacral ala. There has 
been no definite preoperative evaluation method to assess the 
surgical validity of L5-S1 transforaminal PELD. This study 
aimed to develop a new preoperative trajectory evaluation 
method for L5-S1 transforaminal PELD using magnetic 
resonance imaging (MRI) or computed tomography (CT).
Materials and Methods: Twelve patients diagnosed L5-S1 
disc herniation underwent preoperative evaluation using this 
new method. The skin marker was attached to the patient’s 
back as a tentative skin entry point, determined by the usual 
preoperative MRI or CT. A new tilted axial and coronal MRI 
or CT was performed in accordance with the axis of the L5-
S1 transforaminal working channel. The images could help 
us determine whether the iliac crest hindered the PELD 
trajectory. Success rate of transforaminal PELD according to 
height of the iliac crest was obtained.
Results: Six patients underwent a transforaminal PELD, with 
favorable outcomes. The other six patients were considered 
“unsuitable” for transforaminal PELD owing to the probable 
blockade by the iliac crest.
Conclusions: L5-S1 transforaminal PELD trajectory could be 
evaluated precisely by tilted MRI or CT. This novel method 
may help achieve favorable outcomes.

Decompression Procedure Using Unilateral Biportal 
Endoscopy (UBE) for Thoracic Myelopathy Caused 
by Ossification of the Ligamentum Flavum: A 
Technical Note and Preliminary Clinical Results

Seung-Hyun Choi 

Department of Orthopedic Surgery, Park Weon Wook Hospital, Busan, Korea

Purpose: The use of conventional spinal decompression 
surgery for thoracic ossification of ligament flavum (OLF) 
can be limited by technical difficulties and a restricted field 
of vision.
Aim: The purpose of this study is to describe the technique 
for decompression procedure using unilateral biportal 
endoscophy (UBE) for thoracic OLF and analysis of clinical 
postoperative results.
Materials and Methods: The authors performed a unilateral 
laminotomy with bilateral decompression using a unilateral 
biportal endoscophy in patients with thoracic OLF. The 
authors enrolled only patients who underwent follow-up for 
longer than 12 months after UBED. Fifty-eight patients were 
enrolled in this study. This approach was based on 2 portals: 
one portal was used for continuous input and endoscopic 
viewing and the other portal was used for continuous output 
and manipulating the instruments used in the decompression 
procedures.
Results: Neural decompression was effectively performed 
in all enrolled patients. The male-to-female ratio was 3:1. 
Involvement of the upper thoracic region was seen 11 
times; of the middle region 8 times, and of the lower region 
40 times (several patients had involvement in more than 
one region). About half of the patients complained of gait 
disturbance on admission caused by the markedly enlarged 
OLF. A dural tear in one patient was the only observed 
complication.
Conclusions: From a surgical point of view, unilateral biportal 
endoscopy (UBE) is very similar to microscopic spinal 
surgery, permitting good visualization of the contralateral 
sublaminar areas. The authors suggest that the UBE, which 
is a minimally invasive procedure, is an alternative treatment 
option for thoracic OLF.
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Biportal Endoscopic Transforaminal Interbody 
Fusion 

Ju-Eun Kim 

Department of Orthopaedic Surgery, Orthopaedic Surgery, Himnaera Bospital, 
Busan, Korea 

Purpose: Lumbar spine fusion has been widely accepted 
as a treatment for various spinal pathologies, including the 
degenerative spinal diseases. Transforaminal interbody fusion 
(TLIF) using minimally invasive surgery (MIS-TLIF) is 
well-known for reducing muscle damage. However, the need 
to use a tubular retractor during MIS-TLIF may contribute 
to some limitations of instrument handling, and a great deal 
of difficulty in confirming contralateral decompression and 
accurate endplate preparation. Several studies in spinal 
surgery have reported the use of the unilateral bi-portal 
endoscopic spine surgery technique for decompression or 
discectomy. The purpose of this study is to describe the 
process of, and technical tips for, TLIF using the BESS 
technique.
Materials and Methods: Between 2016 and 2018, 32 patients 
that underwent single-level transforaminal lumbar interbody 
fusion for degenerative or isthmic spondylolisthesis 
were enrolled. Thirty-two patients underwent Biportal 
Endoscopic-TLIF. Visual analog scale (VAS) of back and 
leg and Oswestry Disability Index (ODI) were collected 
perioperatively. Also, perioperative complications, length 
of hospital stay, time to ambulation, and fusion rate were 
collected.
Results: The mean operation time of surgery was 169.5±24.9 
min. Hospital stay was 6.0±3.1 days and the time to 
ambulation after surgery was 6.8±4.1 hours. ODI scores 
improved from 68.1±5.4 preoperatively to 22.35±9.2 at the 
last follow-up (p<0.001). VAS scores for the leg decreased 
from 7.9±0.6 to 1.5±0.6 at the final follow up (p<0.001). 
VAS scores for the back decreased from 6.2±1.3 to 1.8±0.8 
at the final follow up (p<0.001). 
Conclusions: TLIF (BE-TLIF) is similar to MIS-TLIF except 
that there is no need for a tubular retractor. It is supposed 
to be another option for alternating open lumbar fusion and 
MIS fusion in degenerative lumbar disease that needs fusion 
surgery.

Symposium: MISS 
- Minimally Invasive Spinal Fusion

Combination of Oblique Lumbar Interbody Fusion 
(OLIF) with Biportal Endoscopic Spinal Surgery 
(BESS) for Lumbar Spinal Stenosis: Comparison 
with Conventional Open Transforaminal Lumbar 
Interbody Fusion (TLIF)

Ho jin Lee  

Department of Orthopaedic Surgery, Chungnam National University School of 
Medicine, Daejeon, Korea

Purpose: Oblique lumbar interbody fusion (OLIF) 
decompresses the spinal canal indirectly and effectively by disc 
height restoration and the unbuckling of ligamentum flavum 
due to inserting a high profile cage. However, in certain cases 
of severe central canal stenosis or concomitant disc herniation 
with stenosis, OLIF alone is not an appropriate procedure to 
treat. For such cases, we added direct posterior decompression 
using biportal endoscopic spinal surgery (BESS) selectively 
depending on the severity of stenosis after OLIF procedure as 
a combined technique of minimally invasive surgery.
Aim: We compare the clinical outcome of a combined 
technique of OLIF with BESS to conventional open 
transforaminal lumbar interbody fusion (TLIF) for severe 
lumbar spinal stenosis.
Materials and Methods: From June 2016 to December 2017, 
forty patients that underwent surgical treatment for lumbar 
spinal stenosis were enrolled. Patients underwent either 
combination of OLIF with BESS or open TLIF, and were 
divided into two groups according to the procedure; Group 
A for OLIF with BESS and Group B for TLIF. The operative 
time, estimated blood loss, clinical outcomes, and complication 
had been evaluated. Clinical outcomes of Visual Analog Scale 
scores, Oswestry Disability Index, Roland Morris Disability 
Questionnaire, and modified Macnab criteria were each 
measured preoperatively and on the final follow-up of at least 
one year after surgery.
Results: Both groups each consisted of 20 patients. Operative 
time per level was 150.65 ± 85.24 minutes in Group A and 
124.90±49.31 minutes in Group B, and which difference 
was not significant (p=0.057). The estimated blood loss per 
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level of Group A was 166.36±93.40 ml, and Group B was 
435.15±242.97 ml, and which difference was statistically 
significant (p=0.028). In Group A, all clinical outcome 
parameters improved significantly after surgery compared 
to preoperative status (p<0.05), and which results did not 
differ significantly compared to Group B. In addition, no 
complications occurred in both groups.
Conclusions: A combination of OLIF with BESS can be an 
effective alternative treatment option of TLIF for severe 
lumbar spinal stenosis.

Unilateral Biportal Endoscopic Lumbar Interbody 
Fusion (ULIF) Versus Conventional Posterior 
Lumbar Interbody Fusion (PLIF) for 2 Lumbosacral 
Segment : Clinical and Radiological Outcomes of 
One-Year Follow-up

Seung-Hyun Choi 

Department of Orthopedic Surgery, Park Weon Wook Hospital, Busan, Korea 

Purpose: Spine endoscopy has advantages such as minimal 
bleeding, short hospital stay, small wound size, and little 
muscle enzyme release. This study compared clinical and 
radiological outcomes of unilateral biportal endoscopic 
lumbar interbody fusion (ULIF) to those of conventional 
posterior lumbar interbody fusion (PLIF) for 2 lumbosacral 
segment.
Materials and Methods: 50 ULIF (age, 67±5 years) and 
51 PLIF (68±8 years) patients for 2 lumbosacral segment 
followed more than 1 year were selected. Parameters for 
surgical techniques (operation time, whether transfused), 
clinical results [visual analogue scale (VAS) for back 
and leg pain, Oswestry disability index (ODI)], surgical 
complications (dural tear, nerve root injury, infection, 
hematoma), and radiological results (cage subsidence, screw 
loosening, fusion) between the 2 groups were compared.
Results: The PLIF group demonstrated a significantly shorter 
operation time and more transfusions done than the ULIF 
group. The VAS for leg pain in both groups and for back 
pain in the ULIF group significantly improved at 1-week, 
while the VAS for back pain in the PLIF group significantly 

improved at 1-year. ODI scores improved at 1-year in both 
groups. Complication rates were not significantly different 
between groups. Fusion rates with definite and probable 
grades were not significantly different between groups.
Conclusions: ULIF is less invasive while just as effective 
as conventional PLIF in improving clinical outcomes and 
obtaining clinical fusion. However, ULIF has a longer 
operation time than PLIF. The authors suggest that the ULIF, 
which is a minimally invasive procedure, is an alternative 
treatment option for conventional PLIF.

Pearl and Pitfall of Minimally Invasive 
Instrumentation for Metastatic Spine Tumor

Se Jun Park

Department of Orthopedics, Spine Center, Samsung Medical Center, Korea 

Purposen: With the advancement in tumor treatments such as 
radiotherapy, chemotherapy, biological targeted agents and 
immunotherapy, the survival time of patients with metastatic 
spinal tumors has rapidly increased. As the survival rates 
of patients with metastatic spinal tumors increase, their 
treatment has become more important. According to the 
recent literature evidence, minimally invasive spinal 
surgery (MISS) followed by radiosurgery can now be more 
effective treatment compared to once aggressive surgical 
resection. For symptomatic patients with spinal metastasis, 
the primary goal of treatment includes pain relief, neurological 
improvement and local tumor control, and improvement 
of life quality. Surgical treatment for these patients mainly 
focuses on stability for pain related to mechanical instability 
and decompression for cord compression lesions. However, 
no guidelines indicate the need for fusion surgery after 
stabilization or elucidate whether instrumentation without 
fusion is a sufficient treatment. For nontumorous spinal 
problems, spinal fusion with instrumentation is a widely 
accepted concept because it increases construct longevity and 
decreases mechanical complications including screw loosening, 
migration, or breakage. However, for patients with spinal 
metastases the fusion procedure might not be as necessary as 
it is for patients without tumor. These patients usually have a 
short life expectancy, which might be not enough for union or 
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instrumentation-related complications to occur. Instrumentation 
without fusion surgery usually saves time during decortication 
or fusion procedures, reduces intraoperative bleeding associated 
with decortication, and eliminates the costs associated 
with fusion. Many current studies for non-fusion minimal 
instrumentation showed good results without instrumentation-
related complication in spinal metastasis. However, the 
longivity of instumentation must be considered as survival 
rate increases. It has been well demonstrated that cement-
augmented pedicle screws can have improved pull-out 
strength and a reduced risk of fixation failure for patients 
with osteoporosis or spinal metastases. Recently, the use 
of fenestrated pedicular screws has been suggested for 
reducing screw pull-out for patients with metastatic tumors 
to the spine. However, when performing minimally invasive 
instrumentation, it is important to confirm how much fixation 
point for the normal bone is. In addition, fixation length 
should also be considered depending on whether the location 
is thoracic spine or lumbar spine.
Conclusions: The current study reported successful outcomes 
with very low complication rates after minimally invasive 
instrumentation for patients with spinal metastases. 
Therefore, minimally invasive instrumentation might be 
sufficient for a majority of patients with spinal metastases 
considering appropriate fusion length and fixation number 
for normal bone. 
Keywords: Minimally invasive instrumentation, Longevity, 
Fusion length, Fusion point

Minimally Invasive Anterior and Posterior Support 
Surgery for Vertebral Burst Fractures

Jae-Young Hong 

Department of Orthopedics, Korea University Ansan Hospital, Ansan, Korea 

Purpose: Numerous improvements in minimally invasive 
spine surgery (MISS) have been made during the last decade. 
The increased use of MISS technologies in spine trauma 
has been correlated to the availability of more versatile 
instrumentation, which makes the fixation of all thoracic and 
lumbar levels possible. MISS in thoracolumbar spine trauma 

management must achieve the same results as conventional 
treatment but with less morbidity.
Materials and Methods: Classic treatment algorithms reserved 
absolute surgical intervention for spinal trauma patients 
with neurological compromise or instability. Relative 
indications included incapacitating pain and obesity/
body habitus making brace therapy ineffective. In the past 
decade, minimally invasive surgical (MIS) techniques for 
spine surgery have been increasingly used for degenerative 
conditions.(2) Fluoroscopy-assisted pedicle screw insertion 
is associated with less pedicle wall violation when compared 
to open surgery, but with increased radiation exposure for the 
surgeon and patient. Surgeons must be aware of this issue 
and new technologies are available to decrease irradiation.
(1) These same minimally invasive techniques have seen 
increased use in trauma patients. The goal of minimally 
invasive surgery is to decrease surgical morbidity through 
decreased soft-tissue dissection while providing the same 
structural stability afforded by classic open techniques. 
These minimally invasive techniques involve percutaneous 
posterior pedicle fixation, vertebral body augmentation, and 
utilization of endoscopic and thoracoscopic techniques.
Results: The advantages of percutaneous pedicle screw 
fixation relative to open surgery are discussed: preservation 
of posterior musculature, less blood loss, shorter operative 
time, lower infection risk, less postoperative pain, shorter 
rehabilitation time as well as shorter hospital stay. 
Limitations of percutaneous fixation include the inability to 
achieve direct spinal canal decompression and not having the 
option to perform a fusion. Nevertheless, these limitations 
can be addressed by combining MISS with open techniques.
(1) While MIS techniques are somewhat in their infancy, an 
increasing number of studies are reporting good clinical and 
radiographic outcomes with these MIS techniques. However, 
the literature is still lacking high-quality evidence comparing 
these newer techniques to classic open treatments. This 
article reviews the relevant literature regarding minimally 
invasive spine surgery in the treatment of thoracolumbar and 
lumbar trauma.
Conclusions: The benefits of percutaneous spinal fixation 
for unstable spine fractures in polytrauma patients are also 
discussed. Posterior instrumentation can be easily removed 
after bone union to allow young patients to regain their 
mobility. Large well-controlled prospective studies are 
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needed to draw up guidelines for less invasive procedures in 
spine trauma. In the future, development of new technologies 
can expand the scope of indications and treatment 
possibilities using MISS techniques in spine trauma.

Trauma III

S077

Smoking and Alcohol Drinking and Risk of Non-
union or Delayed Union After Fractures- Protocol for 
Systematic Review and Dose-response Meta-analysis

Bin Xu, Lingxiao Chen*, Jae Hyup Lee†

Department of Orthopedic Surgery, Tianjin Hospital, Tianjin University, 
Tianjin, China 
*Institute of Bone and Joint Research, Kolling Institute, Sydney Medical School, 
Faculty of Medicine and Health, University of Sydney, Sydney, New South Wales, 
Australia 
†Department of Orthopedic Surgery, College of Medicine, Seoul National 
University, Korea; Department of Orthopedic Surgery, SMG-SNU Boramae 
Medical Center, Republic of Korea; Institute of Medical and Biological 
Engineering, Medical Research Center, Seoul National University, Medical 
Research Center, Seoul, Korea

Purpose: To the best of our knowledge, there is no consensus 
on dose-response between smoking, alcohol drinking and 
bone healing. The aim of the current study is to conduct a 
comprehensive systematic review and dose-response meta-
analysis of studies to estimate the influence of smoking and 
alcohol use on the success of non-pathologic bone fracture 
healing in adult patients.
Materials and Methods: A systematic search will be 
performed using MEDLINE, EMBASE and Cochrane 
CENTRAL, CINAHL and AMED databases to identify 
randomized controlled trials and observational studies which 
have assessed the effect of smoking or alcohol drinking on 
fracture healing. Primary outcomes include delayed union 
or nonunion rate and time to union. Secondary outcomes are 
common complications which occur during bone healing 
including malunion and wound infection. Risk of bias will 
be evaluated using the Quality In Prognosis Studies (QUIPS) 
tool for quality assessment of each study. Dose-response 
meta-analysis will be performed between smoking, alcohol 

drinking, and bone healing. Evaluation of the quality of 
evidence will be conducted using the GRADE system.
PROSPERO registration number: CRD42019131454.
Results: The present study will assess the effects of smoking 
and alcohol drinking on non-pathologic bone fracture healing 
in adult patients.
Conclusions: We hope that this systematic review and dose–
response meta-analysis will provide high quality evidence on 
dose–response between smoking, alcohol drinking, and bone 
fracture healing.
Keywords: Bone healing, Smoking, Alcohol drinking, Protocol, 
Systematic review

S078

Increased Mortality from Recurrent Subsequent 
Fractures in Elderly Men and Women

Ji Won Kwon, Yung Park, Soo-Bin Lee*, Sahyun Sung*,  
Joong Won Ha, Jae-Ho Yang*, Byung Ho Lee*,  
Kyung-Soo Suk*, Seong-Hwan Moon*, Hak Sun Kim*, 
Hwan Mo Lee* 
Department of Orthopedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
*Department of Orthopedic Surgery, Yonsei University College of Medicine, 
Seoul, Korea

Purpose: We aimed to investigate the relationship between 
recurrent subsequent fractures and mortality risk.
Materials and Methods: Using a random sample of patients 
from the Korean National Health Insurance Research 
Database, this retrospective observational cohort study 
analyzed the data of 24756 patients aged >60 years who 
sustained fractures between 2002 and 2013. Cox regression 
was used to assess the mortality risk associated with the 
number, locations, and sequences of subsequent fractures, 
adjusting for demographic, clinical, and lifestyle factors.
Results: In women, 16,118 fractures were followed by 
2335 deaths, and in men, 8638 fractures by 2291 deaths. 
Subsequent fractures increased mortality hazard ratio (HR) 
for women and men (one; 1.63 (95% confidence interval 
[CI], 1.48-1.80) and 1.42 (95% CI, 1.28-1.58), two; 1.75 
(95% CI, 1.47-2.08) and 2.03 (95% CI, 1.69-2.43), three or 
more; 2.46(95% CI, 1.92-3.15) and 1.92 (95% CI, 1.34-2.74), 
respectively). For women, the mortality risk increased when 
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hip (HR, 2.49; 95% CI, 1.80-3.44) or vertebral (HR, 1.40; 
95% CI, 1.03-1.90) fracture occurred as a second fracture. 
Compared with single hip fracture, there was an increased 
risk of hip fracture after the first vertebral fracture (HR, 2.90; 
95% CI, 1.86-4.54) or vertebral fracture after the first hip 
fracture (HR, 1.90; 95% CI, 1.12-3.22) in women.
Conclusions: Prompt intervention required to reduce 
subsequent fractures after initial fracture, especially in elderly 
women who have experienced initial vertebral fracture.
Keywords: Mortality risk, Subsequent fracture, Hip fracture, 
Vertebral fracture, Osteoporosis

S079

Correlation of Deformation of Kyphotic Angle with 
fat Infiltration Rate of Multifidus and Erector Spinae 
in Patients with Acute Osteoporotic Fractures of the 
Lumbar Spine

Jong-Min Baik, Deuk Soo Jun, Jeong Bong Kim, 
Seung Hyun Baek

Department of Orthopaedic Surgery, Gil Medical Center, Gachon University 
College of Medicine, Incheon, Korea

Purpose: We hypothesized that the cause of kyphotic 
deformity would be associated with muscle reduction in 
multifidus and erector spinae. We confirmed the quality of 
muscle near the spine using MR imaging and the correlation 
with spinal deformity for clinical use.
Materials and Methods: Visiting this hospital from January 
2007 to March 2018, patients with acute lumbar spine 
fractures underwent a full scale survey and a retrospective 
study using computerized records was conducted. Patients 
who underwent conservative treatment with osteoporosis 
(DEXA<-2.5), single segment fracture, MR imaging of the 
lumbar spine at a time of injury, and outpatients followed up 
for more than 1 year were studied. The fat infiltration rates of 
multifidus and erector spinae using MR images taken at the 
time of injury were measured. Based on lateral radiograph 
of the lumbar spine after one year from the injury, the loss 
of height of the vertebral body, the kyphotic angle and the 
wedge angle were measured. Statistical significance was 
confirmed by calculating the Pearson correlation coefficient 
for the measured values.

Results: The total patients were 129 patients. 30 were 
male, 99 were female. Mean age was 71.28 years, mean 
DEXA score was -3.53 and mean fat infiltration was 
15.2%. TFI was positively correlated with age(R=0.373, 
p<0.00), Compression rate(R=0.369, p<0.00) and Cobb’s 
angle(R=0.386, p<0.00) after 1 year of follow-up and 
negatively with DEXA-score(R=-0.252, p<0.00). Age 
was positively correlated with compression rate(R=0.257, 
p<0.00) and Cobb’s angle(R=0.174, p<0.05) after 1 year 
of follow-up, and negatively correlated with DEXA-
score(R=-0.232, p<0.01). As the fracture progressed to the 
lower Lumbar level, the compression rate(R=-0191, p<0.03) 
and wedge angle(R=-0.428, p<0.00) at the time of injury 
tended to decrease.
Conclusions: In patients with osteoporotic vertebral fractures, 
fat infiltration rate may be an important predictor of 
conservative treatment. The prognosis of patients with high 
fat infiltration rate should be explained, and active follow up 
should be performed to observe the progression even if the 
vertebral height loss and deformation of kyphotic angle are 
not severe.
Keywords: Osteoporosis, Vertebral compression fracture, 
Sarcopenia, Kyphosis, Fat infiltration

S080

Trends of Incidence and Mortality of Vertebral 
Fractures in Korea

Sang-Min Park, Ho-Joong Kim, Jin S. Yeom, 
Hyoung Min Kim, Bong-Soon Chang 

Department of Orthopedic Surgery, Seoul National University Bundang Hospital 
and Seoul National University College of Medicine, Seongnam, Korea

Purpose: The purposes of this study were to investigate 
trends in the incidence and mortality of vertebral fractures 
in Koreans aged 50 years or older from 2008 to 2016 using 
nationwide data from the National Health Insurance Service 
(NHIS).
Materials and Methods: A nationwide data set was evaluated 
to identify all new visits to medical institutes for vertebral 
fractures in men and women aged 50 years or older between 
2008 and 2016. To identify patients with vertebral fractures, 
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we searched for claims listing an ICD-10 code of vertebral 
fractures. To ensure the specificity of our cohort, each 
fracture code had to be accompanied by a physician claim 
for site-specific fracture reduction or fixation (such as 
vertebroplasty or kyphoplasty) and radiologic imaging study 
code.
Results: The number of vertebral fractures increased over the 
time span studied. Men and women experienced 21,765 and 
81,940 vertebral fractures in 2008 and 37,000 and 122,056 in 
2016, respectively. This reflects an increase in the incidence 
of vertebral fractures for both genders (men, 365.2/100,000 
in 2008 and 437.0/100,000 in 2016; women, 1171.6/100,000 
in 2008 and 1281.7/100,000 in 2016). The cumulative 
mortality rate in the first year after vertebral fractures was 
9.24% in men and 4.21% in women from 2013 to 2015. 
The overall standardized mortality ratio (SMR) of vertebral 
fractures at 1 year post-fracture was higher in men (9.74, 
95% CI: 9.54-9.93) than in women (4.31, 95% CI: 4.24-4.38).
Conclusions: Our study showed that the incidence of 
vertebral fractures increased in Korea in the last 8 years, and 
vertebral fractures were more common in women. However, 
the mortality rate was higher in men, reaching 9.24% in 1 
year. Vertebral fractures occurred in large numbers, and the 
mortality rates were relatively high. Thus, first vertebral 
fracture may be considered as an early warning of high risk 
for mortality, especially in men.
Keywords: Vertebral fracture, Osteoporosis, National claim 
data, Incidence rate, Mortality rate

Miscellaneous I

S081
 
Complex Revision Spine Surgeries: How to do it 
Right?

Harshil Rajesh Patel, Jayprakash Vrajlal Modi, Pratik Hisrani

Civil Hospital Ahmedabad, India

Purpose: Spine surgery produces excellent clinical outcomes 
in properly selected patients. Still, there is a cohort of patients 
who fail to achieve resolution of pain following index 

surgery, opting for revision surgery. Revision spine surgery 
is becoming an important part and parcel of spine surgeons’ 
armamentarium nowadays, but when faced with complexities 
like hardware failure, sagittal/coronal malalignment, 
infection, osteoporosis, it is still considered a nightmare one 
should avoid. So, the purppose here is to analyse the outcome 
after various complex revision spine surgeries and enumerate 
essential tactics for obtaining optimum results. 
Materials and Methods: Prospective single centre study. 
Patients who failed to improve after primary spine surgery 
and with conservative measures thereafter due to implant 
failure, infection, adjacent segment degeneration were 
included. Patients with only recurrent disc herniation were 
excluded. Perioperative(blood loss, surgical time, hospital 
stay, complications), clinical (ODI, VAS score and nurick 
grade) and radiological parameters(fusion/instability) were 
evaluated. Neuromonitoring was used in all cases.
Results: 21 patients (M: F=5:1) with mean age of 46.8 years 
and follow-up period of 10.2 months were evaluated. Mean 
blood loss was 405ml, mean surgical time was 170 minutes 
and mean hospital stay was 4.6 days. 3 patients underwent 
revision surgery in cervical spine,4 in dorsal spine and 14 
in thoracolumbar /lumbar spine. Causative factors were 
as under: cage retropulsion/backout- 6, Adjacent segment 
degeneration- 5, Pedicle screw breakage/backout with 
collapsing deformity-6, Spondylodiscitis with/without huge 
abscess-4. Significant improvement was noted in clinical 
parameters(mean pre/post-operative VAS=7.2/3.1, pre/
postoperative ODI=78.3/16.8, nurick grades=4/2). Fusion 
was noted in all but 2 patients,who were also asymptomatic. 
There was no neurological deficit or dural tear in any 
patients.
Conclusions: Revision spine surgery is a complex interplay 
between patients’ and surgeon expectations. Patient selection 
is the most important factor governing outcomes in revision 
surgery along with other pearls like use of ultrasonic bone 
scalpel leading to marginal reduction in surgical time and 
dural tears, thorough decompression by developing proper 
plane between duramater and overlying fibrosis along with 
removal of adhesions all around the involved roots, adequate 
instrumentation(universal pedicle screw removal/rescue 
scews) and meticulous hemostasis. Even the most complex 
of revision spine surgeries yield optimum outcomes if done 
in suitable patient and with proper principles followed.
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degeneration

S082

Evaluation of the Authorship and Quality of 
Information on the Internet Web Sites Regarding 
Cervical Disc Herniation in Korea

Chang Hwa Hong, Si-Jhon Hong, Yong Cheol Hong 

Department of Orthopedic Surgery, Soonchunhyang University Hospital, Seoul, 
Korea

Purpose: The purpose of this study was to assess the authorship 
and quality of internet information available to patients 
regarding cervical disc herniation.
Materials and Methods: Studies show that three quarters of 
Korean population regularly access and search for medical 
information on internet websites. While a large amount of 
information exists on the website, there is a possibility that 
patients will be mistreated due to inaccurate information and 
misunderstandings because there are no established criteria 
for qualitative evaluation. In addition, little research has 
been conducted on websites that provide information about 
cervical disc herniation.: The search term, ‘‘cervical disc 
herniation.’’ was entered into the four most popular search 
engines. The first 25 web sites displayed by each engine 
were selected for inclusion in this study and categorized 
as academic, commercial, physician, non-physician and 
unspecified based on authorship. Assessment of information 
was performed in terms of accuracy scores, content quality 
scores and total summary score for each web site.
Results: Among theoretical total of 100 web sites, 65 unique 
and relevant websites were identified. By categorization, 
physician websites accounted for 22%, academic 15%, 
commercial 25%, non-physician 30% and unspecified for 
8%. The mean content quality score (CQS), mean accuracy 
score (AS) and total summary score (TSS) was 10.96, 5.14 
and 20.75 respectively. In terms of TSS, academic websites 
obtained the highest score and non-physician scored lowest 
with statistically significance (p-value 0.03).
Conclusions: Regarding the proportion of each category, non-
physician websites were the highest with poorest quality 

score. In contrast, academic websites obtained the highest 
quality score, accounted for only 15%. Thus, institutional 
supplementation is needed to improve the use of medical 
information on the Internet.
Keywords: Cervical disc herniation, Quality of information, 
Web site

S083
 
Does Aortic Calcification affect BMD Assessment 
Using Dual Energy X-ray Absorptiometry?: Linear 
Regression Analysis

Jae Hyup Lee, Min Jun Cho* 

Department of Orthopedic Surgery, Seoul National University, College of 
Medicine, Seoul, Korea 
*Department of Orthopedic Surgery, SMG-SNU Boramae Medical Center, 
Seoul, Korea

Purpose: Aortic calcification is very common in elderly 
patients, but the effects of aortic calcification on BMD 
measurements have not been elucidated. In this study, we 
analyzed the factors affecting BMD using dual energy X-ray 
absorptiometry (DXA), X-ray and CT. 
Materials and Methods: From October 2014 to December 
2016, all patients who underwent both DXA and Lumbar 
CT within 1 year were included. Among 667 patients, 
620 patients (153 males and 467 females), excluding 47 
patients who underwent three or more fractures or three or 
more segments of spinal surgery between L1 and L4, were 
included. The BMD of L1 to L4 were linearly regressed with 
independent variables, such as sex, age, BMI, fracture of 
each segment, fusion operation, volume of Aortic calfication 
of each segment, facet joint arthritis of each segment, and 
grading of osteoporosis medication. Facet joint arthritis and 
volume of aortic calcification were measured by CT.
Results: Regarding the natural logarithm of BMD, both 
L1 and L4 were confirmed to have normality and satisfied 
independence, iso-dispersion, and multicollinearity. Sex, 
BMI, Facet joint arthritis showed a positive correlation and 
Age showed a negative correlation in all the segments of 
L1 to L4 (p<0.001). Volume of aortic calcification showed 
a positive correlation with BMD in L3 and L4 (p=0.005, 
p=0.002).
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Conclusions: In patients with severe aortic calcification, Spine 
BMD may be overestimated and care should be taken to 
diagnose osteoporosis.
Keywords: Aortic calcification, Facet joint arthritis, BMD, 
DXA, Osteoporosis

Deformity I

S028

Does Sacral Slanting affect Postoperative Shoulder 
Imbalance in Lenke Type 2A AIS?

Suk Kyu Lee, Chang Ju Hwang, Choon Sung Lee,  
Jae Hwan Cho, Jae Woo Park, Ho Lee, Se Han Park,  
Jae Hong Park, Kook-Jong Kim, Dong-Ho Lee 

Department of Orthopedic Surgery, Asan Medical Center, University of Ulsan 
College of Medicine, Seoul, Korea

Objective: To investigate the identify risk factors for PSI 
(postoperative shoulder imbalance) and relationship between 
sacral slanting and PSI in Lenke type 2A adolescent 
idiopathic scoliosis (AIS). 
Materials and Methods: A retrospective review was conducted 
of 96 consecutive patients who underwent deformity 
correction and posterior fusion with a Lenke type 2A curve, 
minimum 2-year follow-up. Preoperative; 1-month, 6-month, 
1-year postoperative; and final follow-up radiographs were 
taken. The patients were grouped into sacral slanting positive 
and negative and PSI positive and negative follow-up groups. 
Radiological and clinical parameters including sacral slanting 
were investigated to identify risk factors associated with PSI.
Results: Of the 96 patients, 57 had sacral slanting of more 
than 3°, and 11 patients had radiographic shoulder height 
(RSH) difference measuring more than 20 mm. PSI had 
larger preoperative PTC (proximal thoracic curve) at 38.1° 
(p=0.019), and there was no difference in demographic and 
radiographic parameters before the surgery. There also was 
no significant difference in preoperative and postoperative 
RSH among the sacral slanting groups (p=0.648). Patients 
with right sacral slanting showed a statistically significant 
difference in DWA (distal wedge angle) after surgery, DWA 

was increased in the right sacral slanting group (p=0.04). 
RSH tended to decrease in follow-up observations after 
surgery. 
Conclusions: PTC is the risk factors that influence PSI, other 
preoperative and postoperative factors did not affect PSI. 
After surgery, the left shoulder raised, it gradually decreased 
over time. If there is a slanting to the right, the trunk tilts to 
the right, so the left shoulder is expected to rise, but actually, 
the DWA is increasing to the right side not affect PSI. 
Keywords: Sacral slanting, Postoperative shoulder imbalance, 
Lenke type 2A adolescent idiopathic scoliosis

S029

Significance of Sarcopenia in Sagittal Imbalance

Byung-Jik Kang, Jin-Sung Park*, Ye-Soo Park 

Department of Orthopedic Surgery, Guri Hospital, Hanyang University College 
of Medicine, Guri, Korea 
*Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, Korea

Purpose: The aim of this study was to analyze the association 
between sarcopenia and sagittal imbalance. 
Materials and Methods: This study included 71 female patients 
aged between 60 and 85 years. Entire-spine radiography was 
used to measure radiological parameters. A bioelectrical 
impedance analyzer was used to measure the skeletal muscle 
mass index (SMI). Gait velocity (GV), and hand grip strength 
(HGS) were examined as well. Lumbar spine magnetic 
resonance imaging (MRI) was employed to measure the 
functional cross-sectional area (FCSA) and fat signal fraction 
(FSF) of the paraspinal muscle as well. The subjects were 
grouped as sagittal imbalance (sagittal vertical axis [SVA] > 
50 mm; SI group) and balance (SVA ≤50 mm; SB group).
Results: The SI group patients were significantly older and 
had a lower hip BMD than the SB group patients (p=0.001 
and 0.047, respectively). In addition, the SI group showed 
significantly lower GV, HGS, and SMI than the SB group 
(p <0.001, <0.001, and=0.002, respectively). Moreover, the 
prevalence of sarcopenia was significantly higher in the SI 
group (56.7%) than in the SB group (17.1%) (p=0.001). The 
SI group also showed a significantly lower FCSA and higher 
FSF than the SB group (p<0.001). In the multivariate linear 



Volume 27  •  Number  S1  •  August 2020

www.krspine.orgS46

regression analysis, the FSF (β=1.818, p<0.001) and SMI 
(β=-11.571, p<0.001) were significantly correlated with the 
SVA (p<0.001).
Conclusions: Sarcopenia and fatty degeneration of paraspinal 
muscle are closely related to sagittal imbalance in the elderly.
Keywords: Sagittal imbalance, Sarcopenia, Skeletal muscle 
mass index, Fatty degeneration 

S030

The Cause of Upper Instrumented Vertebral Fracture 
is Low Occupancy Rate of the Pedicle Screw in the 
Vertebral Body

Shin Oe

Hamamatsu University, Japan

S031

Updates in Pelvic Fixation: The S2AI (Sacro-alar-iliac) 
Screw

Matthew David Chong

Adventist Health Spine Institute

Purpose: Over the past decade, there has been significant 
advancements in pelvic fixation with increasing popularity 
and adoption of the S2AI (sacro-alar-iliac) screw technique. 
The primary objective of this study was to assess the clinical 
outcomes in patients with S2AI screws as the mode of pelvic 
fixation in their distal spinal constructs.
Materials and Methods: This was an observational consecutive 
case series with retrospective chart review from a single 
attending surgeon practice. Indications for pelvic fixation with 
S2AI screws included degenerative scoliosis, neuromuscular 
scoliosis, high grade L5-S1 spondylolisthesis, osteoporosis, 
unstable sacral fracture, pelvic obliquity, lumbar kyphosis, 
L5-S1 pseudoarthrosis. The primary outcome endpoints 
were the incidence of re-operation, surgical site infections, 
wound dehiscence, symptomatic screw prominence, major 
complications (rod breakage between L4-S1, failure of 

S1 screws, prominent screws requiring removal), minor 
complications (rod breakage between S1 and S2AI without 
failure of S1 screws).
Results: 14 patients were included between 2016-2019. 
The average clinical plus radiographic follow-up was 10 
months. The incidence of re-operation, surgical site infection, 
wound dehiscence, symptomatic screw prominence, major 
complications was 0% (0/14). There was a 14% minor 
complication rate with two cases of unilateral rod fracture 
between S1 and S2AI screw without failure of S1 screw. 
Amongst these two cases, one went on to stable L5-S1 
pseudoarthrosis that has not required revision surgery.
Conclusions: The S2AI (sacro-alar-iliac) screw as a mode 
of pelvic fixation is associated with excellent clinical 
outcomes including very low rates of re-operation, surgical 
site infections, wound dehiscence, symptomatic screw 
prominence, and major/minor complications. Although 
a small sample size from a single surgeon practice, these 
findings are in line with recent literature which suggests 
superior clinical outcomes with the S2AI screw compared to 
more conventional iliac screws.
Keywords: S2AI screw, Pelvic fixation, Deformity, Iliac screw 

Deformity II 

S032

Feasibility of Single-Staged Posterior Spinal Fusion 
without Osteotomies in Reducing Perioperative 
Morbidity Among Patients with Severe Rigid 
Idiopathic Scoliosis

Weng Hong Chung, Chris Yin Wei Chan, Yuki Mihara*,
Sin Ying Lee, Pei Ying Ch’ng, Mohd Shahnaz Hasan†,
Chee Kidd Chiu, Mun Keong Kwan

Department of Orthopaedic Surgery, Noceral, Faculty of Medicine, University 
Malaya, Kuala Lumpur , Malaysia 
*Department of Orthopaedic Surgery, Hamamatsu University, School of 
Medicine, Shizuoka, Japan 
†Department of Anaesthesiology, Faculty of Medicine, University Malaya, Kuala 
Lumpur, Malaysia

Purpose: Combined anterior-posterior approaches and three 
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column osteotomies were associated with high perioperative 
morbidities in the treatment of severe rigid idiopathic 
scoliosis. However, the feasibility of single-staged Posterior 
Spinal Fusion (PSF) without osteotomies in patients with 
severe rigid idiopathic scoliosis was unknown. We aimed 
to report the perioperative outcome of single-staged PSF 
without osteotomies in patients with severe rigid idiopathic 
scoliosis (Cobb angle ≥90° and ≤30% flexibility).
Materials and methods: Forty-one patients with severe rigid 
idiopathic scoliosis (Cobb angle ≥90° and ≤30% flexibility) 
who underwent single-staged PSF without osteotomies 
were reviewed. The perioperative clinical parameters were 
operation duration, intraoperative blood loss, intraoperative 
hemodynamic parameters, preoperative and postoperative 
hemoglobin, transfusion rate, patient-controlled anesthesia 
(PCA) morphine usage, length of postoperative hospital stay 
and perioperative complications. The radiological parameters 
included preoperative and postoperative Cobb angle, Side 
Bending Flexibility, Correction Rate and Side Bending 
Correction Index (SBCI).
Results: The mean age in this cohort was 16.9±5.6 years. 
The mean operation duration was 215.5±45.2 minutes while 
mean blood loss was 1752.6±830.5 mL. Ten patients (24.4%) 
received allogeneic blood transfusion. The mean total PCA 
morphine usage was 17.8±14.5 mg. The mean length of 
postoperative hospital stay was 76.9±26.7 hours. The mean 
preoperative Cobb angle was 110.8±12.1° with mean side 
bending flexibility of 23.1±6.3%. The mean postoperative 
Cobb angle was 54.4±12.8°. The mean Correction Rate and 
SBCI were 50.9±10.1% and 2.5±1.6, respectively. When we 
compared the differences between first and second half of 
the study duration (total of 9 years), there was significantly 
shorter operation duration and reduced blood loss in the 
second half. Four perioperative complications (9.8%) were 
reported: one patient with intraoperative somatosensory 
evoke potential signal loss, one superficial infection, one 
lung collapse and one superior mesenteric artery syndrome.
Conclusions: Single-staged PSF without osteotomies was a 
feasible option in the treatment of severe rigid idiopathic 
scoliosis and demonstrated a mean Correction Rate of 50.9%, 
operation duration of 215.5 minutes, blood loss of 1.7 L, 
length of postoperative stay of 76.9 hours and perioperative 
complication rate of 9.8%.
Keywords: Severe rigid, Idiopathic scoliosis, Single-staged, 

Posterior spinal fusion, Perioperative, Outcome, Morbidity, 
Complication

S033

Can we Perform Posterior Spinal Fusion Surgeries 
Safely in Adolescent Idiopathic Scoliosis Patients with 
Menses?

Chee Kidd Chiu, Siti Mariam Abd Gani, Yuki Mihara*, 
Weng Hong Chung, Chris Yin Wei Chan,  
Mun Keong Kwan 

University Malaya, Kuala Lumpur, Malaysia 
*Hamamatsu University, Japan 

Purpose: We conducted this study to identify whether active 
menses affect the blood loss in Adolescent Idiopathic 
Scoliosis (AIS) patients undergoing Posterior Spinal Fusion 
(PSF) surgeries.
Materials and Methods: This was a propensity score match 
study using retrospective data of female AIS patients who 
underwent PSF. Patients were divided into Group 1: patients 
who had menses during PSF surgery and Group 2: patients 
who had no menses during PSF surgery. Preoperative data 
that were collected included age, height, weight, body 
mass index (BMI), Lenke curve classification, Risser sign, 
preoperative Cobb angle, preoperative Side Bending (SB) 
Cobb angle and flexibility. Preoperative blood markers such 
as hemoglobin level, platelet, prothrombin time, international 
normalized ratio (INR) and activated partial thromboplastin 
time (APTT) were traced. Operation duration, intraoperative 
blood loss, amount of salvaged blood, number of patients 
required transfusion, number of screws and fusion level were 
collected. Postoperative data which included postoperative 
hemoglobin, wound length, postoperative Cobb angle, 
postoperative length of hospital stay and postoperative 
complications were also traced. Intraoperative Blood 
Loss (IBL), Estimated Blood Volume (EBV), normalized 
intraoperative blood loss and Correction Rate (CR) were 
calculated. 
Results: Data of 372 female patients were extracted from 
database and categorized into Group 1 and Group 2 
according to their active menses phase during surgery: 55 
patients had active menses (Group 1) and 317 patients did not 
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have active menses (Group 2). To eliminate bias, propensity 
score matching analysis was used: 46 patients from Group 
1 was matched to 46 patients in Group 2. The mean age for 
Group 1 was 15.9 4.2 years and Group 2 was 15.0±3.7 years. 
When comparing the demographic data which included: age, 
height, weight, BMI, Lenke curves classification, operation 
duration, wound length, number of screws, fusion level, 
screw density and preoperative Cobb angle between the 
two groups, no significant differences were found. There 
was no significant difference in terms of the intraoperative 
blood loss (IBL), normalized intraoperative blood loss, 
amount of salvaged blood during the surgery, preoperative 
and postoperative hemoglobin, hemoglobin drift, Estimated 
Blood Volume (EBV), IBL per EBV and IBL per level fused. 
Conclusions: In conclusion, we found that there was no 
significant difference in blood loss among AIS patients when 
PSF surgeries were performed during active menses or not. 
The risk of intraoperative bleeding in PSF surgery was not 
increased in AIS patients who were having active menses.
Keywords: Posterior spinal fusion, Adolescent idiopathic 
scoliosis, Menses, Intraoperative blood loss

S034
 
Incidence and Medical Utilization Pattern of 
Idiopathic Scoliosis

Sahyun Sung, Soo-Bin Lee, Ji-Won Kwon*, Jae-Ho Yang, 
Kyung-Soo Suk, Hak-Sun Kim, Seong-Hwan Moon, 
Hwan-Mo Lee, Byung-Ho Lee

Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea 
*Department of Orthopedic Surgery, National Health Insurance Corporation 
Ilsan Hospital, Goyang, Korea

Purpose: To identify the incidence of idiopathic scoliosis and 
medical facility utilization pattern using nationwide database.
Materials and Methods: An age-matched, nationwide, and 
population-based study was performed using the National 
Health Insurance and Health Insurance Review and 
Assessment Service databases between 2011 and 2015. Data 
of patients diagnosed with idiopathic scoliosis were extracted 
using diagnosis code from the International Classifications 
of Disease, Tenth revision. The incidence rates of idiopathic 
scoliosis by age group, sex, and region were identified. We 

also investigated the pattern of medical institution use and 
surgery rate of patients with idiopathic scoliosis.
Results: Total 268,372 patients were diagnosed with 
idiopathic scoliosis. The overall incidence was 497 per 
100,000 persons, and the incidence of female was 1.44 times 
higher than that of male. The mean age at diagnosis was 13.6 
years, and there was no gender difference. By age group, the 
incidence of infantile idiopathic scoliosis (0-2 years) was 29 
per 100,000 persons, and there was no difference between 
males and females. The incidence of juvenile idiopathic 
scoliosis (3-9 years) was 192 per 100,000 persons, and it was 
1.05 times higher in females. The incidence of adolescent 
idiopathic scoliosis patients between 10 and 14-year-old 
was 821 per 100,000 persons and it was also 1.63 times 
higher in females. The incidence between 15 and 19-year-
old was 709 per 100,000 persons and female incidence was 
1.41 times higher. Both male and female urban population 
had higher incidence than rural population, and there was 
no difference in age at diagnosis. Most of the patients were 
diagnosed and followed up in primary care facilities, and 
most surgeries were performed in tertiary hospitals (87.3%). 
Survival analysis confirmed that 0.7% of diagnosed patients 
underwent surgical treatment within five years. Female 
patients diagnosed at 10-14 years had the highest rate of 
1.54%.
Conclusions: The incidence of idiopathic scoliosis was found 
to be high in those aged 10 to 14 years, female
Keywords: Idiopathic scoliosis, Incidence, Nationwide, Medical 
utilization

S035

Optimal Correction of Lumbar Lordosis for Lumbar 
Degenerative Kyphosis with Sagittal Imbalance in 
Patients Over Age 65

Ki Young Lee, Jung-Hee Lee, Sang-Kyu Im, Hae Seong Lim

Department of Orthopedic Surgery, Graduate School, College of Medicine, Kyung 
Hee University Hospital, Seoul, Korea

Purpose: The prevalence of Adult spinal deformity (ASD) 
is increasing as the average age of the population increases. 
Optimal surgical correction for patients with ASD is 
necessary. But the target values reported in various studies 
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were from different age groups and etiologies, so there 
are several problems with applying these values to elderly 
patients. Therefore, we subdivided Schwab’s target value of 
pelvic incidence (PI) – lumbar lordosis (LL), and evaluated 
the patients who were over the age of 65 years and diagnosed 
with single etiology of lumbar degenerative kyphosis (LDK).
Materials and Methods: A total of 121 patients over age 65 
who were followed for more than 2 years after ASD surgery 
were enrolled. Based on the correction angle of their LL and 
incorporating PI, the patients were divided into 5 groups 
using the Schwab classification. Clinical and radiologic 
parameters were analyzed: Group 1 was 10<PI-LL, group 2 
was 0<PI-LL ≤10, group 3 was -10<PI-LL≤0, group 4 was 
-20<PI-LL ≤-10, and group 5 was PI-LL≤-20.
Results: The groups that showed 80% or more optimal 
sagittal alignment at their postoperation (Post) and the last 
follow-up (Last), were group 3, 4, and 5. Post and Last 
thoracic kyphosis (TK) were increased naturally. Pelvic tilt 
(PT) was decreased, but group 1 and 2 did not meet Schwab’s 
target value. Based on correlation test with Post sagittal 
vertical axis (SVA), TK correction and SVA correction, 
Post lumbosacral angle, Post LL, PI-LL, and Post PT were 
associated. Logistic regression analysis with these correlation 
factors led to risk factors of Post sagittal imbalance, and after 
confirming the significance of each path, it was confirmed 
that the effect of PI-LL (p<0.05) was valid. After using ROC 
curve, target value of PI-LL was <1.33.
Conclusions: Our study showed that in LDK patients over 
age 65, risk factor of Post sagittal imbalance was the value of 
PI-LL, and target value of PI-LL was <1.33. Therefore, our 
study can be an effective guideline for spine reconstruction 
surgeries for elderly patients based on Schwab’s formula.
Keywords: Adult spinal deformity, Pelvic incidence, Lumbar 
lordosis, Sagittal vertical axis 

Deformity III

S036

Improvement in Gait Pattern and Its Relationship 
with Preoperative Pelvic Compensation After 
Surgery in Patients with Sagittal Plane Deformity

Hee Soo Han, Ho-Joong Kim, Oh Sang Kwon 

Department of Orthopedic Surgery, Seoul National University of Bundang 
Hospital, Seongnam, Korea

Purpose: To investigate the degree of improvement in gait 
parameters after surgery and whether corrective surgery 
for sagittal imbalance would be influenced by preoperative 
pelvic compensation.
Materials and Methods: The present study was a prospective 
observational study. A total of 32 patients were included in 
this study between September 2016 and November 2018. 
All patients underwent corrective surgery for ASD with 
positive sagittal balance and were followed-up for 1 year 
after surgery. SVA, PT, and PILL values for spinopelvic 
balance, CoG deviation from the CoM , mean TK angle, and 
GDI score for gait parameters, ODI and EQ-5D for clinical 
outcomes were measured preoperatively, postoperatively, 
and 1 year later. 
Results: SVA, PT, and PILL values for spinopelvic balance, 
showed a significant improvement compared to the 
preoperative values. For gait parameter, CoG from the CoM, 
mean TK angle, and minimum angle of the hip and knee joints 
in the stance phase during walking were significantly decreased 
after corrective surgery compared to the preoperative values. 
GDI scores for both legs significantly improved after corrective 
surgery. ODI and EQ-5D for clinical outcomes significantly 
improved with time in the entire group. 
Conclusions: In conclusion, we demonstrated that a preoperative 
abnormal stooping gait in patients with sagittal plane deformity 
improved after corrective surgery. In addition, progressive 
worsening of sagittal imbalance during or after walking was 
resolved after corrective surgery. Lastly, patients with dynamic 
sagittal imbalance could have similar surgical results after 
corrective surgery.
Keywords: Sagittal imbalance, Corrective angle, Pelvic 
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compensation 

S037 

Impact of Adult Spinal Deformity Corrective Surgery 
in Patients with the Symptoms of Gastroesophageal 
Reflux Disease: A Five-year Follow-up Report

Tomohiko Hasegawa, Yu Yamato, Hiroki Ushirosako, 
Go Yoshida, Tatsuya Yasuda, Tomohiro Banno,  
Hideyuki Arima, Shin Oe, Tomohiro Yamada,  
Koichiro Ide, Yu Watanabe, Yukihiro Matsuyama*

Department of Orthopedics, Hamamatsu University School of Medicine, Japan 
*Department of Orthopedics, Hamamatsu University School of Medicine, Italy

Purpose: Gastroesophageal reflux disease (GERD) is reported 
as one of the symptoms of adult spinal deformity (ASD) 
due to abdominal pressure increasing. However, little is 
known about the improvement of GERD symptoms after 
ASD surgery especially about middle and long-term results. 
Therefore, this retrospective study from prospectively 
collected database aimed to investigate GERD symptoms 
in patients for a minimum of 2 years after ASD corrective 
surgery.
Materials and Methods: 230 patients (mean age: 64 years) 
who underwent ASD surgery were examined using the 
frequency scale for the symptoms of GERD (FSSG) 
questionnaires for diagnosis of GERD. We defined ASD 
surgery patients as follows: Patients over 18yo who have any 
of scoliosis30 degrees, thoracic kyphosis 60 degree, pelvic 
incidence-lumbar lordosis 20, pelvic tilt 20 degree, sagittal 
vertical axis 50 mm, local kyphosis 30 degree or more in 
preoperative radiographic parameters and have undergone 
correction 360-degree osteotomy or fixation 5 vertebrae or 
more. FSSG scores HRQOL and radiographic parameters 
were investigated preoperatively and postoperatively at 6 
months and 1, 2, and 5 years.
Results: In total, 90 (39%) patients were preoperatively 
diagnosed with GERD defined by FSSG score ≥8 points. 
Radiographic results showed that the corrective surgeries 
improved local and global alignments. In the GERD patients, 
preoperative FSSG scores (16.1±7.3 points) significantly 
improved to 7.7±7.4 points within 6 months postoperatively 
(p<0.001), and postoperative FSSG scores maintained at 

1 year (9.9±8.2 points, p=0.061), 2 years (9.7±8.2 points, 
p=0.086), and 5 years (9.4±8.0 points, p=0.177). Among the 
GERD group, 62 patients (69%; improvement cases) showed 
improvement of GERD symptoms defined by FSSG score <8 
points within 6 months postoperatively.
Conclusions: Among ASD patients, 39% were diagnosed with 
GERD. In 69% of these patients, GERD symptoms improved 
within 6 months of corrective surgery and maintained up to 5 
years postoperatively.
Keywords: Adult spinal deformity, Corrective surgery, 
Gastroesophageal reflux disease 

S038

Sarcopenia and Back Muscle Degeneration as Risk 
Factors for Degenerative Adult Spinal Deformity 
with Sagittal Imbalance and Degenerative Spinal 
Disease: A Comparative Study

Whoan Jeang Kim, Dae Geon Song, Jong Shin Lee, 
Kun Young Park, Jae Won Lee, Shann Haw Chang, 
Jin Hyun Bae, Won Sik Choy

Department of Orthopedic Surgery, Eulji University Hospital, Daejeon, Korea

Purpose: To investigate whether spinal alignment in degenerative 
adult spinal deformity with sagittal imbalance is related to 
isolated paravertebral muscle degeneration or to sarcopenia.
Materials and methods: A total of 108 patients who visited 
our institution between January 2016 and June 2018 were 
included. Patients were categorized into the following 
groups: degenerative adult spinal deformity with sagittal 
imbalance (DASD+SI) group and degenerative spinal disease 
(DSD) group. Appendicular skeletal muscle mass index 
(ASMI) and hand grip strength (HGS) of each patient were 
measured to evaluate sarcopenia. Computed tomography 
was used to measure cross sectional (CSA) area and fat 
infiltration (FI) rate for evaluating paravertebral muscle 
morphology. Paravertebral muscle function was assessed by 
measuring lumbar flexor strength (LFS) and lumbar extensor 
strength index (LESI) with a lumbar isokinetic dynamometer. 
Spinopelvic parameters were evaluated using whole spine 
standing radiographs and results were compared between the 
DASD+SI and DSD groups. Correlation analysis between 
radiologic and clinical parameters was also performed.
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Results: The DASD+SI group had lower CSA index and 
LESI and higher FI rate than the DSD group. No statistically 
significant difference in ASMI and HGS was found between 
the groups. Only CSA showed a correlation with radiologic 
parameters in pelvic tilt and lumbar lordosis.
Conclusions: Degeneration of the paravertebral muscle 
is a risk factor of degenerative adult spinal deformity 
with sagittal imbalance rather than sarcopenia, indicating 
that spinal sagittal imbalance was affected by isolated 
paravertebral muscle degeneration rather than by systemic 
muscle degeneration.
Keywords: Sarcopenia, Spinal sagittal imbalance, Back muscle 
degeneration, Degenerative adult spinal deformity with sagittal 
imbalance, Degenerative spinal disease

Deformity IV

S039

How Much Can Iliac Screws Prevent L5-S1 
Pseudoarthrosis After Long Fusion Surgery for Adult 
Spinal Deformity? CT-based Risk Analysis with 
2-year Follow-up

Yunjin Nam, Chong-Suh Lee, Se-Jun Park, 
Jin-Sung Park, Youn-Teak Choi

Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University, Seoul, Korea

Purpose: Iliac screw fixation is commonly known as 
a preventing method for decreasing the nonunion of 
lumbosacral junction. The purpose of this study was to 
investigate the risk factors for nonunion of lumbosacral 
junction following long instrumented fusion from 
sacrum (>=4) with postoperative 2 years using computed 
tomographic scan despite additional iliac screw fixation.
Materials and Methods: There were 77 adult patients with 
degenerative lumbar disease, who were instrumented 
fusion from sacrum to at least L2 with additional iliac 
screw fixation. All the patients were analyzed by computed 
tomographic scan with minimum 2-year follow-up. Pre- 
and post-operative sagittal balance parameters, age, sex, 

BMD, BMI, associated morbidities, length of fusion, fusion 
methods and levels of intercrestal line were examined 
as independent variables to identify the risk factors that 
affect union rate at the lumbosacral junction. In addition, 
multivariate logistic regression analysis was performed with 
the risk factors of nonunion that p value was lower than 0.1 
in univariate analysis.
Results: Of the 77 patients, 12 (15.58%) patients had 
nonunion at the lumbosacral junction. Univariate analysis 
revealed that long fusion levels more than 7 (above T11) 
(p=0.0407) and ASA class 2-3 (p=0.0012) have significant 
difference between fusion and nonunion rate. Next, these 
factors are analyzed by multivariate analysis. As a result, 
ASA class 2-3 had Odds ratio of 16.26 and long fusion levels 
had odds ratio of 4.35.
Conclusions: Although additional iliac screw fixation was 
performed to prevent the nonunion, 12 (15.6%) patients had 
nonunion at the lumbosacral junction after long level fusion. 
Fusion level above T11 and high ASA class were identified 
as risk factors of nonunion.
Keywords: Lumbosacral junction, Iliac screw, Nonunion, 
Risk factor 

S040

Effects of Sagittal Balance Restoration on Adjacent 
Level Degeneration in Instrumented Lumbar Fusions

Hun-Chul Kim, Young-Hoon Kim, Sang-Il Kim

Department of Orthopedic Surgery, Seoul St. Mary’s Hospital, The Catholic 
University of Korea, Seoul, Korea

Purpose: Adjacent level degeneration (ALD) is one of 
hereditary problems of degenerative spinal disorders 
and known to be related to fusion surgery. Even various 
confounding factors are related to the pathomechanism of 
this consequence, this study was designed to investigate the 
effects of surgical restoration of sagittal balance on ALD 
after long level lumbar fusion. 
Materials and Methods: From 2003 to 2015, patients who 
underwent more than 4 level lumbar fusion surgery with L2 
as an upper level and sacral± iliac as a lower fusion level 
were recruited. A total of 73 patients were finally enrolled, 
and the patients were divided into 2 groups according to 
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postoperative restoration of sagittal balance (PI-LL ≥, 
<9°): 44 patients (group I, including 10 pedicle subtraction 
osteotomy (PSO)) showed matched sagittal balance and 29 
(group II) showed mis-matched one. General demographics, 
sagittal radiographic parameters and clinical outcomes 
were recorded. Preoperative disc degeneration at L1-2 was 
evaluated with Pfirmann grade and K-L grade. Postoperative 
2 years disc degeneration at index level was evaluated with 
K-L grade. More than grade 3 degeneration and increase of 1 
grade in K-L grade compared to preoperative one at the index 
level were defined as a radiologic ALD following surgery.
Results: Incidences of radiological ALD (group I, 11 
patients (25%); group II, 16 (55%)) and ODI score (group I, 
36.9±19.9; group II, 49.4±20.7) at postoperative 2 years were 
significantly higher in group II. Since group II presented 
relative higher pelvic tilt and lower lumbar lordosis compared 
to those of group I, subgroup analysis was done between the 
PSO patient and group II. In this subgroup analysis, even 
there was no significant differences in pelvic incidence, 
pelvic tilt and preoperative degeneration of the index level, 
group II showed higher incidence of radiographical ALD 
(PSO group, 1 patients (10%); group II, 16 (55%)) and worse 
clinical outcomes (ODI, 47±20.7 in PSO and 49.7±20.5 in 
group II). In univariate analysis, age, preoperative Pfirmann 
and K-L grade and postoperative lumbar lordosis and PI-
LL mismatch were related to the radiographical ALD. In 
multivariate analysis, preoperative Pfirmann grade (OR 4.2, 
95% CI 1.75-10.1) and PI-LL mismatch (OR 4.9, 95% CI 
1.5-15.4) showed significant relationship with radiographical 
ALD at postoperative 2 years.
Conclusions: Restoration of sagittal balance even with 
PSO may provide positive effects on the adjacent segment 
degeneration although other factors such as preoperative 
degeneration grade are also related to.

S041

Outcome and Safety Analysis of 3D-printed Patient-
Specific Pedicle Screw Jigs for Complex Spinal 
Deformities: A Comparative Study                         

Bhavuk Garg, Manish Gupta*, Dinesh Kalyansundram* 

All India Institute of Medical Sciences, New Delhi  
*India 

Background Context: Spinal deformities are very challenging 
to treat and have a great risk of neurologic complications 
because of hardware placement during corrective surgery. 
Various techniques have been introduced to ensure safe and 
accurate placement of pedicle screws. 
Purpose: We have focused on developing (3D) printing 
technique for complex spinal deformities in India. This study 
also aimed to compare the placement of pedicle screw with 
freehand technique.
Materials and Methods: A total of 20 patients were enrolled 
during the study: 10 operated with the help of 3D printing 
(group 1) and 10 were operated with freehand technique 
(group 2). Group 1 included six patients with congenital 
scoliosis, three with AIS, and one post-tubercular kyphosis, 
and Group 2 included 5patients with congenital scoliosis, 
four AIS, and one post-tubercular kyphosis. Primary 
outcomes were measured in terms of screw violation, and 
secondary outcomes were surgical time, blood loss, radiation 
exposure and complications. MIMICS Base v18.0 software 
was used for 3D reconstruction from CT images. 3Matic 
software was used to create a drill guide. A 3D printer from 
Stratasys Mojo with ABS P430 model material cartilage 
(a thermoplastic material) was used for the printing of the 
vertebra model and jigs. 
Results: No superior or inferior screw violation was observed 
in any of our patients. We found a significant difference 
(p=0.03) regarding perfect screw placement in favour of 3D 
printing. There were 13 Grade 2 medial perforations in the 
freehand group and 3 in the 3D printing group. There was 
no Grade 3 medial perforation in either group. The analysis 
showed a statistically significant (p=0.005) medial violation 
in the freehand group. Surgical time was significantly 
less (p=0.03) in the 3D printing group. Mean blood loss 
was higher in the freehand group but was not statistically 
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significant (p=0.3). Fluoroscopic shots required were less in 
number in the 3D printing group. There was no neurologic 
deficit in any of the patients.
Conclusions: In our study, statistically significant higher 
rates of accurate screw positioning and higher numbers of 
inserted screws with 3D printing were possible because 
of enhanced safety, particularly at apical levels. As such, 
spinal deformities are difficult to treat worldwide. These 
deformities are often neglected and present at a very late and 
a much more deformed state when their treatment becomes 
even more challenging. Developing these patient-specific 
drill templates will enable an average spine surgeon to treat 
them.

S042

The Significance of Posterior Fusion Bone Density on 
Mechanical Complications in Patients In Adult Spinal 
Deformity Patients who Underwent Thoracolumbar 
Three-column Osteotomy: Minimum Two Year 
Follow-up

Jae Hwan Cho, Darryl Lau*, Vedat Deviren*, 
Christopher P. Ames*

Department of Orthopedic Surgery, University of Ulsan College of Medicine, Asan 
Medical Center, Seoul, Korea 
*Department of Neurological Surgery, University of California San Francisco, 
USA

Purpose: Few studies have evaluated the relationship of 
fusion mass bone density to mechanical complications. This 
study was intended to assess the relationship of fusion mass 
bone density on CT and the development of RFs and PJK.
Materials and Methods: A retrospective review of a consecutive 
cohort of ASD patients who underwent thoracolumbar 3CO 
from 2007 to 2017 was performed. All patients underwent 
routine 1-year CT imaging and had at least 24 months follow-
up. Posterior fusion mass bone density was evaluated by 
measuring Hounsfield Unit (HU) on CT in 3 different regions 
(UIV, LIV, and osteotomy site). Fusion mass bone density 
was compared in patients with and without mechanical 
complications with multivariate analysis.
Results: A total of 165 patients (63.2 yrs, 33.5% male) were 
included in the study. Overall PJK rate was 18.8%, and 6.7% 

underwent PJK revision. Overall RF rate was 34.5% and 
20.6% underwent revision for RF. Among 57 patients with 
RF, 71.9% had pseudarthrosis. Sagittal parameters improved 
significantly: SVA (111.8 to 51.6 mm, p<0.001), and PI-LL 
(36.1 to 11.1 degrees, p<0.001). Fusion mass density did not 
differ between patients with or without RF. However, in RF 
patients with pseudarthrosis, there was significantly higher 
fusion mass density near the osteotomy compared to those 
without pseudarthrosis (515.7 HU vs. 354.2 HU, p=0.012). 
In regards to PJK, there was significantly lower density of 
posterior fusion mass at the UIV in patients who experienced 
PJK compared to patients without PJK (431.5 HU vs. 537.4 
HU, p=0.035).
Conclusions: Fusion mass density on CT is not correlated 
to RF, but greater bone density near the osteotomy was 
correlated to accompanying pseudarthrosis in patients with 
RFs. Patients with PJK tend to have less dense posterior 
fusion mass at the UIV. Assessing density of fusion mass on 
CT may be helpful in assessing the risk for RF in patients 
with pseudarthrosis and PJK.
Keywords: Bone density, Hounsfield unit, Rod fracture, 
Proximal junctional kyphosis, 3-column osteotomy, 
Thoracolumbar, Sagittal deformity 

Deformity V

S043

Spinal Fusion for Adolescent Idiopathic Scoliosis: 
Does Fusion at T2, T3 Or T4 Affect the Range 
of Motion of Cervical Spine And The Functional 
Outcome at the Cervical Spine?

Sabarul Afian Mokhtar, Kesavan Ramachandran 

Department of Orthopaedics and Traumatology Faculty of Medicine, Universiti 
Kebangsaan Malaysia (UKM)

Purpose: The study aimed to evaluate the relationship 
between upper instrumented vertebra (UIV) level and 
correlate with cervical range of motion and its functional 
outcomes in Adolescent Idiopathic Scoliosis (AIS) patients, 
treated with posterior instrumentation. The null hypothesis 
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was there is no significant difference between the selection 
of upper instrumented vertebra level and the range of motion 
of neck and functional outcome in Adolescent Idiopathic 
Scoliosis.
Materials and Methods: Forty-nine AIS patients that underwent 
posterior fusion with pedicle screw instrumentation were 
retrospectively evaluated. Patients were divided into three 
groups according to UIV level (T2, T3, T4). Patients who 
underwent spinal fusion for AIS was seen during clinic visit and 
range of motion (ROM) of neck including flexion, extension 
and lateral bending were measured using the cervical range of 
motion (CROM) device (Performance Attainment Associates, 
Roseville, MN, USA). Clinical outcomes were assessed using 
scoliosis research society (SRS)-22, questionnaires.
Results: Between groups, comparison analyses, post-
operative measurements of the range of movement for 
the cervical region shows less degree of flexion (55.93), 
extension (45.21), right lateral bend (37.79) and left lateral 
band (37.43) of UIV at T2 compared at T3 flexion (61.27), 
extension (53.80), right lateral bend (40.67) and left lateral 
band (41.60) and T4 flexion (60.85), extension (52.65), right 
lateral bend (39.40) and left lateral band (39.40). For the 
assessment of SRS22R, according to the components, overall 
continuous scoring and by its categorical grading, there was 
no statistically significant difference between the vertebrae 
instrumentation groups. 
Conclusions: In AIS patients that were treated with pedicle 
screw instrumentation with UIV selected at T2 are more 
likely to develop reduction in cervical ROM. However, this 
reduction in cervical ROM did not affect the clinical outcome 
scores. Hence, extending the fusion to appropriate level for 
shoulder balance seems reasonable.
Keywords: Scoliosis, Fusion, Range of motion

S044

Analysis of The Change Patterns of Sagittal 
Alignment Values After Selective Thoracic Fusion in 
Lenke 1 Adolescent Idiopathic Scoliosis According to 
Preoperative Thoracic Kyphosis Status

Se-Jun Park, Chong-Suh Lee, Jin-Sung Park,
Yunjin Nam, Youn-Teak Choi*

Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University, Seoul, Korea 
*Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University, Kiribati

Purpose: To demonstrate the different change patterns in 
reciprocal sagittal alignment values after selective thoracic 
fusion (STF) in Lenke type 1 adolescent idiopathic scoliosis 
(AIS) according to preoperative thoracic kyphosis (TK).
Materials and Methods: Ninety-three patients presenting with 
Lenke type 1 AIS treated by posterior STF with a minimum 
follow-up of 2-year were included in this study. Using whole 
spine radiographs, sagittal parameters including TK, LL, and 
upper lumbar lordosis (ULL) were compared preoperatively 
and at the last follow-up between a hypokyphosis 
group (preoperative TK <20°) and a normokyphosis 
group (preoperative TK ≥20°). Health-related quality of 
life (HRQOL) was assessed using SRS-30 and SF-36 
questionnaire at the last visit.
Results: The mean follow-up duration was 74.9 months. In 
the hypokyphosis group (35 patients), TK, LL, and ULL were 
statistically significantly increased after surgery by mean 
7.7°, 5.1°, and 3.7° (p<0.001, p<0.001 and p=0.001). In the 
normokyphosis group (58 patients), these parameters did not 
show significant changes after STF. Final TK was significantly 
lower in hypokyphosis group than that in the normokyphosis 
group (21.2° vs. 30.9°, p<0.001) while final LL did not differ 
between two groups (52.4° vs. 54.6°, p=0.194). HRQOL did 
not differ significantly between the two groups.
Conclusions: After STF in Lenke 1 AIS, TK and LL were 
statistically significantly increased through an increase in 
the mean ULL in the hypokyphosis group while those mean 
values did not change in the normokyphosis group. Despite 
the final mean value of the TK in the hypokyphosis group 
increasing by 7.7°, it was still statistically significantly 
lower than the final mean TK value in the normokyphosis 
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group which did not increase after STF surgery by posterior 
approach. However, HRQOL showed no significant 
difference between the two groups.
Keywords: Adolescent idiopathic scoliosis, Sagittal alignment, 
Selective thoracic fusion, Thoracic kyphosis 

S045

Rib Regeneration Morphology After Thoracoplasty 
in Adolescent Idiopathic Scoliosis

Yanchen Chu, Guoqing Tan*, Seung-Woo Suh†, 
Jae Hyuk Yang†, Se-Il Suk‡, Dong-Gune Chang‡,
Hong Jin Kim‡

The Affiliated hospital of Qingdao Univesity, Korea 
*Affiliated Hospital of Shandong University of Traditional Chinese Medicine, 
China 
†Department of Orthopedic Surgery, Korea University Guro Hospital, Seoul, 
Korea 
‡Department of Orthopedic Surgery, Inje University Sanggye Paik Hospital, 
Seoul,  Korea

Purpose: Studies on the physiological effects after thoracoplasty 
have been performed for several decades. However, rib cage 
anatomical regeneration patterns and reformation have been 
rarely studied. The purpose of this study was to evaluate the 
morphology of rib regeneration and to analyze the influence 
of demographics and curve characteristics on regeneration 
potential after thoracoplasty in the treatment of adolescent 
idiopathic scoliosis (AIS).
Materials and Methods: 120 AIS patients who underwent 
thoracoplasty with deformity correction were included. 
Patients were followed for more than 12 months and 
radiographic assessment was done at 3, 6, and 12 months. 
Conventional or short apical rib resection thoracoplasty 
was performed and 543 ribs were resected. Demographic 
and curve parameters were recorded and a rib regeneration 
classification was used to analyze regeneration. Computed 
tomography (CT) scan was performed only in selected 
patients (n=74).
Results: At end of 3, 6, and 12 months, 23, 45 and 60% of the 
ribs had fused respectively. On multiple logistic regression 
analysis, age <10 years [OR: 3.5, 95% CI: 0.754-16.982], 
age 11-12 years [OR: 2.7 95% CI: 2.709-31.595], age 13-4 
years [OR: 6.2 95% CI: 2.504-15.391], age 15-16 years 

[OR: 4.8 95% CI: 2.064-11.571], ≥5 ribs excision [OR: 2.0 
95% CI: 1.294-3.108] enhances regeneration. Lenke type 2 
[OR: 0.5 95% CI: 0.305-0.898] Lenke type 4 [OR: 2.3 95% 
CI: 1.033-5.144], and Risser grade [OR: 0.8 95% CI: 0.694-
0.967] had a negative influence on regeneration.
Conclusions: The regeneration potential of the resected ribs 
after thoracoplasty in AIS patients depends on age, Risser 
grade, Lenke classification, and number of ribs resected. Age 
was the single most important factor affecting regeneration.
Keywords: Adolescent idiopathic scoliosis, Rib hump, 
Thoracoplasty, Rib regeneration 

S046

Prediction of Standing Radiography During 
Posterior Correction and Fusion With Lower 
Instrumented Vertebra L3 Or L4 for the Structural 
Thoracolumbar/Lumbar Curve in Patients with 
Adolescent Idiopathic Scoliosis

Kun-Bo Park, Choon Sung Lee*, Dong-Ho Lee, 
Chang Ju Hwang*, Jae Hwan Cho*, Jae-Woo Park*

Department of Orthopedic Surgery, Severance Children’s Hospital, Yonsei 
University College of Medicine, Seoul, Korea 
*Department of Orthopedic Surgery, Asan Medical Center, University of Ulsan 
College of Medicine, Seoul, Korea

Purpose: It is questionable to predict a postoperative coronal 
alignment below lower instrumented vertebra (LIV) in 
a standing position while performing corrective surgery 
for scoliosis with structural TL/L curve. The purpose of 
this study was to evaluate the efficacy of intraoperative 
radiography for the prediction of standing radiography in 
patients with structural thoracolumbar/lumbar (TL/L) curve.
Materials and Methods: Patients with idiopathic scoliosis who 
had undergone the posterior only correction and fusion for 
the structural TL/L curve and followed more than five years 
were recruited. Eighty-three patients were included, and 
the mean age was 16 years 6 months. LIV was L3 in forty-
seven patients and L4 in thirty-six patients. Preoperative, 
intraoperative, first-erect and final follow-up radiographs 
were used for the evaluation.
Results: At the final follow-up, TL/L curve Cobb’s angle, 
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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 increased 
at final follow-up compared to the value at first-erect. In the 
intraoperative prone radiography, TL/L curve Cobb’s angle 
and vertebral body tilt angle below LIV based on pelvic 
tilt were significantly correlated to the first-erect and final 
follow-up evaluation in both groups (p<0.001). However, 
only in LIV L3 group, disc wedge angle below LIV showed 
a significant correlation to the value at final follow-up 
(p=0.018). A presence of more than 10 degrees vertebral 
body tilt angle below LIV at final follow-up was associated 
with a 1.326-fold increase in the log odds for the vertebral 
body tilt angle below LIV at first-erect (p=0.001).
Conclusions: TL/L Cobb angle and vertebral body tilt below 
LIV in the intraoperative prone radiography related to the 
values in the standing radiography at first-erect and final 
follow-up. It is difficult to predict disc wedge angle below 
LIV using the intraoperative prone radiography.
Keywords: Thoracolumbar/lumbar (TL/L) curve, Adolescent 
idiopathic scoliosis, Posterior correction, Fusion 

Symposium: Deformity

Adult Spinal Deformity Classification and Acceptable 
Ranges of Balance Parameters

Ki-Ho Na 

Department of Orthopedics, KS Hospital, Seoul, Korea

Introduction
Human bipedal upright posture has been established through 
the extension of the lower extremity joints (hip and knee), 
causing changes in the pelvic shape and orientation, followed 
by the change of spinal shape. Pelvic incidence (PI) is a key 
pelvic parameter and regulates the spinal alignment.

Main Body
1. Pelvic incidence

In upright posture, the base of spinal column (center of S1 
upper endplate) lies posterior to the hip axis, i.e., spinal 

column lies posterior to the lower extremity line. The degree 
of the posterior positioning is pelvic incidence (Fig. 1A). 
With this posterior positioning, a physiologic flexion load is 
applied to the spine during standing, which requires energy 
consumption of the posterior back muscles. If the base of 
spinal column lies over the hip axis, PI becomes zero, and 
there would be no flexion momentum or energy consumption 
(Fig. 1B). A larger PI means a greater physiological flexion 
moment on the spine, or on the upper adjacent segment 
after lumbar fusion. The larger the PI, the greater the energy 
consumption of the posterior back muscles, even though the 
greater the ability of pelvic retroversion to compensate for 
the sagittal imbalance. 

2. Sacral slope (SS)

PI continues to increase until the completion of growth (age 
of 18), and SS and pelvic tilt (PT) also increase slowly. An 
author reported PI and PT increase gradually until growth, 
but SS is relatively unchanged. In the human bipedal upright 
posture, the spinal column lies on the slanted ground of 
sacrum (sacral endplate). SS is the same with lower lumbar 
lordosis (LL) measured from the inflexion point. The larger 
the PI, the larger the SS(=lower LL), and finally the larger 
the LL. Therefore in a more slanted ground, lumbar hyper-
curve develops. In 4 Roussouly curve types, the upper LL 
has a constant angle of around 20 degrees, so the LL region 
increased due to the increase of SS is the lower LL region. 
Depending on the size of the sacral slope, the intervertebral 
disc is continuously subjected to be under the force of 
vertical compression or shear, and a degenerative disease 
groups are formed. 

3. Pelvic tilt

PT is angular parameter representing the position of 
spinal column base over the hip axis. As LL decreases by 
degeneration, three spinopelvic compensatory mechanisms 
work. (1) Thoracic kyphosis (TK) decreases (sometimes TK 
takes frank lordosis), (2) PT increases in order to reduce the 
sacral slanting, and in severe cases (3) hip and knee flex. The 
increased amount of PT is the sum of the increase by posterior 
pelvic tilt and the one by hip and knee flexion (Fig. 2).

4.   Spinal tilt (ST), Sagittal vertical axis (SAV), Spinosacral angle (SSA)

ST is an angular variable indicating the position of the C7 
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body center from the S1 endplate center (+90 degree plus 
value), and an angular variable corresponding to the linear 
variable, sagittal vertical axis (SVA). However, SVA is a 
misconception geometrically, because traditionally SVA has 
been measured from the posterior margin of S1 endplate, 
not the sacral center. SSA is an angle variable indicating the 
position of the C7 body center from the slanted S1 endplate 
center, meaning spinal kyphosis (Fig. 3). 

5. Global tilt (GT), T1 pelvic angle (T1PA)

Global sagittal balance has been represented by SVA 
traditionally. However, it is a linear parameter that needs to 
be adjusted according to the expansion of radiation or the 
size of each patient. As angular parameters, GT (global tilt)1 
and T1PA (T1 pelvic angle)2 have been reported recently. 
GT is the sum of C7VT (C7 vertical tilt) and PT. C7VT is 
the angular parameter representing the position of C7 body 
center from the S1 endplate center, meaning the balance of 
the spine at the pelvis. C7VT (= ST-90) is an angular variable 
corresponding to the linear variable, SVA. Therefore, GT can 
be regarded as the sum of the balance value (C7VT) of the 
spine on the pelvis and the degree of compensation of the 
pelvis (PT) (Fig. 4). Obeid et al.1 suggested that SVA was 
reduced by the pelvic retroversion through the patient’s effort 
to center the trunk (Posture 2), while GT showed a constant 
value regardless of the patient’s position change, so GT was 
a better measurement method than SVA (Fig. 5). 
T1 PA is the sum of T1SPi (T1 spinopelvic inclination) and 
PT. T1SPi measured from the hip axis means the position 
of T1 body center from the hip axis, and is unfamiliar and 
difficult to analyse geometrically (Fig. 4). Banno et al.3 
show that the two values of GT and T1PA show a very high 
correlation (r=0.990) and the cut-off values of ODI>40 are 
26.0° and 33.7°, respectively. 

Classification of Adult spinal deformity (ASD)

There has been much effort to develop a widely accepted 
ASD classification system over the last two decades. 
Until the 2012 SRS-Schwab classification system7, many 
proposed classification systems considered some coronal 
parameters5-9. Duval-Beaupere et al10,11 described three 
main pelvic sagittal parameters, namely PI, PT, and SS. 
Glassman et al12 firstly established clinical-radiographic 
correlation stating that the severity of clinical symptoms 

increased in a linear fashion with progressive sagittal 
imbalance in ASD patients. SRS-Schwab classification 
system7 adopted only sagittal parameters of PI-LL, SVA, PT 
using clinical cut-off values of ODI>40. 

Conclusions
SRS-Schwab classification system7 used PI-LL (LL deficit), 
SVA (result of LL deficit and spino-pelvic compensation 
including lower extremity compensation), PT (result of 
pelvic compensation) (Fig. 6). Because we do not know the 
change of thoracic kyphosis (TK), and we cannot correct the 
SVA or PT, we should depend on the degree of LL deficit 
in order to correct imbalanced ASD patients.  Another 
additional consideration is the fact that PI increases after 
deformity correction. Lee et al13 stated that PI increased 
by 11.4° without iliac fixation, and 5.9° with iliac fixation. 
Therefore we should consider more lumbar correction than 
the formula of LL>PI+9°.
Higher complication rates in ASD surgery are known to 
be associated with older age, higher American Society of 
Anesthesiologists (ASA) grades, several comorbidities, 
and higher number of three-column osteotomies. Not any 
radiographic classification system can consider clinical 
factors such as radicular symptoms, age, osteoporosis, 
obesity, smoking, etc. In planning correction of radiographic 
deficiency of ASD patients, we should consider clinical 
deficiency of the patients. Because we do not treat the 
radiograph but the patient, the surgical method may change 
according to the patient’s clinical status. 

Fig. 1. (A) In a standing human posture, the spinal base is located posterior to the hip 
axis, and so the pelvis is tilted anteriorly, causing slanted sacrum. (B) Assuming that 
the spinal base is located over the hip axis, no sacral slanting, or straight spinal column 
without lordosis or kyphosis would be expected, where PI is zero.

C7 center
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Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.
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Posterior Only or Antero-posterior Surgical 
Correction in Adult Spinal Deformity: Indication and 
Current Treatment Outcomes

Chang Ju Hwang

Department of Orthopedic Surgery, University of Ulsan College of Medicine, Asan 
Medical Center, Seoul, Korea 

Adult spinal deformity (ASD) afflicts a significant portion 
of the elderly and is increasing in prevalence. In cases when 
conservative measures have failed, surgical correction should 
be considered. The decision to transition to operative care 
is based on several considerations, including the patient’s 
symptoms and their impact on the patient’s function and 
quality of life. Among with indication of surgery and 
levels of fusion, whether to perform deformity correction 
in posterior only or combined antero-posterior approach is 
another important factor to consider. Each approach has its 
own advantages and weaknesses, which emphasizes careful 
review of each patient while selecting surgical procedures. 
With the development of modern rigid fixation devices 
posterior-only procedures have largely shown high correction 
rates comparable with that of anteroposterior surgery. Since 
it is usually done in a single stage operation, posterior 
only approach can avoid surgical complexity, prolonged 
operation time, and repeated patient positioning. Three 
column osteotomy procedure can achieve larger angular 
correction at a single level when indicated. Posterior only 
approach can be used in cases of previous abdominal or 
retroperitoneal surgery, history of infectious spondylitis, and 
significant vascular complication when combined antero-
posterior approach is not feasible. Combined approaches for 
the treatment of ASD offer the greatest potential correction 
but are associated with an increased total operation time, 
and higher rate of complications. Multilevel interbody 
fusion through anterior or lateral approach permits complete 
release of the anterior longitudinal ligament and annulus 
fibrosis, facilitating lordotic correction. Larger interbody 
cages can be inserted which enhances fusion and facilitate 
sagittal and coronal correction. It also more harmoniously 
imitates the natural gradual segmental lumbar lordosis of 
the spine. Combined antero-posterior approach can be used 
to avoid three-column osteotomy which is accompanied 
with significant blood loss and often indicated for elderly 

patients or those with significant medical comorbidities. In 
this symposium, we will discuss the detailed indications of 
posterior only and combined anterior posterior approach for 
ASD correction and compare its recent outcomes. 

Strategy for Prevention of Proximal Junctional 
Problems in the Treatment of Adult Spinal Deformity

Dong-Gune Chang

Department of Orthopedic Surgery, Inje University Sanggye Paik Hospital, Seoul, 
Korea

Advances in surgical techniques and technology have 
revolutionized the treatment of adult spinal deformity. 
The ability to perform aggressive global realignment of 
spinal deformities has led to the new complications such as 
proximal junctional kyphosis (PJK) and proximal junctional 
failure (PJF). The etiologies of PJK and PJF are likely 
multifactorial as little study has elucidated a single variable 
that strongly and consistently predicts their development. The 
potentially modifiable risk factors include greater curvature 
correction, combined anterior-posterior spinal fusion, 
fusion to sacro-pelvis, and residual sagittal imbalance. Non-
modifiable factors with clear correlation to PJK development 
include the followings; older age (>55 years), and severe 
preoperative sagittal imbalance. Other less well-established 
but likely risk factors include low bone density, presence of 
comorbidity, and high body mass index. 
Many strategies have been reported to prevent proximal 
junctional problems as follows: (1) protection of soft 
tissues at the top of construct, (2) avoidance of implant pre-
loading at the top of fusion construct (3) vertebral bone 
cement augmentation, (4) selection of appropriate level and 
instrumentation for upper instrumented vertebra (UIV), 
(5) appropriate sagittal alignment goals (matching age-
appropriate spino-pelvic alignment goals), (6) prophylactic 
rib fixation (7) spinous process augmentation. Spine surgeons 
should be aware of the risk factors for PJK and PJF, means 
of prevention, and surgical strategies and make an effort 
to minimize this complications. Furthermore, continuous 
research on PJK and PJF will be needed in order to reduce 
the incidence and impact of this potential complication.
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Revisional Strategy for Adult Spinal Deformity 
Surgery 

Jae Hyuk Yang  

Department of Orthopedic Surgery, Guro Hospital, College of Medicine, Korea 
University, Seoul, Korea  

Purpose: Revional surgery due to side effects in adult spinal 
deformity surgery has been reported to be approximately 
twice that of normal surgery. This can be caused by the 
characteristics of the patient (aged, osteoporosis and 
concomitant diseases) and the characteristics of the surgery 
(long segmental surgery, long operation time, use of 
osteotomy to correct the vertebral body and sagittal and 
coronal imbalance after surgery).
Materials and Methods & Results: About 30% of cases 
requiring revison after adult spinal deformity surgery have 
been reported. Among causes, 1) junctional problems 
(proximal and distal junction), 2) metal failure (rod or 
screws) 3) infections are reported as the main causes. 
Problems with junctional segments that occur after adult 
spinal deformity surgery have been reported by ranging 
from 5.6 to 39%. The proximal junctional problem is the 
most common complication, and the rate is reported in 20 
to 39% of adult spinal deformities. The proximal junctional 
problem had forms of proximal junctional kyphosis or 
proximal junctional failure accompanied by fractures. When 
this problem occurs, the sagittal balance and problems can be 
solved by extending the fixation to the upper portion of the 
proximal segment. Recently, through the use of hook, screw, 
and wire, etc., the stress of the proximal part of the surgery 
has been relieved, and recurrence and treatment of proximal 
junctional problem could be reported to prevent. Failure of 
metal implant occurs after adult spinal deformity surgery due 
to excessive stress concentration on the rod, or the occurrence 
of pseudoarthrosis on operations site. Because. When a metal 
failure such as rod is occur, the rod may be replaced with 
a metal material such as Cobalt-Chrome, or a double rod 
system may be applied. Thereafter, additional bone grafts 
and bone union inducers such as PTH may be additionally 
used to perform treatment for the hip joint. Infections in 
post-operative adult spinal deformity surgery are reported 
to be approximately twice as high as general spine surgery. 
(4.7% vs. 8%) Surgery for adult spinal deformity is known 

to show a high infection rate because of long operation time 
and techniques such as multilevel fixation and osteotomy. 
If this occurs, treatment with antibiotics suggested as fist 
line treatment, but if the infection persists or progresses in 
the form of chronic pattern, removal of metals implant and 
sequential debridement could be necessary.
Conclusions: Considering the characteristics of the patient 
and the characteristics of the surgery required for adult spinal 
deformity, various complications could occur after surgery, 
and the incidence rate is variously reported from 37% to 
53%. In some cases, revisional surgery might be required, 
and in this case, it is necessary to identify the cause of the 
reoperation, which can be treated or prevented through 
various surgical techniques and surgical methods.

Deformity VI

S047

Treatment for Frailty Does Not Improve 
Complication Rates in Corrective Surgery for Adult 
Spinal Deformity

Mitsuru Yagi, Naobumi Hosogane*, Nobuyuki Fujita†, 
Eijiro Okada, Satoshi Suzuki, Narihito Nagoshi,  
Osahiko Tsuji, Masaya Nakamura, Morio Matsumoto,  
Kota Watanabe

Department of Orthopedic Surgery, Keio University School of Medicine, Japan 
*Department of Orthopedic Surgery, Kyorin University School of Medicine, Japan
†Department of Orthopedic Surgery, Fujita Health University, Japan

Purpose: Several recent studies have focused on associations 
between frailty and surgical complications. However, it is 
not clear whether treating frailty affects complication rates 
in surgery for adult spinal deformity (ASD). The purpose of 
this study was to investigate how treatment for frailty affects 
complications in surgery for ASD.
Materials and Methods: A retrospective multicenter database 
review of 240 consecutive patients at least 21 years of age 
(mean 58±17, range 22-79) who underwent surgery for ASD 
and were followed at least 2 years was conducted. Patients 
were categorized as robust (R group), prefrail, or frail based 
on the modified frailty index (mFI); prefrail and frail patients 
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were divided by good control of frailty (G group), defined as 
treatment following the appropriate guidelines for each mFI 
factor, or poorly controlled frailty (PC group). We compared 
clinical outcomes and perioperative and 2-year complications 
between the three groups.
Results: Of the 240 patients, 142 (59%) were robust, 81 (34%) 
were prefrail, and 17 (7%) were frail. Among the frail and 
prefrail patients, 71 (72%) were classified as G and 27 (28%) 
as PC. The perioperative complication rate was similar in the 
G and PC groups (32% vs. 37%) but was significantly lower 
in the R group (15%, p<0.01). The age- and gender-adjusted 
odds ratio for 2-year complications was not different in the P 
group when the G group was referenced (odds ratio 1.3 [0.5-
3.2], p=0.63). In the G and PC groups, which had similar 
2-year outcomes, the SRS22 function and total scores were 
significantly lower than in the R group (function: R 3.9±0.7, 
G 3.5±0.7, P 3.3±0.6; total: R 3.9±0.6, 3.7±0.7, 3.4±0.6; 
p<0.01).
Conclusions: Regardless of its treatment status, frailty 
increases the risk of complications and inferior clinical 
outcomes in ASD surgery. Surgeons should routinely 
evaluate frailty and inform patients of frailty-related risks 
when considering surgery for ASD.
Keywords: Adult spinal deformity, Frailty, Complication 

S048

Intraoperative Neuromonitoring During Adult Spinal 
Deformity Surgery: Alert Positive Cases in Different 
Surgical Procedures

Go Yoshida, Tomohiko Hasegawa, Yu Yamato,
Tomohiko Banno, Hideyuki Arima, Shin Oe,  
Hiroki Ushirozako, Tomohiko Yamada, Koichiro Ide,  
Yuh Watanabe, Yukihiro Matsuyama

Department of Orthopedic Surgery, Hamamatus University School of Medicine, 
Japan

Purpose: The incidence and cause of intraoperative neuromoni-
toring (IONM) alarm for consecutive adult spinal deformity 
(ASD) surgeries were analyzed. The neurological complication 
is quite variable due to several factors including surgical 
approach, use of osteotomies, patient’s pathology and 
revision status. This study aimed to assess the mechanisms of 

neurological complication which was detected by IONM in 
different surgical procedures.
Materials and Methods: This study included 275 consecutive 
ASD patients treated by posterior corrective fusion who 
had been followed up for more than 2 years. We divided 
the patients into 1) PCO group: multiple posterior column 
osteotomies and 2) ACO group: anterior column osteotomy 
including pedicle subtraction osteotomy (PSO) and 
vertebral column resection (VCR). We set a 70% reduction 
of amplitude as an alarm point of transcranial electrical 
stimulation motor evoked potentials (Tc-MEPs) using 
32-channel IONM.
Results: Of 275 patients (mean age 63.4yo, 52 male and 
223 female), PCO and ACO group were 162 and 113 cases, 
respectively. IONM revealed 32 cases (11.6%) of Tc-MEPs 
alerts including 10.4% of PCO group and 13.2% of ACO 
group. Postoperative follow up revealed 15 cases (5.5%) of 
new neurological deficits including 4.9% of PCO group and 
6.2% of ACO group, clinically. Most of IONM alarm in PCO 
appeared at the time of rod rotation maneuver. On the other 
hand, IONM alarm in ACO appeared at the time of spinal 
shorting. Immediately after the alarm points, neurological 
deficits might be rescued by foraminal decompression after 
rod rotation in PCO group and adjusting the length of spinal 
shorting in ACO group. Totally, 37.5% (9 of 24) of IONM 
alerted cases were rescued by intraoperative additional 
managements. The sensitivity and specificity of IONM were 
100% and 96.9%.
Conclusions: IONM may reduce the incidence of neurological 
complication in ASD surgery. Spinal surgeon should perform 
different managements at the time of IONM alert, because 
the mechanism of neural damage differed depending on the 
surgical procedures.
Keywords: Adult spinal deformity, Neurological complication, 
Intraoperative neuromonitoring 
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S049

Coronal Imbalance After Pedicle Subtraction 
Osteotomy for the Surgical Correction of Ankylosing 
Spondylitis: Incidence and Risk Factors

Yong-Chan Kim, Ki-Tack Kim, Kee-Yong Ha, Qiang, 
Joonghyun Joonghyun, Seung Nam Ko, Hyun Gon Gwak*, 
Kyeonguk Min, Ji Hao Cui†

Department of Orthopedic Surgery, Kyung Hee University Hospital at Gangdong, 
Seoul,Korea 
*Coronal imbalance after Pedicle Subtraction Osteotomy for the Surgical 
Correction of Ankylosing Spondylitis: Incidence and Risk Factors, Korea 
†Department of Orthopaedic Surgery, The Affiliated Shunde Hospital of 
Guangzhou Medical University, Foshan City, China

Purpose: No data exists for the patients with coronal imbalance 
after pedicle subtraction osteotomy (PSO) fo ankylosing 
spondylitis. We aimed to investigate the incidence and risk 
factors of coronal imbalance (CI, ≥3 cm in C7 translation) after 
pedicle subtraction osteotomy (PSO) for ankylosing spondylitis 
patients.
Materials and Methods: We retrospectively reviewed the 
medical records and the radiographs of 203 consecutive 
ankylosing spondylitis patients who underwent PSO between 
May 2007 and June 2016. According to the occurrence of 
CI during the follow-up, we divided into 2 groups (group 
I, coronal balanced; group II, coronal imbalanced). To 
investigate risk values for the occurrence of CI, 3 categorized 
factors were analyzed statistically: patient characteristics - 
preoperative data of age, sex, body mass index (BMI),bone 
mineral density (BMD) were investigated; surgical variables 
- the most proximal and distal levels of the instrumentation, 
the level of PSO, a shape of PSO site; pre- and postoperative 
radiographic parameters included coronal parameters 
(proximal thoracic curve, main thoracic, thoracolumbar 
curve, fractional lumbosacral, pelvic obliquity) and sagittal 
parameters (C7SVA, C7sagittal vertical axis; PJA, proximal 
junctional angle; TK, thoracic kyphosis; TLK, thoracolumbar 
kyphosis; LL, lumbar lordosis; PT, pelvic tilt; PI, pelvic 
incidence) in the full standing radiograph were measured at 
pre-op,3 months postop, and ultimate postop. 
Results: Coronal imbalance were developed in 19 of 203 
patients (9.3%) until to the final follow-up and were enrolled 
as the coronal imbalance group. 184 patients without CI 
were enrolled as the coronal balance group. There was no 

statistically significant difference between the 2 groups in 
age, sex, BMI, and BMD. No all the surgical variables did 
reveal a statistically difference, but asymmetric shape of PSO 
site had a tendency to develop CI (13 of 19, 68.4%). There 
were statistically significant differences between the 2 groups 
in preoperative pelvic obliquity (1.6°±2.3° in I and 4.3°±3.2° 
in II, p=0.032) and postoperative change of TLK showed 
significant difference (-17.7°±11.3° in I and -32.3°±9.8° in II, 
p<0.001). When included in a multivariate logistic regression 
model, these parameters were independently associated with 
coronal imbalance.
Conclusions: Preoperative large pelvic obliquity and large 
postoperative change of TLK may be risk factors for the 
development of CI in ankylosing spondylitis following PSO. 
Therefore we should consider these factors to avoid CI as 
one of the complications for ankylosing spondylitis and 
further study for other factors including lower extremities are 
needed.

S050

Outcomes of Treatment of Dystrophic Kyphoscoliosis 
in Neurofibromatosis Type-1 with One-stage Posterior 
Only All Pedicle Screw Technique Using Strategic 
Anchor Point Method

Aju Bosc, Uvaraj Nalli Ramanathan

Orthopedic Spine Surgery Unit, Institute of Orthopedics and Traumatology, 
Madras Medical College, Pa, India

Purpose: Corrective surgery for dystrophic kyphoscoliosis in 
neurofibromatosis type-1 (NF-1) is challenging. Most studies 
in literature describe the outcomes of deformity correction of 
dystrophic kyphoscoliosis performed using implants available 
before the advent of pedicle screws. These procedures had 
a high rate of pseudarthrosis and implant failure leading to 
curve progression due to inadequate fixation strength and 
failure to control spinal balance. Hence, there was a need 
for additional anterior release and supplemental anterior 
augmentation to prevent pseudarthrosis. These procedures are 
fraught with longer treatment cycles, greater morbidity, and 
complications. We have analyzed the outcomes of a simple, 
yet effective surgical strategy for correction of dystrophic 
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kyphoscoliosis in neurofibromatosis type-1 using one-stage 
posterior-only-pedicle screw technique using strategic anchor 
point method.
Materials and Methods: Seventeen NF-1 patients with 
dystrophic scoliosis (mean age of 17.5±6.3 years), underwent 
deformity correction and fusion by posterior-only-pedicle 
screw technique. Pedicle screws were strategically anchored 
into key vertebrae including stable and neutral vertebrae 
in sagittal and coronal planes. Adequate autologous bone 
grafting was performed. Outcomes were analyzed with 
respect to VAS (Visual Analogue Scale) scores for pain, SRS-
22 (Scoliosis Research Society-22) questionnaire, clinical 
and radiologic improvement in spinal balance, degree of 
correction achieved and its maintenance at follow-up and 
evidence of fusion on computed tomography scan.
Results: The average follow-up time was 27.2±2.8 months. 
Mean Cobb angle of scoliosis and kyphosis improved from 
73.4±11.5 to 33.5±8.3 degrees and 50.3±21.6 to 22.8+/-
10.5 degrees, respectively. Scoliosis and kyphosis correction 
rates were 53.6%(range, 12.4-69.6%) and 49.3%(6.4% 
-75.7%),respectively. Mean loss of correction for scoliosis 
and kyphosis was 8.4±2.3 and 6.7±3.2 degrees respectively, 
at final follow-up. There was no case of neurological 
worsening. There was one case of superficial wound 
infection and proximal screws pull-out which settled without 
affecting clinical outcome. No case of revision surgery or 
pseudoarthrosis was observed.
Conclusions: The approach is safe and effective in treatment 
of dystrophic kyphoscoliosis in NF-1. Regaining total trunk 
balance is more important than Cobb angle correction of 
spinal deformities. An important treatment strategy is the 
inclusion of neutral and stable vertebra in both coronal and 
sagittal planes and use of abundant bone graft. 
Keywords: Neurofibromatosis, Scoliosis, Dystrophic, Surgery, 
Pedicle screws, Bone graft 

Lumbar I

S051

The Influence of Lordotic Angle of Cages on Lumbar 
Lordosis in Lumbar Interbody Fusion

Hae-Dong Jang, Eung-Ha Kim
Department of Orthopaedic Surgery, Soonchunhyang University Bucheon 
Hospital, Bucheon, Korea

Purpose: To compare changes of sagittal parameters according 
to cage angles in lumbar interbody fusion surgeries (single 
or double levels) for degenerative spinal disorders: posterior 
lumbar interbody fusion (PLIF) using high lordotic angled 
cage (12º or 18º) (PLIF-HLC), conventional PLIF (8º 
cage) (Conv-PLIF), and minimally invasive lateral lumbar 
interbody fusion (LLIF) using 6º or 12º cages following 
percutaneous pedicle screw fixation.
Materials and Methods: We evaluated perioperative changes 
of sagittal parameters in patients underwent PLIF-HLC 
(n=61), and they were compared with those of Conv-
PLIF (n=166) and LLIF (n=155) groups. The radiological 
evaluation included lumbar lordosis (LL), segmental lordosis 
(SL), and pelvic incidence (PI) to LL mismatch in the plain 
radiograph. We also evaluated the difference of sagittal 
parameters according to cage angles regardless of surgical 
methods.
Results: PLIF-HLC showed significantly greater perioperative 
SL (5.9°) restoration than MIS LLIF (1.4°) and Conv-PLIF 
(2.7°) (p<0.001 and p=0.005). PLIF-HLC showed greater 
perioperative LL (8.2°) restoration than LLIF (4.0°, p=0.034) 
with significance and Conv-PLIF (5.5°, p=0.371) without 
statistical significance. PLIF-HLC showed the lowest PI-
LL mismatch (10.9°) compared with the other two groups 
(LLIF 11.9° and Conv-PLIF 14.2°), however, there were 
no statistical significances. In the comparative analyses 
according to cage angles regardless of surgical methods, 
18° cage users showed significantly greater perioperative 
SL (6.2°) restoration than 12° cage users (2.4°) and 6° or 
8° cage users (1.8°) (p=0.018 and p<0.001). Perioperative 
LL changes and PI-LL mismatches were not significantly 
different according to the cage angles. There was no 
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significant difference in sagittal parameters between groups 
using 6, 8 and 12º cages.
Conclusions: PLIF using HLC (18º or 12º) significantly 
improved sagittal parameters in lumbar interbody fusion. 
Cages with an 18° lordotic angle showed better restoration of 
SL than cages with less than 12°.
Keywords: Cage angle, Posterior lumbar interbody fusion, 
Lateral lumbar interbody fusion, Sagittal balance, Degenerative 
lumbar 

S052

Comparing Clinical Results of ULIF (Unilateral 
Biportal Endoscopic LIF) with Traditional PLIF for 
2 Lumbosacral Segment

Seung-Hyun Choi, Sang-Kyu Son*, Weon-Wook Park

Department of Orthopedic Surgery, Park Weon Wook Hospital, Busan, Korea 
*Department of Neurosurgery, Park Weon Wook Hospital, Busan, Korea

Purpose: This study compared clinical and radiological 
outcomes of unilateral biportal endoscopic lumbar interbody 
fusion (ULIF) to those of conventional posterior lumbar 
interbody fusion (PLIF) for 2 lumbosacral segment.
Materials and Methods: 50 ULIF (age, 67±5 years) and 
51 PLIF (68±8 years) patients for 2 lumbosacral segment 
followed more than 1 year were selected. Parameters for 
surgical techniques (operation time, whether transfused), 
clinical results [visual analogue scale (VAS) for back 
and leg pain, Oswestry disability index (ODI)], surgical 
complications (dural tear, nerve root injury, infection, 
hematoma), and radiological results (cage subsidence, screw 
loosening, fusion) between the 2 groups were compared.
Results: The PLIF group demonstrated a significantly shorter 
operation time and more transfusions done than the ULIF 
group. The VAS for leg pain in both groups and for back 
pain in the ULIF group significantly improved at 1-week, 
while the VAS for back pain in the PLIF group significantly 
improved at 1-year. ODI scores improved at 1-year in both 
groups. Complication rates were not significantly different 
between groups. Fusion rates with definite and probable 
grades were not significantly different between groups. 
Conclusions: ULIF is less invasive while just as effective 
as conventional PLIF in improving clinical outcomes and 

obtaining clinical fusion. However, ULIF has a longer 
operation time than PLIF. The authors suggest that the ULIF, 
which is a minimally invasive procedure, is an alternative 
treatment option for conventional PLIF.
Keywords: Unilateral biportal endoscopic lumbar interbody 
fusion (ULIF), Posterior lumbar interbody fusion (PLIF), 
Clinical outcome, Radiological outcome

S053

Clinical and Radiological Outcomes of Minimally 
Invasive Oblique Lumbar Interbody Fusion at L5-S1

Tae Wook Kang, Byung-Joon Shin, Jae Chul Lee, 
Sung-Woo Choi, Hae-Dong Jang

Department of Orthopaedic Surgery, Soonchunhyang University Seoul Hospital, 
Seoul, Korea

Purpose: Minimally invasive L5-S1 OLIF which have 
advantages in lumbar lordosis and disc height restoration is 
widely used as an alternative procedure to conventional ALIF 
L5-S1. The purpose of this study is to know the outcomes 
including radiological parameters, clinical symptoms, 
complications, and surgical technique of all patients who 
underwent L5-S1 OLIF.
Materials and Methods: Patients who underwent L5-S1 
OLIF for degenerative spinal disease were enrolled. We 
reviewed medical records and radiographs of patients who 
were followed-up for more than 3 months. Clinical results 
included visual analogue scale (VAS) scores for leg pain, 
Oswestry Disability Index (ODI) scores of both preoperative 
and postoperative 1year. Radiological results included L5-
S1 disc height, segmental lordosis(L5 upper end plate to S1 
upper end plate) and L5-S1 bilateral foraminal height in CT 
image. Radiological results were measured preoperatively 
and postoperative 3 months. We also reviewed type of cage, 
selected operative corridor, and surgical complications.
Results: 66 Patients who underwent L5-S1 OLIF for 
degenerative spinal disease were analyzed. Clinical results 
at 1 year follow-up showed that Lt. leg pain improved 
significantly from mean VAS 5.7 to 0.5 (p<0.001) and 
Rt. Leg pain improved significantly from mean VAS 4.8 
to 0.6 (p<0.001). The mean ODI improved significantly 
from 26.2 to 17.1 (p<0.001). 48 patients (61.5%) had no 



Journal of Korean Society of Spine Surgery Specials

www.krspine.org S65

A
u

g
u

st 2
 S

u
n

d
a
y B

a
llro

o
m

 B

leg pain and 65 patients (97.0%) had VAS less than 4. In 
the radiographic analysis at 3 months follow-up, the mean 
intervertebral height increased significantly from 8.0mm to 
12.8 mm (p<0.001), mean segmental angle inscreased 15.6 
to 22.9 (p<0.001), mean left foraminal height increased 
significantly from 13.1 mm to 15.9 mm (p<0.001), and mean 
right foraminal height increased significantly from 13.9 mm 
to 16.0 mm (p<0.001). In surgical approach, central corridor 
were 53 cases and lateral corridor were 13 cases. There were 
4 vessel injuries in central corridor, and 2 cases were repaired 
by vascular surgeon. There was no vessel injury in lateral 
corridor. However, vascular ligation was required in 7 cases 
(iliolumbar vein or other branches) to retract the left common 
iliac vein medialy.
Conclusions: Clinical and radiological results were significantly 
improved after indirect decompression by minimally invasive 
L5-S1 OLIF for degenerative spinal disease. Vascular 
complication that required repair was only 2 cases. In 
lumbosacral fusion, minimally invasive OLIF L5-S1 is useful 
method to achieve restoration of radiological parameters and 
clinical symptom without critical complications.
Keywords: Lumbar, Oblique lumbar interbody fusion, 
Minimally invasive surgery, Anterior approach

S054

Risk Factors for Postoperative Ileus After Oblique 
Lateral Interbody Fusion

Sung Cheol Park, Sam Yeol Chang, Bong-Soon Chang, 
Choon-Ki Lee*, Jae Hyup Lee†, Hyoung Min Kim 

Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, 
Korea 
*Department of Orthopedic Surgery, Chamjoeun Hospital, Gwangju, Korea
†Department of Orthopedic Surgery, SMG-SNU Boramae Medical Center, Seoul, 
Korea

Purpose: Post-operative ileus (POI) is one of the most 
common complications caused by manipulation of the 
intestine during anterior lumbar interbody fusion. However, 
to our knowledge, little is known about post-operative 
ileus after oblique lateral interbody fusion (OLIF) even 
though it also involves bowel manipulation during a 
surgical procedure. The aim of the present study is to assess 

the incidence and to identify independent risk factors of 
development of POI following OLIF.
Materials and Methods: A retrospective analysis was made 
of all consecutive patients who underwent OLIF from 
August 2012 through October 2019 at a single institution. 
POI was defined if 2 or more of following criteria are met 
on or after post-operative day 3: (1) nausea or vomiting, (2) 
the absence of flatus or stool, (3) inability to tolerate an oral 
diet over a 24-hour period, (4) abdominal distention, and (5) 
radiologic confirmation. Patients with POI were identified by 
review of hospital stay medical records. The subjects were 
divided into 2 groups: patients with POI and those without 
POI. Binary logistic regression analyses were performed 
on demographic, comorbidities and perioperative factors to 
identify independent risk factors for POI.
Results: 33 out of the 460 patients experienced POI after 
OLIF (7.2%). Patients with POI had a significantly longer 
postoperative length of hospital stay (8.2±2.6 d) than those 
without POI (6.4±2.6 d) (p=0.001). Independent risk factors 
were cage subsidence (adjusted odds ratio [aOR]: 20.55, p< 
0.001) and the amount of hemovac drainage (aOR: 4.78, p= 
0.016). 
Conclusions: This study identified cage subsidence and the 
amount of hemovac drainage as independent risk factors for 
development of POI after OLIF. 
Keywords: Postoperative ileus, Oblique lateral interbody 
fusion, Risk factors, POI, OLIF 
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Lumbar II

S084

The Impact of Geometrical Spinal Shape on Fresh 
Vertebral Fractures in Elderly Volunteers: A 
Longitudinal Cohort Analysis

Tomohiro Yamada, Yu Yamato, Yoshihiro Sato*,
Daisuke Togawa†, Tomohiko Hasegawa†, Go Yoshida, 
Tatsuya Yasuda, Hideyuki Arima, Tomohiro Banno,  
Shin Oe, Hiroki Ushirozako, Koichiro Ide, Yuh Watanabe, 
Yukihiro Matsuyama

Department of Orthopedic Surgery, Hamamatsu University School of Medicine, Japan 
*Department of Orthopedic Surgery, General Aoyama Hospital, Japan
†Department of Orthopedic Surgery, Kindai University Nara Hospital, Japan

Purpose: To investigate the effect of original spinal shape on 
incidental vertebral fractures, and to identify the influence of 
changes in pre- and post-fracture geometrical spinal shape.
Materials and Methods: Three hundred and seventeen 
volunteers underwent whole spine radiographs as part of 
a health screening in both 2012 and 2016. We extracted 
volunteers with incidental vertebral fracture in 2016. Sex- 
and age-matched volunteers without vertebral fracture 
were enrolled as controls. Baseline demographic variables, 
geometrical spinal shape, and spinopelvic parameters were 
compared between the two groups. In volunteers with 
incidental vertebral fracture, we investigated the association 
between baseline spinal shape and post-fracture shape. 
Results: Twenty-seven volunteers (12 men; mean age 
75.4±5.4 and 15 women; mean age 71.6±7.9) were enrolled 
as vertebral fracture positive: VF (+) volunteers and 175 (48 
men, 127 women) were selected as controls: VF (-). In VF (+) 
men, the apex of thoracic kyphosis was located significantly 
more posteriorly and caudally compared to VF (-) men. In 
VF (+) women, the apex of lordosis was located significantly 
more posteriorly and caudally compared to VF (-) women. 
After fractures occurring above the inflexion vertebra, the 
low anterior apex spine (L5) changed its geometrical shape 
in that the posterior apex and the inflexion vertebra shifted 
significantly more posteriorly compared to the high anterior 
apex spine (L4/5).
Conclusions: Original geometrical spinal shape affected the 

occurrence of vertebral fracture, and post-fracture spinal 
shape depended on the positional relationship between the 
inflexion vertebra and fractured vertebra. Our study helps to 
understand the influence of geometrical spinal shape on the 
risks of vertebral fracture. 
Keywords: Vertebral fracture, Geometrical spinal shape, Apex 
of kyphosis, Inflexion vertebra, Apex of lordosis 

S085

The Effect of Enhanced Recovery After Surgery on 
Degenerative Lumbar Spinal Surgery

Hae-Dong Jang, Byung-Joon Shin, Jae Chul Lee, 
Sung-Woo Choi, Tae Wook Kang 

Department of Orthopaedic Surgery, Soonchunhyang University Bucheon 
Hospital, Bucheon, Korea

Purpose: To observe the clinical effectiveness of the enhanced 
recovery after surgery (ERAS) on perioperative care in 
patients who underwent degenerative lumbar spinal surgery.
Materials and Methods: We included 234 patients underwent 
degenerative lumbar spinal surgery (single or double level). 
We excluded patients underwent revised surgery within one 
year. The participants were divided into two groups by the 
application of ERAS or not; ERAS group (Nevember 2018 
to October 2019, n=105) and non-ERAS group (August 2017 
to October 2018, n=129). We observed various perioperative 
clinical and laboratory factors between the two groups. 
Postoperative ileus was defined as the patient showed ileus 
on abdominal plain radiograph within a postoperative day 
(POD) 3. To evaluate the recovery of albumin level, we 
reviewed serum albumin at POD 6 compared to POD 1. We 
also recorded the usage rate of diuretics that are commonly 
used for treating volume overload. 
Results: ERAS group showed significantly shorter hospital 
stay (6.7 days vs. 7.9 days, p=0.016), a lower usage rate of 
narcotics (46.7% vs. 62.8%, p=0.014), and lesser amounts 
of narcotics (pethidine 75.2mg vs. 131.0mg, p=0.003) 
compared with the non-ERAS group. The usage rate of anti-
emetics (2.9% vs. 61.2%, p<0.001) and diuretics (3.8% vs. 
17.8%, p=0.001), incidence of postoperative ileus (1.9% vs. 
10.9%, p=0.007), requirements of medical consultation for 
postoperative ileus (0% vs. 4.7%, p=0.025), and albumin 
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replacement (1.0% vs. 14.7%, p<0.001) were significantly 
lower in ERAS group compared with the non-ERAS group. 
The recovery of albumin level at POD 6 of the ERAS group 
(+0.05 g/dL) was significantly greater than the non-ERAS 
group (-0.17 d/dL, p=0.013). Other demographic variables, 
comorbidities, type of surgery, and the number of surgical 
segments were not significantly different between the two 
groups.
Conclusions: Since ERAS showed multiple advantages in 
perioperative spinal patient care, we strongly recommend the 
application of ERAS for the perioperative management of 
patients with degenerative spinal disorder.
Keywords: Enhanced recovery after surgery, ERAS, 
Complication, Degenerative spinal surgery, Postoperative ileus 

S086

Correlation Between Degenerative Lumbar Kyphosis 
and Degenerative Changes of Lumbar Extensor 
Muscles and Facet Joints

Seung Min Son, Jung Sub Lee*, Tae Sik Goh*

Department of Orthopaedic Surgery, Busan National University Yangsan 
Hospital, Busan, Korea 
*Department of Orthopaedic Surgery, Busan National University Hospital, 
Busan, Korea

Purpose: We aimed to investigate correlation between the 
degree of degenerative atrophy of lumbar extensor muscles (e.g. 
psoas muscle, erector spinae muscle, and multifidus muscle) 
and the degree of facet joint arthritis and lumbar degenerative 
kyphosis (LDK).
Materials and Methods: 33 patients with complaint about 
lumbar pain and stooping were enrolled in this study. The 
patients were underwent simple radiographic spinal standing 
and lumbar spine MRI. LDK was defined as the diseases with 
characteristic cardinal 4 signs and over 0.5 of sagittal vertical 
axis and sacrofemoral distance ratio on the whole spine lateral 
radiography. Among 33 patients, 17 patients were finally 
diagnosed as LDK and considered as LDK group. Sixteen 
patients who did not meet all of the diagnostic criteria were 
included as control group. Area of muscles (psoas muscle, 
erector spinae muscle, and multifidus) were measured on the 
axial plane T2 weighted image at the level of inferior endplate 

of vertebral body per each levels. The degree of degenerative 
joint degeneration was measured on the coronal plane T1 
weighted images at each facet joint.
Results: The mean age was 75.5 years-old in the LDK group 
and 64.5 years-old in the control group. The sagittal vertical 
axis and sacrofemoral distance ratio was significantly increased 
in the LDK group (1.23) compared with the control group 
[0.325, p=0.002]). In the comparision of area of muscles, all 
three muscle’s area were significant decreased in LDK patient 
group (p=0.032, 0.025, 0.043,). Mean facet joint degeneration 
grade had difference between both groups (2.45 vs. 1.57, p= 
0.037). Correlation analysis reveals significant relationship 
between facet joint arthritis and the area of psoas muscle.
Conclusions: There was a significant correlation with degree 
of degenerative change of lumbar extensor muscles and facet 
joint arthritis in LDK patients. Among the lumbar extensor 
muscles, psoas muscle had significant relationship with facet 
joint arthritis. This study will be helpful to understand the 
pathophysiology and to prognosis of LDK
Keywords: Lumbar degenerative kyphosis, Facet joint, Arthritis, 
Extensor muscle, Psoas muscle 

Lumbar III

S087

Instrumented Decompression in the Elderly with 
Degenerative Lumbar Canal Stenosis Improves 
Quality of Life

Harjinder Singh Bhatoe

Max Superspecialty Hospitals

Purpose: To establish that Instrumented Decompression in 
the elderly with degenerative lumbar canal stenosis, with 
comorbidities improves quality of life.
Materials and Methods: We managed 68 elderly patients 
(above 65 years of age) with clinical and imaging profile of 
degenerative LCS with or without spondylolisthesis. Average 
age was 71 years, (range of 65 to 84 years). There were 49 
females and 19 males. Backache was the principal symptom in 
64, lower limb pain was present in 59 patients. Mean duration 
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of symptoms was 12 months. Twelve of these patients had 
motor weakness, and fifty six had sensory impairment and 
nine had visible scoliosis. Imaging protocol followed was: 
Dynamic lumbar spine radiographs in lateral projection, and 
an anteroposterior projection.  Magnetic Resonance Imaging: 
in T1- and T2-weighted images in sagittal, axial and coronal 
views 3D NCCT Lumbar Spine: for pedicle morphometry. 
Diabetes mellitus was the commonest problem, seen in 49 
of the 68 patients, while hypertension was seen in 45. Thirty 
two patients had history of cardiac morbidity. Twenty nine 
patients were on anticoagulants. Two patients had preexisting 
stroke with hemiparesis. Sixteen patients had documented 
osteoporosis, fifteen of these had single or multiple level 
vertebral involvement (wedge compression/fractures). Four 
patients had history of previous lumbar spine surgery for disc 
disease or spinal canal stenosis. Eleven patients had diminished 
pulmonary reserve, and two had chronic kidney disease. 
Owestry Disability Index (ODI) and ten-point pain scale was 
assigned. All 68 patients underwent surgery under general 
anesthesia in prone position. Decompression and transpedicular 
fusion levels were more than two in all the patients. Sixty six 
patients also underwent interbody fusion. Mean operative time 
was 188 minutes and mean blood loss was 549 ml. 
Results: 65 patients were ambulated after 48 hours. Three 
patients had transient postoperative neurological worsening 
(foot drop). There was zero surgical site infection. 
Sixty two patients had marked relief in preoperative pain and 
improved ODI. Average length of hospital stay was 6 days. 
Fifty six patients have been followed up for a period of one 
month to twelve months. There is improvement in walking 
distance, posture and gair, and relief in pain, with improved 
QOL. 
Conclusions: Surgery after careful evaluation of their clinical 
profile, comorbidities and imaging, can improve QOL in 
the elderly with degenerative lumbar canal stenosis with 
comorbidities can improve QOL.
Keywords: Claudication, Lumbar canal stenosis, Lumbar spine, 
Lumbar spinal fusion

S088
 
Predictive Value of Comprehensive Geriatric 
Assessment on Early Postoperative Complications 
Following Lumbar Spinal Stenosis Surgery: A 
Prospective Cohort Study 

Sam Yeol Chang, Su Jung Mok, Sang-Min Park, 
Bong-Soon Chang, Choon-Ki Lee*, Hyoungmin Kim

Department of Orthopaedic Surgery, Seoul National University Hospital, Seoul, Korea 
*Department of Orthopaedic Surgery, Chamjoeun Hospital, Korea

Purpose: Comprehensive geriatric assessment (CGA) is a 
diagnostic and therapeutic modality proven to be effective 
in various fields of geriatrics. However, limited evidence 
exists on the effectiveness in lumbar spinal stenosis patients 
in the literature. The objective of this study is 1) evaluate the 
predictive value of CGA for early postoperative complications 
in elderly patients (aged 65 years or older) following lumbar 
spinal stenosis surgery and 2) compare its predictive value to 
that of other indices. 
Materials and Methods: We prospectively enrolled consecutive 
patients who were at least 65 years and were scheduled to 
undergo elective surgery for lumbar spinal stenosis. One 
day before the operation, multi-domain CGA of the patient’s 
functional status, comorbidities, nutrition, cognition, and 
psychological status was performed. Patients with deficits in 3 
or more CGA domains were defined as frail. The occurrence 
of postoperative complications within one month after the 
surgery was assessed as the outcome. Patients with Clavien 
and Dindo grade 2 or higher complications were designated 
as the complication group. The predictive value of CGA was 
evaluated using crosstab and logistic regression analysis and 
compared to that of other risk stratification systems, including 
modified Frailty Index-5, -11, and American Society of 
Anesthesiologists Physical Classification System (ASA). 
Results: A total of 261 patients were included in the study, and 
25 (9.6%) patients were assigned to the “frail” group. There 
were 27 patients with complications (general: n=20, 7.7%, 
surgical: n=7, 2.7%) and overall 30-day complication rate was 
10.3%. Patients with complications showed significantly more 
deficits on preoperative CGA than those without complications 
(p=0.004). On multivariate logistic regression analysis, frailty 
based on CGA (odds ratio=3.51, p=0.031) and the modified 
Frailty Index-11 (odds ratio=3.13, p=0.038) was associated 
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with general complications.
Conclusions: Frailty based on CGA was significantly associated 
with early general complications following surger
Keywords: Comprehensive geriatric assessment, Frailty, Frailty 
index, Spinal stenosis, Complication

S089

Comparison of Bilateral Decompression Via Unilateral 
Laminotomy and Conventional Laminectomy for 
Single-Level Degenerative Lumbar Spinal Stenosis 
Regarding Low Back Pain, Functional Outcome, and 
Quality of Life: A Randomized Controlled, Prospective 
Trial

Sang Bong Ko

Department of Orthopaedic Surgery, Daegu Catholic University Medical Center, 
Daegu, Korea 

Purpose: To compare the degree of postoperative low back 
pain (LBP), functional outcome, and quality of life of patients 
between Bilateral decompression via unilateral laminotomy 
(BDUL; group U) and conventional laminectomy (CL; group C)
Materials and Methods: Of 87 patients who underwent 
diagnostic and decompression surgery, 50 patients who met 
the inclusion and exclusion criteria and were followed up for 
>2 years were enrolled. The patients were asked to record 
their visual analog scale pain score after 6, 12, and 24 months 
postoperatively. BDUL was used for group U, whereas CL 
was used for group C. The patients were randomly divided 
based on one of the two techniques, and they were followed 
up for over 2 years. Functional outcomes were assessed by 
Oswestry Disability Index (ODI), Roland–Morris Disability 
Questionnaire (RMDQ), and SF-36.
Results: Operation time was significantly shorter in group U 
than in group C (p=0.003). At 6, 12, and 24 months, there was 
no significant difference between the two groups in terms of 
spine-related pain (all p>0.05). Functional outcomes using 
ODI and RMDQ and quality of life using SF-36 were not 
significantly different between the groups (all p>0.05).
Conclusions: Regarding single-level decompression for DLSS, 
group U had the advantages of shorter operation time than 
group C, but not in terms of back pain, functional outcome, and 
quality of life.

Keywords: Lumbar spine, Spinal stenosis, Decompression, 
Low back pain 

S090

Superior Articular Process Cross-Sectional Area is 
A Sensitive Parameter for the Diagnosis of Lumbar 
Lateral Recess Spinal Stenosis

Jong Uk Mun, Gun Woo Lee*, Woo-Kie Min†

Department of Orthopaedic Surgery, Daedong Hospital, Busan, Korea 
*Department of Orthopaedic Surgery, Yeungnam University Medical Center,  
Daegu, Korea 
†Department of Orthopaedic Surgery, KyungPook National University Hospital,  
Daegu, Korea

Purpose: Previous studies reported that hypertrophied superior 
articular process (SAP) was associated with an increased risk 
of lumbar foraminal stenosis. However, no study investigated 
the effect of SAP hypertrophy in lumbar lateral recess 
spinal stenosis (LLRSS). We hypothesized that the superior 
articular process cross-sectional area (SAPCSA) is the main 
morphologic feature in the diagnosis of LLRSS.
Materials and Methods: Data regarding the SAPCSA were 
collected from 109 patients with LLRSS. A total of 120 
subjects in the control group underwent lumbar spine magnetic 
resonance imaging (MRI) as part of non-symptomatic medical 
examination. T2-weighted axial images were obtained from 
the two groups. Using a picture archiving and communications 
system, we analyzed the cross-sectional area of the bone 
margin of SAP at the level of L4-L5 facet joint on MRI.
Results: The average SAPCSA was 96.63±13.37 mm2 in 
the control group, and 123.59±14.18 mm2 in the LLRSS. 
The LLRSS group showed significantly higher levels of the 
SAPCSA (p<0.001) compared with the control group. Receiver 
Operator Characteristic (ROC) curve analysis was performed to 
determine the validity of the SAPCSA as a predictor of LLRSS. 
In the LLRSS group, the optimal cut off-point was 110.71 
mm2, with 83.5% sensitivity, 83.3% specificity, and AUC of 0.92 
(95% CI, 0.88-0.95).
Conclusions: Higher SAPCSA values were associated with a 
higher possibility of LLRSS. These results are important in the 
evaluation of patients with LLRSS.
Keywords: Superior articular process, Lumbar lateral recess 
spinal stenosis, Cross-sectional area 
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S091

Lumbar Facet Joint Morphometry in South East 
Asian Population- A Cadaveric Study

Vishal Kumar

Postgraduate Institute of Medical Education & Research, Chandigarh

Purpose: Facet joint plays a pivotal role in spine kinematics. 
Its morphometry may vary among different ethnic groups. 
The purpose of this cadaveric study is to delineate the lumbar 
facet joint morphometry in Southeast Asian population through 
direct measurement technique.
Materials and Methods: A prospective study conducted at 
PGIMER, Chandigarh, in North India. In 5 cadavers, facet 
joints from L1-L2 to L5-S1 on either side were carefully 
exposed. With mutual consensus, 2 senior authors demarcate 
the facet joint boundaries and supero-inferior and transverse 
diameter of facet joints (total 50 facet joints) were noted using 
compass and ruler technique. 
Results: The mean age of cadaver used in the study was 80.2 
±7.3 years. The mean transverse and supero-inferior diameter 
were lowest at L4-L5 (1.08 cm and 1.18 cm respectively), 
and maximum at L5-S1 (1.24 and 1.32 cm respectively). No 
statistically significant change in both transverse and supero-
inferior facet joint diameter was noted from L1 to S1 with a P 
value of 0.063 and 0.256 respectively. On pairwise comparison, 
the supero-inferior diameter of facet joints on either side was 
persistently noted to be greater than the transverse diameter 
at all levels. Further, no significant difference (p-value >0.05) 
was noted in both transverse and supero-inferior diameters on 
comparison on either side from L1 to S1. 
Conclusions: Facet joint morphometry is variable in different 
racial and ethnic groups. Till date, standard and indexed 
journals reporting a cadaveric study regarding lumbar facet 
joint morphometry in the Southeast Asian population is scarce. 
The current study has measured the facet joint as a whole 
from L1 to S1, rather than superior and inferior articular 
facets separately and these data are more valid, cautionary and 
clinically useful for spine surgeon while considering trans facet 
fusion particularly in this subset of the population.

Keywords: Cadaver, Direct measurement, Lumbar facet joint, 
Morphometry, Southeast asian population 

S092

Spinal Surgery Under Spinal Anesthesia for Patients 
Over Mean 80 years Old

Moon-Yul Youn

Department of Orthopedic Surgery, Dongsan Medical Center, Keimyung 
University School of Medicine, Korea

Purpose: The aim of this study was to report our experience 
and good clinical outcomes using spinal an¬esthesia in elderly 
patients mean aged 80 and older undergoing lumbar spine 
surgery.
Materials and Methods: Elderly patients mean aged 80.38 
(range, 72 to 93 years) who underwent lumbar spine surgery 
under spinal anesthesia between April 2018 and November 
2019 were enrolled. A total of 18 patients were included in the 
study excluding the patients with infection, valvular heart ds. 
or using thrombolytic agent; 12 patients underwent lumbar 
decompression or discectomy and 6 patients underwent 
com bined decompression and fusion procedures. 5 patients 
were classified as American Society of Anesthesiologists 
III, and 12 patients were classified as American Society of 
Anesthesiologists II. All patients had one or more comorbidities 
including hypertension, diabetes, cardiovascular disease, 
cerebrovascular disease, lung disease, hip or knee osteoarthritis 
and cancer etc. Throughout surgery, hemodynamic parameters 
including blood pressure and heart rate were monitored. 
Postoperatively, incidence of delirium, urinary retention, 
nausea, pulmonary complications such as atelectasis, 
pneumonia and pulmonary effusion, severe complications, 
mortality and time spent from bed rest after surgery to 
ambulation were documented. Time spent for each operation 
was documented. Patient satisfaction was also assessed by top 
box score.
Results: None of the patients had pulmonary complications 
postoperatively. Only 2 patient (11.1%) developed delirium and 
consulted to department of psychiatry. All patients were elderly, 
so preoperative urinary cannulation was done just before 
surgery except only 1 patient who had 1 level decompression, 
and de-cannulation was done after ambulation. Only 2 
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patients (11.1%) developed urinary retention after urinary de-
cannulation. 3 patients (16.6%) were undergone post-operative 
nausea. 14 patients (77.7%) were ambulatory on at least 2 days 
after surgery. No mortality and severe complications such as 
stroke, permanent loss of function, or pulmonary embolism 
occurred. None of the cases required conversion to general 
anesthesia. Patients reported a high level of satisfaction after 
the procedure. 
Conclusions: These results demonstrate that spinal anesthesia is 
a safe, viable and satisfactory method of anesthesia for elderly 
patients 80 years and older undergoing lumbar spine surgery. 
Further prospective studies will be needed to confirm these 
findings.
Keywords: Spinal anesthesia, Lumbar spine surgery, Elderly 
patients 

S093

Epidemiological Survey on Lumbar Pain in the 
Community-dwelling Elderly

Shinji Tanishima, Hiroshi Hagino*, Hiromi Matsumoto†, 
Hideki Nagashima

Department of Orthopedic Surgery, Faculty of Medicine, Tottori University,  
Y onago, Japan 
*Department of Health Science, Tottori University, Yonago, Japan
†Department of Rehabilitation, Faculty of Health Science and Technology, 
Kawasaki University of Medical Welfare, Kurashiki, Japan

Purpose: Lumbar pain in the elderly can result from various 
factors and has a major impact on physical abilities. However, 
the background factors of lumbar pain and the effect on the 
body may differ between men and women. purpose of this 
study is to investigate the gender-based relationship between 
lumbar pain and associated factors in community-dwelling 
elderly people aged ≥65 years.
Materials and Methods: Of the 428 participants of a health 
check-up for residents in a local area 379 aged ≥65 years 
(161 men and 218 women; mean age, 73.8 years) were 
included. Evaluation of the presence or absence of lumbar pain 
during daily activities and other variables such as the body 
mass index, body fat percentage, smoking history, drinking 
history, employment status, motor assessment [history of 
knee or hip osteoarthritis (OA), tense shoulders, presence of 
locomotive syndrome, skeletal muscle mass of limbs, presence 

of sarcopenia, walking speed, grip strength, and kyphotic 
deformity], lifestyle-related diseases (lipid metabolism disorder, 
hypertension, and diabetes mellitus), and blood biochemical 
test results were performed. A univariate analysis of these 
parameters was conducted to investigate their relationships 
with lumbar pain in terms of sex. A multiple regression analysis 
was performed on the parameters that showed a marginal 
correlation with lumbar pain (p<0.2) in the univariate analysis
Results: There were 36 men (28.8%) and 58 women (26.6%) 
presenting with lumbar pain, suggesting no difference between 
the sexes in terms of the percentage of those with lumbar 
pain. In men, lumbar pain was somewhat associated with 
employment, use of steroid drugs, grip strength, hip OA, 
and shoulder tenseness. In women, it was associated with 
locomotive syndrome, knee OA, walking speed, hypertension, 
and use of steroids. The multivariate logistic regression analysis 
showed that the hip OA [p=0.02; odds ratio (OR), 16.0; 95% 
confidence interval (CI), 1.4-180.0], shoulder tenseness (p=0.03; 
OR, 3.71; 95%CI, 1.2-11.8), use of steroid drugs (p=0.04; OR, 
16.1; 95%CI, 1.2-216.3) in men, and locomotive syndrome 
(p<0.001; OR, 6.10; 95%CI, 1.54-24.1) in women were 
independent factors associated with lumbar pain.
Conclusions: In men, lumbar pain was associated with motor 
disorder and use of steroid drugs. However, the results of the 
present study showed that lumbar pain had no relationship with 
motor abilities or locomotive syndrome. This suggests that 
lumbar pain may not necessarily impair physical abilities in 
men. However, in women, it was associated with locomotive 
syndrome, suggesting that lumbar pain may significantly 
influence physical function.
Keywords: Lumbar pain, Elderly, Gender, Epidemiological 
survey 
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S094

The Correlation Between Facet Joint Osteoarthritis 
And Disc Degeneration of Lower Lumbar with 
Segmental Motion and Clinical Symptoms

Wan Zainuddin Wan Ab Rahman, Esmat Syed Mohd,
Laili Suriani Ab. Latip*, Rohidayah Abd Majid†

Department, Orthopaedic, Hospital Pakar Sultanah Fatimah, Muar, Johor, 
Malaysia, Malaysia 
*Radiology Department, Hospital Pakar Sultanah Fatimah, Muar, Johor, 
Malaysia, Malaysia 
†Clinical Research Centre (Crc), Hospital Pakar Sultanah Fatimah, Muar, Johor, 
Malaysia, Malaysia

Purpose: The purpose of this study is to determine the 
correlation between lower lumbar facet joint osteoarthritis (FJO) 
and disc degeneration (DD) with segmental motion and clinical 
symptoms. 
Materials and Methods: A total of 50 patients with chronic 
low back pain were enrolled in this cross sectional study from 
1st April 2019 to 30th November 2019. Lumbosacral MRI, 
dynamic flexion-extension x-ray, visual analogue scale (VAS) 
for back pain and modified Oswestry disability index (ODI) 
assessment were done during outpatient visit. Degree of disc 
degeneration (Grade I to V) and facet joint osteoarthritis (Grade 
1 to 4) were determined from MRI lumbosacral whilst the 
segmental motion of L4/L5 and L5/S1 were measured from 
dynamic x-rays. We used correlation coefficients to examine 
associations between grades of FJO and DD with segmental 
motion (horizontal and angular motion) and clinical symptoms 
(VAS and ODI).
Results: 100 motion segments from 50 patients of 24 males and 
26 females were studied with the mean age of 44.84 ± 13.56 
years. Grade 2 and 3 facet joint osteoarthritis account the most 
in all motion segment studied with 43% and 37% respectively. 
The disc degeneration were mostly grade III (30%) and grade 
IV (49%). Spearman correlation coefficient showed highly 
significant correlation between the degree of disc degeneration 
(DD) and facet joint osteoarthritis (FJO) at both spinal 
levels (L4/L5 and L5/S1) with p-value of <0.001 and 0.001 
respectively. However, there were no significant correlation 
between grades of FJO and DD with horizontal motion, angular 

motion, ODI and VAS at both spinal levels.
Conclusions: The presence of facet joint osteoarthritis or disc 
degeneration must not be used solely in the management 
of chronic back pain eventhough the severity of both were 
correlated radiologically. Comprehensive assessment of 
symptoms, MRI and dynamic changes of the spine is crucial in 
determining the appropriate diagnosis and treatment. 
Keywords: Facet joint osteoarthritis, Disc degeneration, Lower 
lumbar, Segmental motion, Clinical symptoms 

S095

Analgesic Effectiveness of Single Ropivacaine Epidural 
Injection Versus Intravenous Patient-Controlled 
Analgesia After Single-level Lumbar Decompression 
or Arthrodesis Surgery: A Randomized, Multi-center, 
Observer Blinded, Active-controlled Study

Kwang-Sup Song, Jeongik Lee, Youngbae B Kim*, 
Dong-Gune Jang†, Sang-Min Park‡, Hyeong-Jun Park

Department of Orthopedic Surgery, Chung-Ang University Hospital, Seoul, Korea 
*Department of Orthopedic Surgery, Seoul Veterans Hospital, Korea
†Department of Orthopedic Surgery, Sang-Gye Beak, In-Jae University Hospital, 
Seoul, Korea 
‡Department of Orthopedic Surgery, Bun-Dang Seoul University Hospital, 
Seongnam, Korea

Purpose: To compare the analgesic effects of single ropivacaine 
epidural injection (EPI group) and patient-control analgesia (PCA 
group) among the postoperative pain management methods of 
patients with mono-segmental lumbar decompression or fusion.
Materials and Methods: The patients were randomly divided 
into the EPI group and the PCA group. The primary endpoint 
was postoperative pain, as measured by NRSs. Patients were 
asked to use NRSs at 2, 4, 8, 12, 24, and 48 h following surgery. 
Secondary outcome measures were as follows: fentanyl 
consumption, frequency of pushing the button (FPB) of the 
PCA for bolus infusion, and postoperative nausea, ODI, back 
NRS, leg NRS. We also evaluated the following variables use 
of rescue antiemetics; incidence of vomiting; patient satisfaction 
scores regarding pain control and the overall recovery process 
48 h after surgery, using a 5-point Likert scale.
Results: Fusion - Of 50 patients who were randomized and 
allocated to groups, one patient who was allocated to EPI group 
was discontinued PCA because of severe PONV. The results of 
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MANOVA for NRS showed a statistically significant difference 
among groups. NRS in EPI group was significantly lower at 
PO 24hr compared with that in PCA group. FPB, ketorolac 
use, rescue fentanyl use, ODI, back NRS and leg NRS did 
not show a statistically significant difference among groups. 
Satisfaction score and total fentanyl use was significantly 
lower in group EPI than group PCA. There were no significant 
differences between groups with respect to PONV and 
constipation. The incidence of POUR was significantly lower 
in group EPI compared with group PCA. Decompression - 
Of 48 patients who were randomized and allocated to groups, 
two patients who was allocated to EPI group and PCA group 
was discontinued PCA because of severe PONV. The results 
of MANOVA for NRS, FPB, ketorolac use, rescue fentanyl 
use, ODI, back NRS and leg NRS did not show a statistically 
significant difference among groups. Total fentanyl use was 
significantly lower in group EPI than group PCA, but there 
was no significant difference with respect to satisfaction score. 
There were no significant differences between groups with 
respect to PONV and POUR. 
Conclusions: Analgesic effect of 0.2% ropivacaine injected into 
the epidural space after surgery is comparable or superior to the 
pain treatment method that uses narcotic analgesics via IV-PCA 
in initial pain control and patient satisfaction. And it can lower 
complication of narcotic analgesics. 
Keywords: Ropivacaine, PCA, Postoperative pain, Epidural 
injection, Analgesic effect, Lumbar surgery 

S096

Dynamic Ultrasound Imaging of Lumbar Multifidus 
for Assessment of Lumbar Spinal Muscles

Yong-Soo Choi, Ju-Young Heo, Ji-Hoon Park,  
Seung-Woo Shim

Department of Orthopedic Surgery, Kwangju Christian Hospital, Gwangju, 
Korea

Purpose: It is important for the elderly to maintain sagittal 
balance with constant exercise to keep good spinal range 
of motion and strength of back extensor muscle. Dynamic 
ultrasound imaging is a potentially useful tool for the 
assessment of spinal muscles. This study was to investigate a 
feasibility of dynamic ultrasound imaging in lumbar multifidus 

muscle for assessment of lumbar spinal muscles. 
Materials and Methods: This study was conducted on 23 
volunteers without history of spinal disease. The volume and 
thickness of lumbar multifidus muscle as a trunk stabilizer and 
rectus femoris muscle as a thigh stabilizer were measured with 
dynamic ultrasound imaging, at rest and after exercise of the 
extensor muscle for strength of the extensor muscle. Compared 
to individuals of sarcopenia diagnostic criteria such as gait 
speed, hand grip strength, and changes in muscles volume and 
thickness at the state of rest and after the exercise had been 
analyzed.
Results: At rest, the mean volume and thickness of lumbar 
multifidus muscle were 357.17 mm², 2.54 cm. After exercise, 
the mean volume and thickness of lumbar multifidus muscle 
varied to 407.35 mm², 2.78 cm, respectively. There was 
significant increment of lumbar multifidus muscle volume 
(14.00%, p=0.01) and thickness (9.42%, p=0.01). At rest, the 
mean volume and thickness of rectus femoris muscle were 
129.50 mm², 1.19 cm. After exercise, the mean rectus femoris 
muscle volume and depth varied to 157.58 mm², 1.40 cm, 
respectively. There was significant increment of rectus femoris 
muscle volume (21.94%, p=0.01) and thickness (17.63%, 
p=0.01). The mean of gait speed was 9.80 seconds and the 
mean hand grip strength was 19.30kg. There was positive 
correlation between changes of lumbar multifidus volume and 
hand grip strength (r=0.56, p=0.01) and negative correlation 
between changes of rectus femoris volume and gait speed (r=-
0.87, p=0.01).
Conclusions: These results suggest that dynamic ultrasound 
imaging of the multifidus muscles could be used to document 
improvements over time and with intervention as a visual 
feedback to enhance therapeutic effect for lumbar spinal 
muscle.
Keywords: Lumbar, Paraspinal muscles, Ultrasound, Dynamic 
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S097

Complete Open Laminectomy, Posterior Decompression 
with preservation of Posterior Ligamentous Complex: A 
Case Series of 5 Cauda Equina

Kean Loong Ong, Thuraikumar Kanniah, 
Nor Azlin Zainal Abidin, Shyful Nizam Sumari

Spine Unit, Orthopaedic and Traumatology Department, Hospital Sungai Buloh, 
Jalan Hospital, 47000 Su

Purpose: Cauda equina syndrome (CES) is deemed a surgical 
emergency that require urgent decompression irrespective 
of the delay in surgery (1). Conventionally open procedures 
of wide bilateral laminectomy with medial facetectomy and 
discectomy may results in instability due to disruption of 
Posterior ligaments Complex (2).
• Describe spinous process osteotomy technique
• Analyze clinical outcomes base on Oswestry disability index 
and surgical outcome
Materials and Methods: This is retrospective comparative study 
evaluated the postoperative clinical outcome of the spinous 
process osteotomy technique for the cauda equina syndrome. 5 
patients were enrolled into this study and operated on by same 
lead surgeon from July 2018 until July 2019. All patients had 
large central disc herniation either at L4 L5 or L5S1 region or 
both.
Results: The operating time for this procedure ranges from 
1 hr 15 mins to 3 hrs. Onset of symptoms to surgery range 
from 2 days to 2 weeks. There is neurological improvement 
for all the patients. All patients able to walk day 2 or 3 post 
operatively. No post-operative complications or repeat surgery 
were observed for all of the patients on latest follow up. 
Various minimal invasive and percutaneous endoscopic lumbar 
posterior decompression and discectomy has been described 
over the past few years in treatment of Cauda Equina Syndrome 
(5), however this require special instrumentations and surgeon 
expertise. Our methods can be done with just kerrison punch, 
large curve osteotome, nerve root retractor and pituitary forcep 
which is available in most hospital settings and can be perform 
by any Junior Spine surgeon with minimum experience

Conclusion 

• From our case series, we conclude that this technique appears 
to be a safe and a viable approach.
• However, a larger group of patients and a longer follow up is 
needed in order to ensure statistically significant data.
Keywords: Cauda equina syndrome, Spinous process osteotomy, 
Complete open laminectomy, Posterior ligamentous complex

S098

Clinical Effect of Sarcopenia in Surgical Outcome in 
Degenerative Lumbar Diseases

Jae-Ho Yang, Byoung-Ho Lee, Kyoung-Soo Suk, 
Seong-Hwan Moon, Hwan-Mo Lee, Hak-Sun Kim

Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea

Purpose: Sarcopenia has been clinically significant as 
pathological states in the aging population. Most patients with 
degenerative lumbar disease are older and often accompanied 
by low physical activity due to neurogenic claudication and 
these patients often showed sarcopenia and osteoporosis with 
low muscle mass. The prevalence of sarcopenia in patients with 
stenosis is reported to be about 24%. However, the prevalence 
and the clinical effect of sarcopenia on post-operative have not 
been reported in the patients who required surgery. The purpose 
of this study was to investigate the effect of sarcopenia on 
postoperative clinical outcomes in patients with degenerative 
lumbar diseases. The purpose of this study was to investigate 
the effect of sarcopenia on postoperative clinical outcomes in 
patients with degenerative lumbar diseases.
Materials and Methods: We performed a prospective cohort 
study comparing pre- and post-operative clinical outcomes 
in patients who underwent surgery for degenerative lumbar 
diseases (n=42). Based on the consensus of Asian Working 
Group for Sarcopenia, patients were divided into two groups: 
Group A (28 cases with stenosis and Group B (14 cases with 
sarcopenia and stenosis). 
Results: The prevalence of sarcopenia was approximately 
33% (n=14/42) in patients with degenerative lumbar disease 
requiring surgery. There was no statistically significant 
difference between two groups before surgery. After surgery, 
while there was no difference in VAS between the two groups 
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(p=0.788), the Group B showed higher ODI score (p=0.049), 
and lower EQ-5D (p=0.009). In gait analysis, there were 
significantly high in walking speed and stride length (p=0.028, 
p=0.049) and GA (gait asymmetry) was lower in Group B 
(p=0.030). Additionally, comparing the changes in VAS, ODI, 
and EQ-5D pre- and post-operative, ODI and EQ-5D showed 
a significant difference between groups (p=0.039, p=0.033) 
whereas VAS represented no difference (p=0.339).
Conclusions: The prevalence of sarcopenia was 33% in 
degenerative lumbar disease patients who needed surgery. 
Clinical results evaluated with ODI, EQ-5D, gait speed, stride 
length, and gait asymmetry were worse than those without 
sarcopenia. It is suggested that sarcopenia affects functional 
improvement of patients with degenerative spinal disease in the 
post-operative.
Keywords: Sarcopenia, Lumbar stenosis, Degenerative lumbar 
disease, Surgical outcome 

S099

Is There a Relationship Between the Rate of Vertebral 
Body Height Loss Before Balloon Kyphoplasty and 
Early Adjacent Vertebral Fracture?

Jin Hun Park, In Gyu Lee, Sang Hoon Ha, Hun Kyu Shin

Department of Orthopaedic Surgery, Kangbuk Samsung Hospital, Sungkyunkwan 
University School of Medicine, Seoul, Korea

Purpose: The number of patients with osteoporotic vertebral 
compression fracture (OVCF) is increasing, which is often 
accompanied by lower back pain and restrained activities, 
which constitutes an important public health problem. To 
relieve the pain caused by OVCF, Balloon kyphoplasty (KP) 
is widely performed as a surgical intervention. However, 
this procedure has several potential complications, including 
extrusion of the cement in the spinal canal, infection, failure to 
relieve pain, subsequent spinal cord injury. Also there is a great 
deal of debate about whether Balloon KP also increases fracture 
morbidity by either inducing or facilitating adjacent vertebral 
fracture. This study aimed to evaluate the relationship between 
the rate of vertebral body height loss before Balloon KP and the 
etiology of early adjacent vertebral fractures after augmentation
Materials and Methods: Total 59 patients with painful Osteoporotic 
vertebral compression fractures who underwent kyphoplasty 

were enrolled from January 2015 to January 2018. Early 
adjacent vertebral fractures were defined as new fractures that 
had developed within 3 months after surgery. Sex, age, body 
mass index, bone mineral density, kyphotic angle, cobbs angle, 
cement leakage were evaluated as risk factors for early adjacent 
vertebral fractures. Only rate of vertebral body height loss was 
included in this study.
Results: Early adjacent vertebral fractures were identified in 
9 (15%) of the 59 patients. The mean time to diagnosis of 
fractures was 1.5±0.5 months after kyphoplasty. The patients 
were divided into two groups with and without adjacent 
adjacent vertebral fractures. There were no significant 
differences in terms of age, body mass index, bone mineral 
density, local kyphotic angle, cobbs angle or cement leakage 
between the with fracture and without fracture groups. But the 
statistically significant difference between the two groups was 
the vertebral body height loss ratio. Vertebral body height loss 
ratio was present in significantly more high in fracture group 
than without fracture group.
Conclusions: Balloon KP is a minimally invasive procedure 
for stabilizing vertebral compression fractures and is effective 
in pain reduction. However, early adjacent vertebral fractures 
were present in 16% of the patients within 3 months after 
surgery. The most important risk factor for fractures was rate 
of Vertebral body height loss. Thus, careful attention should be 
paid to determine whether high rate of Vertebral body height 
loss occurs before KP.
Keywords: Osteoporotic vertebral compression fracture, 
Adjacent vertebral fracture, Balloon kyphoplasty, Vertebral 
body height loss 
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S100
 

Clinical and Radiological Result of Revision Surgery 
in the Thoracolumbar Spine Using Revision Rod

Yung-Hun Youn, Kyu-Jung Cho, Ye-Su Park*, 
Won-Hwan Kwon

Department of Orthopedic Surgery, Inha University Hospital College of Medicine, 
Inchean, Korea 
*Department of Orthopedic Surgery, Guri Hospital, Hanyang University College 
of Medicine, Guei, Korea

Purpose: Revision fusion surgery has been increased after 
spinal fusion. Revision rod that connects to the previous rod 
has been newly developed for revision surgery. To analyze 
clinical, hematological and radiological results after spinal 
fusion revision surgery using revision rods.. 
Materials and Methods: Thirty-four patients who underwent 
revision fusion surgery after spinal fusion in two university 
hospitals with a minimal 2-year follow-up were reviewed. 22 
cases of adjacent-segment disease, 6 cases of thoracolumbar 
fracture, 1 case of spinal stenosis, 1 case of yellow-ligament 
ossification, 1 case of pyogenic spondylitis, 2 cases of 
degenerative retrolithesis and 1 case of pseudarthrosis were 
included. The Oswestry Disability Index and visual analogue 
scale were evaluated as clinical result. Hemoglobin, hematocrit 
and albumin were evaluated as hematological result, and the 
union rate, the lordosis or kyphosis of the revision level, the 
lumbar lordosis, the T5-12 kyphosis, the proximal junctional 
kyphosis angle, pelvic tilt and sacral slope were evaluated as 
radiological result.
Results: The average ODI was 55.5±13.1 before surgery and 
improved to 30.1±14.9 at the final follow-up (p<0.001). The 
VAS for back pain and leg pain was 5.7±2.0, 6.7±1.9 before 
surgery and changed to 3.1±2.2, 2.8±2.2 at the final follow-
up (p<0.001). The Hb and Hct were 13.4±1.6, 39.5±4.7 
before surgery and changed to 11.0±1.4, 32.4±4.0 at the 
final follow-up (p<0.001). The average albumin was 4.2±0.4 
before surgery and decreased to 2.9±0.3 at the final follow-
up (p<0.001). Lumbar lordosis was 22.4±12.8 degree before 
surgery and 25.8±11.1 degree at the final follow-up, which 

was not significantly changed after surgery (p=0.25). Proximal 
junctional kyphosis was 11.5±13.0 degree before surgery and 
23.1±13.3 degree at the final follow up, which was significantly 
changed after surgery (p=0.001). Bony union was successful in 
all cases except 3 case that underwent posterolateral fusion.
Conclusions: Revision surgery on thoracolumbar spine using 
revision rod showed satisfactory clinical outcomes a
Keywords: Thoracolumbar spine, Revision surgery, Spinal 
fusion, Revision rod 
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Is Indirect Neural Decompression Sufficient After 
Lateral Lumbar Interbody Fusion?

Jae-Young Hong, Seung-Woo Suh, Jae-Hyuk Yang,
Si-Young Park

Department of Orthopedic Surgery, Korea University Medical Center, Seoul, 
Korea

Purpose: To determine the indications for direct or indirect 
decompression of nerve in treatment of degenerative lumbar 
spinal disease.
Materials and Methods: Author retrospectively reviewed the 
consecutive cases of DLIF or OLIF procedures that have 
performed in the author’s institution. In addition, author review 
the article regarding DLIF or OLIF that have been published 
since 2000.
Results: Currently, we have several options for lumbar inter-
body fusion. DLIF (direct lateral inter-body fusion) and OLIF 
(oblique lateral inter-body fusion) procedures become more 
popular procedures for the surgeons.
Indications for single indirect decompression.
- Evident collapse of the disc space with foraminal stenosis
-   Coronal or sagittal imbalance (including lateral listhesis, 

spondylolisthesis)
-   Elderly osteoporotic spine (80>) Indications for additional 

direct decompression
- Evident central canal stenosis with preserved disc space
- Residual symptoms after single indirect decompression
Conclusions: To determine the appropriate treatment options 
for degenerative lumbar spinal disease, surgeons have to know 
the indications of single DLIF or OLIF vs additional direct 



Journal of Korean Society of Spine Surgery Specials

www.krspine.org S77

A
u

g
u

st 3
 M

o
n

d
a
y B

a
llro

o
m

 B

decompression.
Keywords: Lateral lumbar interbody fusion, Indirect 
decompression, Indication 

S102

PRP Injections in Low Back Ache: Solution or 
Burden?

Vishnu Senthil Kumar

Registrar, Sunshine Hospital, Hyderabad, India

Purpose: Low back ache is one of the most common reasons 
to visit a doctor’s opd. One of the three people visiting the out-
patient department complaints low back ache. Platelet rich 
plasma with ozone added in it becomes an analgesic, anti-
inflammatory, anti-microbial and improves circulation. To 
know the efficacy of PRP+Ozone theraphy in the management 
of low back ache. Clinical outcome is assessed by VAS and 
ODI score at the end of 3 and 6 months.
Materials and Methods: Prospective study with inclusion 
criteria of patients with low back ache, duration more than 4 
weeks, failure of conservative management with findings of 
disc bulge or protrusion in MRI. Contra-indication included 
patient refusal, presence of coagulation disorder, spinal 
deformity, surgical site infection, raised ICP, fever or sepsis, 
pregnancy, MRI with extrusion and sequestration. 80 ml 
blood is aspirated and centrifuged @ 3500 rpm for 20 min and 
ozonated. PRP is aspirated and divided into three portions and 
given through epidural inter-laminar route, para-spinal muscles 
with facet joint and epidural caudal route.
Results: 83 (49 Male and 34 Female) patients were included 
in study. VAS and ODI score at (pre-injection, 3 mon, 6 mon) 
were (7.43,3.08,3.61) and (50.36,21.28,22.48). statistically t-test 
was used to find out p value. Standard deviation for VAS and 
ODI were (1.22,1.62) and (9.77,10.65). P-value is statistically 
significant for both VAS and ODI score. 60% of Indians 
suffer from low back ache at some point of time. World wide 
prevalence is 50-84%. In 85-95% of patients, the specific cause 
for back pain is not known. PRP contains high concentration 
of cytokines and growth factors. Ozone has high reactive 
oxygen species and adding ozone to PRP activates these factors 
which accelerate the tissue healing. 75% cases have shown 

improvement in low back pain with above theraphy. 60 out of 
83 patients had improvement in VAS scoring while 80 patients 
had good improvement in ODI scoring.
Conclusions: Ozonated PRP is a novel therapeutic tool for 
treating low back ache as it is safe, effective and has minimal 
side effects. Randomized comparative trials are needed to 
further evaluate if our treatment is superior to lumbar disc 
surgery. This study is a non-randomized study to compare to 
the effectiveness of steroid injection.
Keywords: PRP, OZONE, Low back pain 
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Anterior Debridement and Reconstruction with 
Femoral Allograft For Infectious Spondylitis

Hyoung-yeon Seo, Nam-hoon Lee, Sung-kyu Kim, 
Chan-young Lee 

Department of Orthopedic Surgery, Chonnam National University Hospital, 
Guangju, Korea

Purpose: Infectious spondylitis that failed medical treatment 
requires surgical treatment. After resection of the infected 
vertebral body, surgical reconstruction with implant is required. 
The use of metal mesh cage as a implant in the infected area 
is controversial. We retrospectively reviewed results of the 
surgical reconstruction using femoral allograft after the removal 
of the infected vertebral body.
Materials and Methods: The subjects were 15 patients (male: 
4, female 11) who needed vertebral resection because of 
the progression of infection and severe bone destruction, 
abscess, and pain. The mean age was 74 (64-83) and the 
mean follow-up duration was 2 years. The causes of infection 
were tuberculosis (2 cases) and pyogenic (13 cases) including 
iatrogenic spondylitis after vertebroplasty. The femoral allograft 
was inserted after anterior corpectomy with a thoracoabdominal 
or retroperitoneal approach. For additional bone graft inside 
femoral allograft, 7 cases were filled with removed ribs and 
8 cases were filled with autogenous iliac bone. For further 
fixation, posterior pedicle screw fixation was performed. For 
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clinical evaluation, we use VAS score MacNab criteria. Also, 
we evaluated recovery of the laboratory test, and evaluated the 
degree of bone union.
Results: The mean VAS score improved from 8.1 to 2.7 at 4 
weeks postoperatively. No patients experienced neurological 
deteriorations. 11 patients showed good or excellent results by 
MacNab criteria. Postoperative laboratory test changes in CRP 
improved from an average of 3.9 to 0.6 and an ESR from an 
average of 72 to 38 at 3 months postoperatively. There was no 
breakage or definite dislodgement of allografts after surgery. 
There were no cases of infection that did not heal or recurred
Conclusions: Implantation of femoral allograft for surgical 
treatment of infectious spondylitis could be an alternative to 
surgical reconstruction. The femoral allografts were similar to 
the vertebral bodies in diameter so provided sufficient initial 
strength after reconstruction. 
Keywords: Spondylitis, allograft 
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Is the Management Of Lumbar Spine Tuberculosis 
Different from Dorsal Spine TB?

Ifthekar Syed, Pankaj Kandwal*, Kaustubh Ahuja*, 
Bhaskar Sarkar*, Samarth Mittal* 

All India Institute Of Medical Sciences, Rishikesh, Uttarakhand 
*Aiims Rishikesh, India

Purpose: To evaluate outcomes of surgical management in the 
treatment of Lumbosacral STB.
Materials and Methods: 29 patients attending the OPD or 
ER diagnosed as Lumbo sacral STB were included in this 
study after consent.Disseminated TB,Patients with end stage 
disorders,Patients unable to withstand surgery were excluded 
from study.Out comes were measured interms of improvement 
in VAS and ODI Scores,Local Kyphotic defomity and Global 
sagittal balance. Intraoperative parameters like duration of 
surgery and blood loss were observed.
Results: Among 29 patients,18 were males and 11 females.
The mean age of patients was 36.9 years (SD=15.2). Five 
patients had multi focal contiguous lesions and Three patients 
had non contiguous lesions in dorsal spine.7 Patients out of 
29 had neurological deficits.Majority of the deficits were 
seen in multilevel contiguos or non contiguous lesions. Four 

Patients had segmental kyphotic deformity of more than 400. 
Various treatment methods used were Posterior Instrumentation 
alone (n=8),Posterior instrumentation with anterior column 
reconstruction (n=7), Posterior column shortening (n=7) and 
Minimally invasive spine surgery (n=4).3 patients required 
complex lumbosacral fixation extending to iliac bone.The 
mean kyphotic angle pre operatively was +19.1 degrees 
(SD=+14.02) which was corrected to a mean lordosis of -25.42 
(SD=- 4.54) degrees post operatively.The mean duration of 
surgery was 215.4 minute s(SD=66.5).The average blood loss 
in the study group was 810 ml (SD=853). The mean VAS score 
pre operatively was 7.9 (SD=1.37) which improved to 3.6 
(SD=0.92) Post operatively .The mean ODI preoperatively was 
76 (SD=15.9) and post operatively it was 39 (SD=12.6).The 
Sagittal Vertical axis (SVA) suggesting the global Malalignment 
was Positive (Mean=4 cm) in 4 patients which was corrected 
to neutral in all the four patients.One patient had neurological 
deterioration after correction of deformity in the immediate 
postoperative period which gradually improved after removing 
the compression anteriorly.One patient had superficial infection 
which healed after regular dressings.
Conclusions: The main indication for surgical treatment in 
lumbar tuberculosis is instability related pain indicated by 
high vas and odi scores unlike dorsal spine where neurological 
deficits are pronounced.Lumbosacral potts spine can be 
managed with various techniques when indicated with good 
outcomes as described.
Keywords: Spinal TB, Dorsal spine, Lumbar spine
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Intraspinal Hereditary Multiple Exostosis with 
Thoracic Myelopathy 

Thean Sim Yee, Phaik Shan Khoh, Zairul Anuar 

Penang General Hospital, Malaysia

Purpose: Hereditary multiple Exostosis (HME) has a 
prevalence of 1 in 50,000 birth.The most common bone tumor 
of childhood; known to have mutations in EXT1 or EXT2 
gene. These benign bony growths with hyaline cartilage lining 
are commonly found at juxtaepiphyseal regions of long bones, 
spinal osteochondromas are considered uncommon, only 
accounting for <1% of all exostoses. 
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Materials and Methods & Results: 14-year-old Malay girl 
was presented to us with bilateral lower limb weakness and 
numbness from the lower part of trunk to the bilateral lower 
progressively since 2 months ago. She has underlying hereditary 
multiple exostoses with lesions over all limbs causing mild 
deformity but no major complications. Clinically, left lower 
limb had power 2/5 from L2 to S1, while right lower limb was 
slightly better with the power of 4/5. Patient had hypertonia, 
hyperreflexia, clonus and Babinski upgoing sign of both lower 
limbs. All clinical signs pointed towards upper motor neuron 
disease. Sensation was best over T4, with reduced sensation 
from T5 downwards. Perianal sensation was present suggesting 
sacral sparing. Blood investigation did not show any sign of 
infections or malignancy. Urgent MRI of the whole spine 
showed intraspinal bony tumor with cord compression over T7. 
Posterior spinal instrumentation and excision of bony tumor 
was performed with the of neurophysiological monitoring. HPE 
revealed the tumor to be exostoses. A diagnosis of intraspinal 
exostoses was confirmed. Thoracic JOA score improved from 
6 to 8 a month post operatively and patient was able to walk 
unaided
Conclusions: Literature reviews showed there are many 
reported cases of spinal exostoses, some are solitary and 
some as a part of hereditary multiple exostoses. However, 
commonly these lesions are found over cervical region and 
from posterior elements. Our reported case has a lesion over T7 
lamina with thoracic myelopathy signs. Even though a benign 
growth, the complications can be life changing with significant 
impairement. Intraspinal exostoses must be excised as recovery 
of neurology is excellent with low recurrence rate.
Keywords: Thoracic Myelopathy, Multuple Hereditary 
Exostosis 
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Fibromyaligia in Axial Spondyloarthritis - A Meta-
Analysis

Jung Sub Lee, Tae Sik Goh, Seung Min Son, Dong Suk Kim 

Department of Orthopedic Surgery, Busan National University Hospital, Busan 
Korea

Purpose: The aim of this study was to compare demographic 
characteristics, disease activity, functional status, and quality of 

life between axial spondyloarthritis (AxSpA) with fibromyalgia 
(FM) and AxSpA without FM (Non-FM). 
Materials and Methods: The MEDLINE via PubMed, Cochrane, 
Scopus, and Embase database, from the earliest available 
date of indexing through March 30, 2019, were searched for 
comparative studies evaluating FM in AxSpA patients. Two 
authors performed the data extraction independently. Any 
discrepancies were resolved by a consensus. 
Results: Seven comparative studies were identified. There was 
no statistically significant difference in terms of age, levels 
of inflammatory markers, and prevalence of extra-articular 
manifestations such as uveitis, psoriasis and inflammatory 
bowel disease between FM and Non-FM. The sex ratios (F/
M) were approximately 3/2 in FM and 1/3 in Non-FM and 
the proportion of HLA-B27 positive patients of FM and Non-
FM was 45.1% and 65.6%, respectively. FM patients had 
significantly higher Bath Ankylosing Spondylitis Disease 
Activity Index, higher Bath Ankylosing Spondylitis Functional 
Index, and higher ankylosing spondylitis quality of life score 
compare to Non-FM patients. 
Conclusions: The current meta-analysis showed that FM 
patients had significantly higher pain severity, higher disease 
activity and worse quality of life than Non-FM patients. The 
sex ratio (F/M) and proportion of HLA-B27 positive patients 
were different between two groups. Further well-designed 
studies would be necessary to substantiate our results.
Keywords: Axial spondyloarthritis, Fibromyalgia, Meta-
analysis 
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Treatment Strategy for Impending Instability of 
Spinal Metastasis 

Yeon Ho Kim, Bong-Soon Chang, Jun Ho Kim, 
Hyoung Min Kim, Sam Yeol Chang 

Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, 
Korea

Purpose: To determine the treatment strategy for impending 
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instability of spinal metastasis, we retrospectively reviewed 
consecutive patients with spinal metastasis having an 
intermediate spinal instability neoplastic score (SINS). The 
objective of this study was to find which spine metastasis 
patients with intermediate SINS score should be considered 
more for surgical treatment.
Materials and Methods: We retrospectively reviewed 
consecutive patients with intermediate SINS who were 
diagnosed of spine metastasis between May 2013 and 
December 2017. Only the patients who were followed up 
longer than 12 months or until death had been included for 
analysis. Patients with neurologic deficit or cord compression 
sign were excluded, because they are likely to go through 
surgery regardless of SINS. Patients were stratified according 
to the initial treatment as surgical and conservative treatment 
group. Clinical and radiological outcomes of the two groups 
were compared using Mann-Whitney test, chi-square, Fisher’s 
exact test. As for the conservative treatment group, time until 
the conversion to surgery and associated factors were evaluated 
using Kaplan-Meier survival curve analysis and logistic 
regression analysis. 
Results: A total of 79 spine metastasis patients, all with 
intermediate SINS score, were included in the current study. 32 
patients were initially chosen for surgical management, while 
47 patients received conservative treatment. When the initial 
status of two groups was compared, the “operative group” had 
significantly lower initial Tomita score than the “conservative 
group” (p=0.006). Among the 47 patients selected for initial 
conservative management, 14 patients had received surgery 
while 33 had not. The factors associated with more likelihood 
of conversion to surgery in initially “conservative treatment 
group” were 1) semi-rigid location of the metastatic lesion 
(T3~T10) (p=0.042), and 2) vertebral body collapse for more 
than 50% at initial presentation (p=0.038). The causes of 
conversion to surgery were neurologic symptom (10/14, 72%), 
severe back pain (3/14, 21%).
Conclusions: In the case of spinal metastasis patients with 
intermediate SINS(score 7-12) It is better to consider surgery 
than conservative treatment if metastasis is located in semi-
rigid area(T3-T10) with vertebral body collapse less than 50% 
of original height.
Keywords: Metastatic spine tumor, SINS, Impending instability, 
Spine metastasis
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Outcomes of MIS Surgery with Neurological Deficit 
Metastatic Cases- Prospective Clinical Study oF 20 
Cases

Sanjoy Biswas, Abrar Ahmed

Apollo Gleneagles Hospitals, India

Purpose: Neurologic involvement in metastatic spinal disease 
is challenging to manage due to high co morbidity . Minimally 
invasive spinal surgery has been associated with a lower 
complication profile when compared to traditional open 
methods; however there is paucity of literature evaluating 
the place of percutaneous pedicle screw fixation in the 
management of spinal metastases. The purpose of the study 
is to assess the efficacy of Minimally Invasive Spine Surgery 
using percutaneous screw with or without mini-decompression 
in the management of spinal metastases with neurological 
involvement.
Materials and Methods: This is a single institution prospective 
study of 20 consecutive patients with metastatic spinal disease 
treated with percutaneous pedicle screw. Patients presenting 
with pathological compression fractures and mechanical 
instability had percutaneous pedicle screw, and those with 
radiological and/or clinical metastatic spinal cord compression 
underwent an additional mini-decompression. Data collected 
included patient demographics, Karnofsky’s performance status 
(KPS), pain scores and neurology. Other data included number 
and location of involved levels, number of instrumented levels, 
blood loss, accuracy of screw placement and complications.
Results: Of the 20 patients, 20 could be successfully treated 
with (16 male and 4 females). 18 patients (90%) required a 
mini-decompression. 17 patients (85%) had improvement in 
KPS by at least 10 points (p < 0.0005). Only 2 patients (4%) 
had a worsening of KPS, due to other coexisting problems. 
Fifteen patients improved their neurology by one Frankel 
grade following surgery and 95% reported improvement 
in pain. Mean blood loss was 100mls for the fixation only 
group and 225 mls for those requiring mini-decompression, 
with no other differences between these two surgical groups. 
Screw positioning was excellent in 91%, with 98% having 
uncompromised bony hold. Only one patients required revision 
surgery for aseptic loosening
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Conclusions: Minimally invasive spine surgery using percutaneous 
pedicle screw is a safe and reproducible technique that maintains 
or improves functional outcome in the vast majority of patients 
presenting with spinal metastases.
Keywords: Minimally invasive, Karnofsky’s, Metastatic, Mini-
decompression
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Instrumented Surgical Treatment for Metastatic 
Spinal Tumors: Is Fusion Necessary?

Keun-Ho Lee, Chong-Suh Lee*, Se-Jun Park*, 
Yun Jin Nam*, Youn-Teak Choi*

Department of Orthopedic Surgery, Kangdong Sacred Heart Hospital, Hallym 
University, Seoul, Korea 
*Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University, Seoul, Korea

Purpose: The goal of this study was to evaluate the radiographic 
and clinical results of instrumentation surgery without fusion 
for metastases to the spine.
Materials and Methods: Between 2010 and 2017, patients 
with spinal tumors who underwent instrumentation without 
fusion surgery were consecutively evaluated. Preoperative 
and postoperative clinical data were evaluated. Data were 
inclusive for last follow-up and just prior to death if the patient 
died. Instrumentation-related complications included screw 
migration, screw or rod breakage, cage migration, and screw 
loosening. 
Results: Excluding patient who died within 6 months, a total 
of 136 patients (140 operations) were recruited. The average 
follow-up duration was 16.5 months (median 12.4 months). 
The pain visual analog scale score decreased from 6.4 to 2.5 
(p<0.001) and the Eastern Cooperative Oncology Group scale 
score improved (p<0.001). There were only 3 cases (2.1%) 
of symptomatic instrumentation-related complications that 
resulted in revisions. There were 6 cases of nonsymptomatic 
complications. The most common complication was screw 
migration or pull-out (5 cases). There were 3 cases of screw or 
rod breakage and 1 case of cage migration. Two-thirds of the 
cases instrumentation-related complications occurred after 6 
months, with a mean postoperative period of 1 year.
Conclusions: The current study reported successful outcomes 

with very low complication rates after nonfusion surgery for 
patients with spinal metastases, even among those who survived 
for more than 6 months. More than half of the instrumentation-
related complications were asymptomatic and did not require 
revision. The results suggest than nonfusion surgery might be 
sufficient for majority of patients with spinal metastases.
Keywords: Spinal metastases, Instrumentation without 
fusion surgery, Clinical outcome, Instrumentation-related 
complication, Oncology

S110

Analysis of Surgical Outcomes Between Open Versus 
Mini-Open Surgery for Thoracolumbar Spinal 
Metastasis

Sang-Il Kim, Young-Hoon Kim, Chang-Hee Cho, 
Hun-Chul Kim, Ki-Ho Kang

Department of Orthopedic Surgery, Seoul St. Mary’s Hospital, The Catholic 
University of Korea, Seoul, Korea

Purpose: Minimally invasive spine surgery (MIS) using 
percutaneous pedicle screws plays a significant role in palliative 
surgery for metastatic spinal tumors. The purpose of this study 
was to analyze surgical outcomes between open versus MIS 
surgery for thoracolumbar spinal metastasis in a single institute. 
Materials and Methods: This was a retrospective study. The 
subjects were 95 patients who underwent spinal stabilization 
surgery for metastatic spinal tumors, including 64 patients 
who underwent open surgery (group A) and 31 patients 
who underwent MIS (group B). We analyzed baseline 
characteristics, perioperative factors and clinical results such 
as postoperative survival time, visual analogue scale (VAS), 
length of stay, intensive care unit (ICU) care, postoperative 
complications, and late complications.
Results: The baseline age (p=0.847), tumor diagnosis 
(p=1.000), and spinal level of instrumentation (p=0.865) did 
not differ significantly between the two groups. The rate of 
postoperative ICU care did not differ significantly between the 
groups (p=0.178). Patients in group B had less perioperative 
blood loss (p=0.005), operation time (p<0.001), and major 
complications (p=0.030). Pain improvement was favorable in 
group B compared to group A (p=0.046). Time from surgery 
to radiotherapy did not differ significantly between the 2 
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groups. The median postoperative survival time did not differ 
significantly between the groups (9.0 versus 7.7 months, 
p=0.956). For the late complications, the regrowth of spinal 
metastasis was identified in 11 patients (8 in group A and 3 in 
group B), and construct failure was identified in 1 patient in 
group A. 
Conclusions: Group B had less perioperative blood loss, 
operation time, and postoperative complications compared to 
group A. Also, postoperative pain improvement was greater in 
group B than group A. No significant difference was noted in 
the postoperative survival time between the 2 groups.
Keywords: Metastatic spine tumor, Surgery, Open, Minimally 
invasive, Outcome 
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Primary Bone Tumour of the Spine: Surgical 
Treatment and Histopathological Findings

Safiul Alam

National Institute of Neurosciences & Hospital

Purpose: Primary bone tumours of the spine are rare but not 
uncommon. These include both benign and malignant lesions. 
Surgical resection and stabilization in selected cases are the 
treatment of choice. Adjuvant radio and/or chemotherapy are 
needed in malignant cases.
Materials and Methods: We retrospectively reviewed all the 
primary bone tumour of the spine that were surgically treated 
in the department of Neurosurgery of National Institute of 
Neurosciences and Hospital Dhaka, Bangladesh between 2014 
and 2018.
Results: Twenty three cases were included in this study that 
match the selection criteria. Pain was the most common 
presenting symptom. seven patients had significant neurological 
deficits at time of presentation and in most cases there was an 
improvement after surgery. A variety of surgical strategies was 
employed with the use of adjuvant radio or chemotherapy in 
six cases. Seven benign and sixteen malignant tumours were 
treated.

Conclusions: Primary bone tumours of the spine are often 
associated with a significant delay in diagnosis. Surgical 
strategy should be individualized for each case. Acceptable 
results can be achieved with early surgery and adequate chemo-
radiotherapy.
Keywords: Primary bone tumour, Spine, Surgical treatment, 
Histopathology. 
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Outcome of Denosumab Therapy in Spinal Giant 
Cell Tumours - A Multicentric Study 

Rohan Bharat Gala, Saumyajit Basu, Ajoy Shetty*

Kothari Medical Center and Park Clinic, Kolkata, India 
*Ganga Hospital, Coimbatore, India

Purpose: Giant cell tumour (GCT) is a lytic locally aggressive 
tumour. Occurrence of GCT in the spine is relatively rare, with 
an incidence ranging from 1.4 to 9.4%. Due to its infiltrative 
nature and a high rate of local recurrence complete excision 
of these tumours is difficult. Denosumab is a monoclonal 
antibody which causes regression of GCTs in bone, represents 
a new method of treatment in cases which are inoperable due to 
the potential risk of neurovascular compromise and/or loss of 
function. 
Materials and Methods: A cohort of 11 consecutive patients 
of spinal GCT treated with Denosumab from 3 centres were 
included in the study from 2014 to 2017. Denosumab was 
considered either as stand alone treatment, as pre operative or 
as post operative treatment. Dosage was 120mg subcutaneous 
each month for the first 6 months and then once every 2 months 
for the next 1 year, followed by quarterly doses for the next 
12 months. Symptomatic improvement was calculated using 
VAS and the local radiological effect using CT Scans and MRI 
was studied using the algorithm proposed by Boriani et al at 6 
months. All patients are supplemented with calcium & vitamin 
D medication during treatment. 
Results: 9 patients were females with an average age of 33 
years. Most common location was sacral and thoracic (4 each) 
with 2 cervical and 1 lumbar. 2 stand alone cases are still on 
therapy. 1 case was pre treated with Denosumab for 6 months 
followed by excision without evidence of any local recurrence 
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following resection at 2 year followup. Remaining 7 cases were 
all treated with Denosumab after excision and have showed 
no signs of local recurrence at 2 year followup. There was 
significant improvement in VAS scores. 
Conclusions: Denosumab has been useful in down staging 
Giant Cell Tumours which were deemed inoperable or those 
requiring morbid surgery thereby reducing the risk of excision 
and preventing recurrence in patients undergoing surgical 
excision. 
Take Home Message: Denosumab can be used as stand 
alone treatment, pre operative treatment or after surgery with 
satisfactory preliminary results. However, further studies are 
needed to predict the exact duration of treatment
Keywords: Denosumab, Giant cell tumours

S113

Diagnostic Performance of F-18 FDG PET or PET/
CT for Differentiation of Benign from Malignant 
Vertebral Compression Fractures: A Systematic 
Review and Meta-analysis

Jung Sub Lee, Tae Sik Goh, Seung Min Son*, 
Dong Suk Kim

Department of Orthopedic Surgery, Busan National University Yangsan Hospital, 
Busan, Korea 
*Department of Orthopedic Surgery, Busan National University Yangsan 
Hospital, Busan, Korea

Purpose: The purpose of the current study was to investigate 
the diagnostic performance of F-18 fluorodeoxyglucose (FDG) 
positron emission tomography/computed tomography (PET/
CT) for differentiation of benign from malignant vertebral 
compression fracture (VCFx) through a systematic review and 
meta-analysis. 
Materials and Methods: MEDLINE via PubMed, Cochrane, 
Scopus, and Embase database, from the earliest available date 
of indexing through September 30, 2019, were searched for 
studies evaluating the diagnostic performance of F-18 FDG 
PET or PET/CT for differentiation of malignant VCFx. We 
determined the sensitivities and specificities across studies, 
calculated positive and negative likelihood ratios (LR+ and 
LR), and constructed summary receiver operating characteristic 
(SROC) curves.
Results: Across 5 studies (274 patients), the pooled sensitivity 

was 0.96 (95% CI; 0.82-0.99) without heterogeneity (I2=50.6) 
and a pooled specificity of 0.77 (95% CI; 0.56-0.89) with 
heterogeneity (I2=76.1). Likelihood ratio (LR) syntheses gave 
an overall positive likelihood ratio (LR+) of 4.1 (95% CI; 
2.1-8.0) and negative likelihood ratio (LR-) of 0.05 (95% CI; 
0.01-0.23). The pooled diagnostic odds ratio (DOR) was 78 
(95% CI; 19-316). Hierarchical summary receiver operating 
characteristic (ROC) curve indicates that the areas under the 
curve was 0.94 (95% CI; 0.92-0.96).
Conclusions: The current meta-analysis showed the high 
sensitivity and moderate specificity of F-18 FDG PET or PET/
CT for differentiation of malignant VCFx. At present, the 
literature regarding the use of F-18 FDG PET for differentiation 
of malignant VCFx remains limited; thus, further large 
multicenter studies would be necessary to substantiate the 
diagnostic accuracy of F-18 FDG PET for differentiation of 
malignant VCFx.
Keywords: F-18 FDG; PET/CT; Vertebral fracture: Malignant 
fracture 
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Incidence and Prognosis of Spinal Metastases as the 
First Manifestation of Malignant Tumors: Analysis of 
338 Patients Undergoing Surgical Treatment

Jin-Sung Park, Chong-Suh Lee, Se-Jun Park, Yun Jin Nam, 
Youn-Teak Choi 

Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan 
University, Seoul, Korea

Purpose: The purpose of this study was to evaluate the 
incidence and prognosis of spinal metastasis as the first 
manifestation of malignancy.
Materials and Methods: We reviewed retrospectively 338 
patients who underwent surgical treatment for metastatic 
spinal disease. The SM-IMM group included patients with 
no history of malignancy whose primary malignancy site was 
diagnosed after identifying spinal metastasis. On the other 
hand, the SM-DTM group included patients with a history of 
treatment for primary malignancy who then developed spinal 
metastasis. The incidence of SM-IMM according to the site of 
primary malignancy was examined. The difference between the 
surgical treatment prognosis for SM-IMM and SM-DTM was 
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evaluated.
Results: During the follow-up period, 264 patients died and 74 
patients survived. Mean survival was 11.5 months (range, 0.6 
to 105.4) after surgical treatment. The SM-IMM included 94 
patients (27.8%). When evaluating the primary malignancy 
site, 35/103 patients (34.0%) with lung cancer belonged to the 
SM-IMM, as did 8/45 patients (17.8%) with liver cancer, 3/29 
patients (10.3%) with colorectal cancer, 3/22 patients (13.6%) 
with breast cancer, 3/10 patients (30%) with prostate cancer, 
4/8 patients (50%) with thyroid cancer, and 28/88 patients 
(31.8%) with other cancer. In Kaplan-Meier survival analysis, 
SM-IMM showed a significantly longer survival time than SM-
DTM (p=0.013). The mean survival time was 23.0 months in 
the SM-IMM (15.5 in the SM-DTM).
Conclusions: Among the 338 enrolled patients who underwent 
surgical treatment for spinal metastasis, 94 patients (27.7%) 
underwent surgical treatment for SM-IMM. The SM-IMM had 
an acceptable prognosis when undergoing surgical treatment.
Keywords: Spinal metastasis, Initial manifestation of 
malignancy, Incidence, Surgical treatment, Prognosis 

Symposium Lumbar  
- Surgical Technique: Anterior 

Column Realignment Surgery on 
Lumbar Spine

Redefining of Anterior Column Realignment Surgery 
on Lumbar Spine

Chang Hwa Hong 

Department of orthopaedic surgery, Soonchunhyang University Cheonan 
Hospital, Cheonan, Korea

During the spine surgery, owing to the iatrogenic instability 
of spinal column, many method of fusion technique were 
developed for giving stability. Among the fusion method, 
interbody fusion were used very much these days. There are 
many technique to perform the fusion, posterior, anterior and 
lateral method according to the approach method to disc space.
Posterior method includes PLIF and TLIF, which is divided by 
medial or lateral side of facet joint. Direct method to disc space 

were ALIF and lateral approach. ALIF can get more segmental 
angle by cut the ALL (anterior longitudinal ligament). The 
lateral approach has many name according to merchandise 
as XLIF, DLIF, OLIF. Both the XLIF and DLIF approach to 
disc space using penetrate the Psoas muscle and preparing disc 
space and insert the cage. In OLIF method the Psoas muscle 
is retracted to posteriorly and can assess to disc space. But, the 
other author declare, the OLIF procedure using the Kamvin’s 
triangle to insert the cage to disc spacevia posterior approach.
The terminology of interbody fusion were not clearly definded, 
so we need more discussion about that.

Tips and Pitfalls of Using Cage for Achieving Both 
Indirect Decompression and Segmental Angle 
Restoration

Sang Bum Kim 

Department of Orthopaedic Surgery, Chungnam National University School of 
Medicine, Daejeon, Korea

Minimally invasive lateral lumbar interbody fusion (LLIF) 
is being used increasingly as an alternative to conventional 
anterior or posterior procedures. Among the advantages of 
LLIF compared with conventional posterior procedures, the 
ability to restore disc height (DH) and to indirectly decompress 
the neural elements is worthy of special mention. Indirect 
neural decompression can be achieved by reduction of disc 
bulging and elongation of the hypertrophied ligamentum 
flavum through the restoration of DH. Next , the restoration of 
segmental angle (SA) is also important for regional and global 
balance. Because it is known that making the appropriate 
lumbar lordosis is critical for obtaining good clinical outcomes 
and preventing adjacent segment disease, making an 
appropriate SA is of importance. But achieving  both indirect 
decompression and segmental angle restoration together, 
indirect decompression and restoration of the SA, appear to be 
contrary to each other because the anteriorly located cage can 
be advantageous for restoring the SA, whereas the posteriorly 
located cage might be favorable for achieving the indirect 
decompression effect. We would like to discuss surgical tips 
and pitfalls for both two goals. 
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Technical Tip for Getting The Larger Lumbar 
Correction “With Physiologic Curve”

Yong-Chan Kim 

Department of Orthopedic Surgery, School of Medicine, Kyung Hee University, 
Seoul, Korea

Pedicle subtraction osteotomy (PSO) is a closing wedge 
osteotomy technique performed through a posterior open 
access and resection across the vertebral body, pedicles and 
bony structures. It has a potential for sagittal correction up to 
40° and for long-term fusion upon fixation. Although PSO is 
powerful tool to address sagittal deformity, PSO getting acute 
angle correction of lumbar curve just only in single level is 
difficult to obtain physiologic lumbar curve. 
On the other hand, anterior column realignment procedure is 
better to obtain physiologic lumbar curve compared to PSO. 
Ultimately, to obtain a physiologic lumbar curve, we should 
use cantilever force on the lumbar curve following efficient 
release of each lumbar segment on the condition that the spine 
has flexible potential.
Technical tip for getting the larger lumbar correction along with 
physiologic curve in anterior column realignment procedure 
(ACR) as follows;
The identification and separation of the plane between the ALL 
and anterior structures are mandatory in ACR. Discectomy 
and contralateral annulus release are essential to ensure 
symmetrical distraction, proper bilateral decompression, 
and deformity correction and to isolate and facilitate a safe 
division of the ALL and remaining annulus. The ALL and 
remaining annulus are released with surgeon’s preferred 
method. A paddle distractor or spreader may be used inside the 
disk space to confirm adequate release of the ALL. If tension 
persists, ALL or contralateral annulus must be still intact or 
the posterior portion of the annular release will be incomplete. 
Sequential trials are performed, and then trials are initiated 
once the anterior release has been completed and are utilized 
to accommodate hyperlordotic cages. During the anterior 
release and reconstruction procedure of lumbar segment, 
we should consider osteoporotic state of vertebral body to 
avoid microfracture and subsidence of vertebral endplate or 
cancellous portion of vertebral body leading to the smaller 
angle of lumbar curve correction. 
Based on degenerative state of posterior column including 

facet joints, posteriorly ponte osteotomy with resection of 
upper portion of superior articular process. Moreover, a pre-
ACR posterior release via a posterior-anterior-posterior (PAP) 
surgical sequence allows for greater lumbar lordosis correction 
than a procedure done without a pre-ACR posterior osteotomy 
through an anterior-posterior (AP) surgical sequence.
In summary, for getting the larger lumbar correction along with 
physiologic curve, we need to perform efficient anterior and 
posterior release considering degenerative state of disc and 
facet joint to use effective cantilever force for sagittal deformity 
correction. During the all the procedure, consideration for 
osteoporosis should be necessary. 

Strategies of Prevention for Surgical Complications: 
Hernia, Neurovascular Injury Etc

Tae-Hoon Kim 

Department of Orthopaedic Surgery, Konkuk University, Seoul, Korea

Anterior column realignment (ACR) is a powerful tool to 
increase lumbar lordosis by lengthening the anterior column. 
Minimally invasive lateral ACR can achieve large corrections 
at a single segment. However, according to the recent literature, 
the rate of complications is reported from 18 to 47%. These 
complications included transient and permanent motor/ sensory 
deficit, hip flexion weakness, bowel perforation, and vascular 
injury.  
Of the lumbar plexus nerves, the genitofemoral nerve is 
especially at risk as it crosses the L2-3 and L3-4 disc spaces 
while coursing posterior to anterior. As it reaches the caudal 
end of the L4 vertebral body, it runs anteriorly along with the 
sympathetic plexus, which runs along the anterolateral border 
of the lumbar vertebral bodies. The sympathetic plexus lies 
along the lateral border of the ALL and, thus, may be at risk 
during release of the ALL. The aorta lies anteriorly along the 
left border of the lumbar vertebral body and bifurcates into 
the right and left common iliac arteries approximately 18 mm 
cephalad to the L4-5 disc space. Arising from the aorta are 
4 paired lumbar segmental arteries, which course laterally 
around the vertebral body, avoiding the disc space. The inferior 
vena cava lies anteriorly along the right border of the lumbar 
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vertebral body and is formed by the convergence of the right 
and left common iliac veins with in approximately 2 mm of 
the L4-5 disc space. Whereas the great vessels lie in close 
proximity to the ALL and are therefore at risk during an ACR, 
there is an adipose-lined anatomic plane that allows for safe 
dissection dorsal to the great vessels. 
The surgeon should scrutinize the relation of the vessels relative 
to the spine, including looking for a safe plane for dissection 
anterior to the spine. Contraindications to the procedure 
include a fused disc space ate the level and prior retroperitoneal 
vascular injury. To prevent injury the anterior vascular structure, 
it is imperative to develop the adventitial plane directly anterior 
to the anterior longitudinal ligament and annulus. The lumbar 
plexus passes through the psoas, which adds anatomic risk 
of neurological injury from lateral MIS approaches. The risk 
can be mitigated with intraoperative neuro-monitoring. MIS 
retractor can allow for direct stimulation of the dilators and the 
posterior blade as they are positioned, allowing the surgeon 
to make adjustment if low stimulation threshold indicated 
proximity to a motor nerve. Transient hip flexion weakness 
is expected form a lateral, transpsoas approach. The direct 
anterior incision carries the risk of incisional hernia, and the 
anterolateral incision occasionally results in denervation of 
a portion of the abdominal wall. This creates a patulous and 
occasionally uncomfortable abdominal wall on the side of the 
approach. This condition is not a hernia and cannot be repaired 
with additional surgery. 
Adequate visualization of the ALL and annulus is critical 
for the safety of the ACR procedure. Patients with abnormal 
vascular anatomy, extensive calcification of the aorta, or 
previous anterior spinal or retroperitoneal surgery are likely not 
good candidates for ACR. A thorough understanding of patients 
anatomy and optimization of patient selection helps to increase 
the probability of a safe surgery and postoperative alignment 
goals.

Symposium: Lumbar  
- Degenerative Lumbar Scoliosis 

in Lumbar Spine

Radiographic Restoration After Surgery Promises 
the Better Clinical Outcome?

Dae-Hyun Park

Department of Orthopedic Surgery, Inje University Hospital, Busan, Korea

Over the last 20 years, a lot of research has been done on 
sagittal plane alignment and the importance of sagittal 
radiographic parameters has gradually increased in adult 
spinal deformity (ASD). It has been demonstrated that sagittal 
spinopelvic alignment plays critical role in determining the 
final outcome in ASD. Sagittal plane malalignment is poorly 
tolerated and correlates with suboptimal health status. 
Sagittal plane radiographic promises the better clinical outcome 
after surgery in degenerative lumbar scoliosis (DLS)?       
DLS is a three dimensional deformity based upon a coronal 
plane Cobb’s angle exceeding 10 degrees. Although, its 
diagnosis was confirmed by coronal plane deformity, sagittal 
plane alignment has a great impact on clinical outcome than 
coronal plane. It was well known that sagittal plane parameters 
such as, pelvic incidence minus lumbar lordosis (PI-LL), pelvic 
tilt (PT), sagittal vertical axis (SVA) plays critical role after 
surgery as in other adult spinal deformity surgery. However, 
recent studies have challenged this presumed impact of sagittal 
spinopelvic malalignment on health status and demonstrated 
weak correlations with health-related quality of life when 
limiting ASD to de novo DLS. 
ASD encompasses a complex group of pathologies that covers 
a broad spectrum of spine disorders including de novo DLS, 
adult form of idiopathic scoliosis, fixed sagittal imbalance such 
as ankylosing spondylitis and iatrogenic flat back. Depending 
on the type and severity of deformity, it may range from 
asymptomatic to severe pain and disability. Unlike other spinal 
deformity, DLS patients complains not only back pain, but also 
radiating pain and claudication. 
Faraj et al, concluded that no noteworthy association between 
clinical and sagittal radiographic parameters was found. Only 
weak correlations were found between SVA and Oswestry 
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disability index and PT with numeric rating scale back pain. 
Sagittal radiographic parameters should not be considered the 
unique predictor of pretreatment suboptimal health status in de 
novo DLS. 
Ha et al, also stated that even though some radiographic 
parameters showed statistically significant results, correlation 
between radiological and clinical parameters was weak. Only 
PI-LL showed weak correlation with clinical parameters. 
Not only deformity but also other clinical factors should be 
considered when evaluating DLS. 
Chapman et al, reported that only weak association between 
baseline patients reported outcomes and sagittal radiographic 
parameters were identified in DLS. It suggests regional 
radiographic parameters are not drivers of patient reported 
outcomes.
Unlike other ASD, the main reason for these results were 
brought by older age group, severe leg radiating pain and 
stenosis symptoms in DLS. When they limited to DLS, mean 
age of patients group was mid 70’s comparing with mid 50’s in 
ASD group. Also, it may mean treating the stenosis symptoms 
may be more important than correcting the sagittal alignment 
in DLS. So, simple decompression and short segmental fusion 
were recommended to specific DLS patients rather than long 
segmental fusion with deformity correction. 
In general, sagittal profiles are important when treating DLS, 
but it can’t be only major predictors after surgery.  

Comparative Analysis of Lower Most Fusion Level: 
L5 vs S1 vs Ilium

Byung Ho Lee 

Department of Orthopedic Surgery, Severance Hospital, College of Medicine, 
Yonsei University, Seoul, Korea 

Adult spinal deformity is one of the most challenging 
spinal disorders associated with broad range of clinical and 
radiological presentation. When conservative treatment fails in 
treating symptomatic degenerative lumbar scoliosis, surgery is 
often considered. The point of consideration in the treatment 
of degenerative lumbar scoliosis are 1) general condition of 
patients, presence of osteoporosis 3) stiffness of curve, 4) 

coronal and sagittal imbalance.  Up to now, some of consensus 
to decide the distal fusion level was suggested as below; The 
lower instrumented vertebra to L5 recommended if 1) normal 
L5–S1 disc and facet joint excluding existing spinal stenosis 
and listhesis; 2) UIV is T10 or below; 3) without global sagittal 
imbal¬ance; 4) no osteoporosis, and 5) young or less active 
patient. LIV to S1 recommended if 1) abnormal disc or facet 
joint at L5–S1; 2) long fusion from T9 or above; 3) sagittal 
imbalance operations, 4) osteoporosis, and old age. 
Considerable rate of patients (61%) under fixation at L5 
showed degenerative changes, leading to sagittal imbalance and 
increasing risk of reoperation. Accordingly it is preferable to 
fuse to the S1 in patients with sagittal imbalance, as it is highly 
likely to cause subsequent degeneration at the L5–S1 segment, 
even without degenerative change before surgery. Fusion to 
the sacrum achieve a better correction of sagittal imbalance 
than fusion to L5. However the complication rate is higher in 
the fusion to the sacrum. In some patients, fixation construct 
related problems including screw loosening, breakage or 
screw cap loosening were found. Pseudoarthrosis, which is the 
most common complication at the L5–S1 segment, developed 
in 42% of cases of fusion to the sacrum, but 4% of cases of 
fusion to L5. To prevent pseudoarthrosis, interbody fusion and 
additional iliac fixation are strongly recommended. Sagittal 
decompensation after fusion to the sacrum is not uncommon, 
and therefore restoration of lumbar lordosis is critical to 
achieve sagittal balance. Also pelvic fixation and 3rd or 4th rod 
should be add¬ed if UIV L2 or above and 3-column osteotomy 
is utilized depending on the medical environment. The use 
of a multiple-rod construct is a simple and effective method 
to provide increased stability across 3-column osteoto¬my 
sites to significantly prevent implant failure and symptomatic 
pseudoarthrosis vs. a standard 2-rod construct. However, 
depending on the medical environment including insurance 
and reimburse in the medical system, there is no universal 
agreement about which levels to select for distal fusion level 
and use of multiple-rod construct. 
Therefore, radiologic outcome in clinical cases and 
biomechanical comparison utilizing the finite element model 
depending on the distal fusion level of L5, Sacrum and pelvis 
were presented. 
For decision making of distal fu¬sion level for lumbar 
degenerative lumbar scoliosis surgery, the UIV, the L5-S1 
disc condition, the presence of osteoporosis, the activity and 
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life style of the patients, combination of fixation constructs 
including multiple rods and cement augmentation should be 
considered.

Proximal Coronal Curve Progression after Surgery

Woo-Dong Nam

Department of Orthopedic Surgery, School of Medicine, Kangwon National 
University, Chuncheon, Korea 

Purpose:  Surgical options for degenerative lumbar scoliosis 
(DLS) comprise simple decompression, long level fusion, 
including the entire deformity and/or above, and short level 
fusion, decompression and fusion only for main neurologic 
pathology within deformity, especially for balanced spine 
without serious axial back pain.
Materials and Methods & Results: Simple decompression for 
DLS with clinical symptoms, has been reported unacceptable 
due to aggravation of deformity and instability, resulting in the 
worsening of symptoms again. For decompensated or severe 
deformity more than 40°, long level fusion includes entire 
deformity and/or above is mandatory. Short level fusion, that is 
instrumentation within the deformity, restricted to neurological 
pathology segment can be another option to save mobile 
lumbar segments. 
Conclusions: Factors contribute to progression of coronal 
deformity after surgery has been reported as follows. Angle of 
scoliosis, degree of rotation at apical segment, lateral translation 
of apical vertebra, tilting of L5, L5 height against intercristal 
line and osteoporosis, age factors. Also, degree of degeneration 
of intervertebral disc and facet joints above the UIV (upper 
instrumented vertebra) has been reported as prognostic factors. 
For the selection of fusion level, UIV below stable vertebra 
or upper end vertebra, whether fusion comprises the apical 
segment or not has reported as major factors for progression 
of deformity. Sagittal angle and balance can be another factor 
for progression of coronal deformity. In contrast, still there is 
debates for correlation of clinical results of short level fusion 
with progression of coronal deformity.
Keywords: DLS, Progression of curve, Short level fusion  

Proximal Sagittal Curve Progression After Surgery 
of Degenerative Lumbar Scoliosis

Young-Woo Kim 

Department of Orthopedic Surgery, of Orthopaedic Surgery, Dongtan Sacred 
Heart Hospital, Hallym University College of Medicine, Suwon, Korea

In the case of degenerative lumbar scoliosis, some patient will 
decrease their thoracic kyphosis to compensate for the loss 
of lumbar lordosis. This method of compensation requires 
good flexibility of the thoracic spine and the motor strength 
to maintain the hypokyphosis. Recognizing preoperative 
thoracic compensation potentially may have implications for 
postoperative standing alignment because increased reciprocal 
thoracic kyphosis occurs after lumbar deformity correction 
and this may diminish the global correction. In addition, an 
increased thoracic kyphosis causing reciprocal change occurs in 
almost 40% of patients after corrective surgery for adult spinal 
deformity. The presence of preoperative thoracic compensation 
in adult spinal deformity patient is the primary determinant of 
postoperative reciprocal thoracic kyphosis and these patients 
are more likely to have proximal junctional kyphosis.

Symposium: Lumbar 
- Prevention and Management 
After Elderly Spine Surgery

Perioperative Delirium After Elderly Spine Surgery

Hun Kyu Shin

Department of Orthopedic Surgery, Kangbuk Samsung Hospital, School of 
Medicine, Sungkyunkwan University, Seoul, Korea

Purpose: Postoperative delirium is great concern of spine 
surgery as the age of surgical patient increases. The 
surgery related incidence is 20 to 50% in orders over 60 
years after major surgery and 11.1 to 14.5% of patients 
undergoing spinal surgery. Those with delirium are often 
either agitated (hyperactive type) or lethargic (hypoactive 
type) or alternate between these motor subtypes (mixed 
type). Delirium occurs commonly in older adults, especially 
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when there is pre-existing neurocognitive impairment and 
also following an insult such as an infection or a trauma. 
Postoperative delirium is associated with increased mortality, 
cognitive and functional decline, increased hospital length 
of stay, and substantial annual health-care costs. Delirium 
pathophysiology is not well understood and this likely 
contributes to the current state of low-quality evidence that 
informs perioperative guidelines.
Materials and Methods & Results: In this study, we examine 
the current understanding of postoperative delirium 
pathophysiology and summarize the current state of prevention 
and management efforts. Despite the knowledge gaps in 
delirium pathogenesis, delirium may still be preventable with 
targeted, multicomponent interventions. Pharmacologically 
hypothesizied that ketamine would reduce postoperative 
delirium. Dexmedetomidine use was associated with reduction 
in the composite outcome of delirium, agitation, and confusion. 
EEG-guided anesthesia has been recommended in the past 
because deep anesthesia may cause postoperative delirium. But 
recent studies show EEG-guided anesthesia does not reduce 
postoperative delirium occurrence substantially in older surgical 
patients,      even if EEG suppression time during surgery is 
decreased. One of the most consistently effective delirium 
prevention strategies involves a multicomponent intervention 
that targets modifiable risk factors. 
Conclusions: Perioperative delirium is a distressing 
syndrome for older surgical patients and their families, and 
the societal consequences of delirium are likely to escalate 
with a growing older surgical population. Neurophysiologic 
investigation, shaped by a network science framework, 
may improve neurobiologic understanding of delirium 
mechanisms. Knowledge gaps in relation to pathophysiology 
may help explain why rigorous, large pharmacologic and 
non-pharmacologic trials for delirium prevention have 
generally been disappointing and weigh against current 
guidelines. With improving scientific and technological 
advances and the establishment of multidisciplinary 
neuroscience collaborations, the time is ripe to improve 
perioperative delirium understanding and management.

Miscellaneous II

S115

The Comparison of one and Two Distal Hooks 
in Thoracolumbar Fusion Using Pedicle Screw 
Instrumentation in Elderly Patients

Sung-Soo Kim, Byung-Wan Choi, Min-Sung Kwon

Department of Orthopedic Surgery, Inje University Haeundae-Paik Hospital, 
Busan, Korea

Purpose: To compare the radiologic outcomes of one and two 
distal hooks augmentation in thoracolumbar fusion using 
pedicle screw instrumentation in elderly patients.
Materials and Methods: This retrospective study recruited 
23 patients aged 65 years or older, who underwent anterior 
support and long level posterior fusion in the thoracolumbar 
junction with a follow-up of one year. Based on the numbers 
of distal hooks, the patients were divided into two groups; 
one hook group (OH group, n=10) and two hooks group (TH 
group, n=13). 
Results: The average age was 74.5 years (65-84 years). The 
average fusion segment was 5.0 segments (4-6 segments). 
There were no significant differences in age, sex, causative 
diseases, bone mineral density of lumbar and proximal 
femur, number of patients with osteoporosis and number of 
fused segments between the two groups. At 1-year follow-up 
after surgery, parameters related with distal screw position 
were not significantly worse in the two groups. No patients 
had distal screw pullout in the both groups. There were no 
significant differences in the progression of distal junctional 
kyphosis between the two groups. 
Conclusions: Distal augmentation with one hook is effective 
enough to protect distal pedicle screws against the pullout 
when long level thoracolumbar fusion with anterior support 
was performed in elderly patients aged 65 years or older. 
Keywords: Thoracolumbar fusion, Distal hook, Pedicle screw, 
Osteoporosis 
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A Prospective Study on The Feasibility, Safety, and 
Efficacy of a Modified Technique to Augment the 
Strength of Pedicle Screw in Osteoporotic Spine 
Fixation

Vikas Tandon

Indian Spinal Injuries Centre, Delhi, India

Purpose: Osteoporotic spine fixation by pedicle screw 
instrumentation is complicated by screw loosening, 
migration or pull-out with rates of up to 62 % documented in 
the literature. Contemporary solutions have not adequately 
addressed these complications. We propose a modified 
surgical technique of cement augmentation with bi-cortical 
pedicle screw fixation to address the issue related to implant 
failure in osteoporotic spine. Overview of literature: Zindrick 
et al described a “windshield wiper” effect due to the center 
of rotation shifting to the distal tip of the screw in the bi-
cortical purchase of screws. An increase in pull-out strength 
by 119% to 250 % has been documented in the literature 
with PMMA augmentation. The present technique has not 
been described in the literature.
Materials and Methods: A prospective study was conducted 
on 40 patients who underwent surgery by the modified 
technique. Intraoperative and postoperative complications 
directly related to the procedure were assessed. Improvement 
in pain and functional status were assessed. Follow up 
radiographs were assessed to look for appreciable screw 
migration, loosening or pull-out.
Results: This technique has been utilized in inserting 364 
screws in 40 patients. We did not encounter any difficulty 
in inserting screws. 19 screws failed to breach the anterior 
cortex due to an error in measurement. There were no 
complications during the procedure in any of the cases and 
the postoperative period was uneventful. The mean follow-
up period was 18 months. There were two cases of proximal 
junctional failure with kyphosis during follow-up which were 
managed surgically by extension of the fixation levels.
Conclusions: Bi-cortical fixation with cement augmentation 
is a technically feasible, safe and effective technique to 
augment the strength of pedicle screws in osteoporotic spine 
fixation. It has the potential to be established as a standard of 

care in osteoporotic spine fixation.
Keywords: Modified technique, Osteoporotic spine fixation, 
Pedicle screw, Cement augmentation, Bicortical screw fixation 
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Prevalence of Psychiatric Disorders in Pediatric 
Scoliosis Patients: An Analysis of the Nationwide 
Patient Sample Data Sets

Soo-Bin Lee, Ji-Won Kwon*, Sahyun Sung, Hwan-Mo Lee, 
Seong-Hwan Moon, Jae-Ho Yang, Kyung-Soo Suk,  
Hak-Sun Kim, Byung Ho Lee

Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea 
*Department of Orthopedic Surgery, National Health Insurance Service Ilsan 
Hospital, Seoul, Korea

Purpose: The purpose of this study is to investigate the 
prevalence of psychiatric disorders in pediatric scoliosis 
patients using statistically sampled National Health Insurance 
data sets. 
Materials and Methods: This was a retrospective analysis 
of sample data sets from Health Insurance Review and 
Assessment Service from 2012 to 2016. The data set of 
each year consisted of approximately one million pediatric 
inpatients and outpatients who visited medical institute from 
January 1 to December 31 with an extraction rate of 10%. 
Patients with diagnosis codes for scoliosis were identified, 
and the proportions of psychiatric disorders were obtained 
according to the subgroups of scoliosis and psychiatric 
disorders. We performed chi-square test to compare 
prevalence according to scoliosis subgroups.
Results: For a 5-year period, among accumulated 5,021,153 
pediatric patients, 42,418 scoliosis patients (0.84%) were 
identified. The prevalence of psychiatric disorders in scoliosis 
group was an average of 13.63% as compared with that of 
the control group, an average of 12.99%. For adolescent 
idiopathic scoliosis (AIS), there was a higher risk of mood 
disorders in all 5 years, statistically significant in 2012 and 
2013 (OR=1.18, p=0.00; OR=1.16, p=0.00, respectively). 
Excluding 2013, neuromuscular scoliosis patients had a 
higher risk of physical factor-related behavioural syndromes, 
statistically significant in 2014 and 2016 (OR=3.95, p=0.00; 
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OR=3.12, p=0.01, respectively). 
Conclusions: Mood disorders were associated with AIS. 
Physical factor-related behavioural syndromes were 
associated with neuromuscular scoliosis. Careful attention 
should be paid to the mental health of pediatric scoliosis 
patients by spine surgeons and pediatricians.
Keywords: Scoliosis, Psychiatric disorder, Mental health, 
Nationwide
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Effect of Lumbar Spinal Stenosis on Bone Mineral 
Density in Patients Treated with Ibandronate for 
Newly Diagnosed Osteoporosis

Hyung-Youl Park, Jun-Seok Lee, Ki-Won Kim*

Department of Orthopedic Surgery, Eunpyeong St. Mary’s Hospital, College of 
Medicine, The Catholic University of Korea, Seoul, Korea, Seoul, Korea 
*Department of Orthopedic Surgery, Yeouido St. Mary’s Hospital, College of 
Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: Many studies have shown that free physical 
activities and exercise can improve bone mineral density 
(BMD) in patients with osteoporosis. However, lumbar spinal 
stenosis (LSS) can cause various neurological symptoms 
and reduce the daily activity of patients. The objective of 
this study was to investigate the effects of LSS on BMD 
in patients treated with ibandronate for newly diagnosed 
osteoporosis.
Materials and Methods: A retrospective review was performed 
for 398 patients first diagnosed with osteoporosis. Among 
them, 159 patients treated with oral ibandronate were finally 
included in this study. Eighty-three patients with osteoporosis 
alone were included in group 1 and 76 patients with both 
osteoporosis and LSS were included in group 2. Mean BMD 
and annual changes were evaluated for each group and 
compared between the two groups. In subgroup analysis, 
BMDs were evaluated according to age.
Results: Although the initial BMD was similar between 
the two groups (-3.71 vs. -3.80, p=0.388), mean BMDs at 
follow-ups were significantly different (-3.39 vs. -3.58 at 
1-year; -3.27 vs. -3.49 at 2-year; -3.13 vs. -3.45 at 3-year; all 
p<0.05). In addition, change of BMD in the first year (0.32 
vs. 0.21, p=0.036) and total change of BMD (0.57 vs. 0.35, 

p=0.002) were significantly greater in group 1 than those in 
group 2. Subgroup analysis according to age, group I showed 
significant improvements of BMD in the first year (0.33 vs. 
0.20, p=0.013) and total changes for three years (0.60 vs. 0.37, 
p=0.008) for patients aged more than 70 years.
Conclusions: The effect of ibandronate on BMD was better 
in patients with osteoporosis alone than that in patients with 
both osteoporosis and LSS, particularly in elderly patients. 
Thus, careful consideration should be taken for osteoporosis 
treatment combined with LSS.
Keywords: Osteoporosis, Lumbar spinal stenosis, Ibandronate, 
Bone mineral density 
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Cauda Equina Syndrome: False-positive Diagnosis 
of Neurogenic Bladder Can be Reduced by 
Multichannel Urodynamic Study

Sulaiman Sath

Department of Orthopedic Surgery, Indian Spinal Injuries Centre, India

Purpose: The present consensus suggests urgent surgical 
decompression if clinical features of cauda equina syndrome  
(CES) are supported by MRI evidence of pressure on cauda 
equina. However, clinical diagnosis has a high false-positive 
rate and MRI is a poor indicator. Though urodynamic studies 
(UDS) provide objective information about the lower urinary 
tract symptoms experienced by patients including neurogenic 
bladder, its role in the diagnosis of CES is not established. 
To evaluate the ability of an objective urological assessment 
protocol using urofowmetry+USG-PVR as screening test and 
invasive UDS as confrmatory test in patients with suspected 
CES to rule out neurological impairment of the bladder 
function.
Materials and Methods: A retrospective study was conducted 
on all patients who were referred to our institution with 
equivocal fndings of cauda equina syndrome from January 
2014 to December 2018 with positive MRI fndings. An 
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algorithm using multichannel UDS was followed in all the 
included patients.
Results: Out of 249 patients who fulflled the inclusion 
criteria, 34 patients (13.65%) had normal urofowmetry and 
USG-PVR fndings; 211 patients underwent the invasive 
UDS. Only 141 (57.6%) patients out of 245 patients had 
neurovesical involvement due to compression of cauda 
equina; 67 patients were treated conservatively using the 
objective protocol. Only one patient treated conservatively 
had to undergo emergency decompression for deterioration 
in symptoms.
Conclusions: Multichannel UDS provides an objective 
diagnostic tool to defnitively establish the neurovesical 
involvement in CES. Utilising multichannel UDS as an 
adjunct to clinical fndings avoids the probability of false-
positive diagnosis of CES.
Keywords: Cauda equina, Neurogenic bladder, Urodynamic 
study

S120

The Gait Trunk Angle Assessment by Using Gait 
Analyzer with KINECT in Elderly Volunteers with 
or Without Low Back Pain

Yuh Watanabe, Yu Yamato*, Tomohiko Hasegawa, 
Go Yoshida,Tatsuya Yasuda, Tomohiro Banno,  
Hideyuki Arima, Yuki Mihara, Hiroki Ushirozako, 
Tomohiro Yamada, Koichiro Ide, Yukihiro Matsuyama, 
Shin Oe* 

Department of Orthopedic Surgery, Hamamatsu University School of Medicine, 
Hamamatsu, Japan, Japan 
*Department of Orthopedic Surgery and Division of Geriatric Musculoskeletal 
Health Hamamatsu University School of Medicine, Japan

Purpose: The purpose of this research is to reveal the characteristics 
of trunk inclination while walking differed by the degree of low 
back pain for the elderly.
Materials and Methods: Between May and October 2019, we 
gathered elderly volunteers for this study at the community 
gathering venue of Toei town, Aichi prefecture. A total of 
88 subjects (31 men, 57 women) who underwent the gait 
evaluation and ODI questionnaire survey were included. 
Subjects were categorized into two groups by ODI (threshold 
of ODI 20%). Using a portable gait analyzer System friend 

AKIRA with built-in Microsoft KINECT for gait evaluation, 
we investigated the subjects’ steps of natural walking, step 
width, stride length, walking speed, and trunk inclination 
angle during walking, and statistically analyzed the 
correlation of each materials.
Results: Using the threshold of ODI 20%, the categorization 
into the low back pain group (ODI 20% or more) and the 
healthy group (ODI 0% to 19%) resulted in 25 patients in the 
low back pain group (average age 81.8 years, ODI 33.5%, 
height 149.7 cm, weight 57.4 kg, BMI 25.5 kg/m²) and 63 
in the healthy group (average age 76.5 years, ODI 8.0%, 
height 154.4 cm, weight 55.0 kg, BMI 22.2 kg/m²). The 
walking average value of elements in each group were, the 
low back pain group (step width 0.149 m, stride length 0.491 
m, walking speed 60.8 m/min, trunk forward inclination 
20.1°, trunk backward inclination -4.6°, the healthy group 
(step width 0.133 m, stride length 0.578 m, walking speed 
74.2 m/min, trunk forward maximum inclination 7.4°, trunk 
backward maximum inclination -0.4°). The step width in the 
low back pain group (0.149 m) was larger than that in the 
healthy group (0.133 m) (p=0.041). The stride length in the 
low back pain group (0.491 m) was smaller than that in the 
healthy group (0.578 m) (p=0.004). The walking speed in the 
low back pain group (60.8 m/min) was slower than that in 
the healthy group (74.2 m/min) (p=0.004). The trunk leaning 
forward during walking in the low back pain group (20.1°) 
was larger than that in the healthy group (7.4°) (p=0.048).
Conclusions: The elderly whose ODI is high while natural 
walking has bigger trunk tilt.
Keywords: Gait analysis, Oswestry disability index, Elderly 
volunteers
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Clinical Implication of Mid-Range Dynamic 
Instability in Lumbar Degenerative Spondylolisthesis

Seung-Hwan Lee, Byeong-Mun Park, Chang-Yk Lee

Department of Orthopaedic Surgery, Gwangmyeong Sungae Hospital, 
Gwangmyeong, Korea

Purpose: To determine prevalence of mid-range dynamic 
instability in patients with degenerative spondylolisthesis(DS) 
and to evaluate clinical implication of mid-range instability.
Materials and Methods: In this study, 30 patients with degenerative 
spondylolisthesis who had checked standing dynamic 
radiograph of lumbar spine in our orthopaedic clinic were 
recruited. Stranding lateral radiographs were checked in neutral, 
45 degree flexion (mid range) and 90 degree flexion (terminal 
range) of lumbar spine. Instability was defined as slippage over 
3mm from neutral postion. Patients were divided into three 
group : control group (stable DS), mid range instability (MI) 
group (MI) and terminal range (TI) group. Radiologic outcome 
(stenosis grade) and clinical outcome (VAS and ODI) were 
compared between three groups.
Results: Average slip of lumbar spine were 5.2 mm in 
extension, 6.6 mm in mid-range, 7.2 mm in end-range. MI 
was seen in 8 patients (26.2%) and TI was seen in 12 patients 
(40%). Of 8 patients with mid-range instability, 3 patients did 
not have instability at terminal range (occult patients) and 5 
patients had instability at terminal range (typical patients). 
Body weight and body mass index (BMI) was significantly 
higher in MI group compared to control group. BMI was 
positively correlated with slippage to mid range. There was 
no significant difference in stenosis grade, VAS and ODI. In 
TI instability group, there were no significant difference in 
radiologic, clinical parameter compared to control group.
Conclusions: Mid range instability were shown in one fourth 
of DS patients. Mid range motion was increased with BMI. 
Mid range lateral radiography can reveal occult instability 
in patients with degenerative spondylolisthesis especially in 
obese patients.
Keywords: Spondylolisthesis, Mid range instability, Lumbar 
spine 
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Spinal Epidural Abscess in Neonate: A Case Report

Zhung Shen Tiw

Hospital Pakar Sultanah Fatimah, Malaysia

Purpose: Incidence of spinal epidural abscess is rare in 
neonates. It is higher in children under 2 years and those 
more than 12. Early signs and symptoms are nonspecific, 
usually manifest in neurological deficit. 
Materials and Methods & Results: A 10 month old adopted boy 
with no antenatal complications and born via spontaneous 
vaginal delivery, presented initially with fever and cough 
which then was treated as pneumonia. Subsequently came 
back after 2 months with shortness of breath, unable to sit 
without support and reduced movement over bilateral lower 
limbs. MRI was done and showed T4 to T8 spondylodiscitis 
with paravertebral enhancing collection causing cord 
compression and right mid and lower lobe lung consolidation. 
Patient was started on anti-TB and antibiotic for 6 weeks 
despite negative in all initial tuberculosis screening.However, 
lower limb weakness persisted and repeated MRI showed 
progression of paravertebral collection extending from T3 
to T9 with cord compression and oedema.Patient underwent 
spinal decompression with drainage and was put on body 
cast. HPE and biopsy was sent for investigation.
Results: Spinal epidural abscess usually is very rare in 
neonate without any history of spinal instrumentation. It’s 
usual main route is through hematogenous spread from 
primary site. Diagnosis are usually from clinical history and 
radiological finding. The aim of treatment is to eradicate the 
infection so that good recovery from neurological deficits 
and minimal spinal residual deformity.
Conclusions: Spinal epidural abscess can be treated with 
medical treatment. However surgical intervention may be 
required if there is spinal instability, worsening neurology or 
poor response with medical treatment.
Keywords: Paediatrics, Infection, Neonate
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Primary Dural Spinal Lymphoma: A Case Report

Zhung Shen Tiw

Hospital Pakar Sultanah Fatimah, Malaysia

Purpose: Primary spinal lymphomas are tumors with 
characteristic histopathology of a lymphoma, which 
are completely in the spinal epidural space without any 
other systemic involvement. It is rare form of extranodal 
lymphoma which constitutes 0.1-6.5 % of all lymphomas.
Materials and Methods: A 54 year-old lady presented with 
sudden onset of lower back pain for 2 weeks with bilateral 
lower limb weakness and urinary incontinence. Magnetic 
resonance imaging showed T10- T11 extradural soft tissue 
component with spinal canal extension causing nerve roots 
and cord compression with edema (Fig. 1, 2). Systemic work-
up was negative for nodal disease. Laminectomy at T9-T11 
was done. Histopathology examination showed high grade 
B cell lymphoma, most likely diffuse B cell lymphoma with 
activated B cell type. She was started with chemotherapy 
RCHOP regime and currently still on treatment.
Results: The evidence of spinal epidural lymphoma is 
rare and less than 5%. Patients epidemiologically is most 
commonly in the fifth to seventh decade of life with more 
than 80% being older than 40 years.Most of the cases 
involved midthoracic spine (69%) followed by the lumbar 
spine (27%) and the cervical spine (4%). Two stages of 
clinical presentation have been reported which is in the 
first prodromal phase, patient will experience local pain 
in the back and sometimes it is accompanied by radicular 
pain to legs and abdomen, and this pain usually persisted 
for several months to 1 year; then the other phase of spinal 
cord compression followed and, within 2 to 8 weeks, the 
rapidly developing signs of compression. Several studies 
had suggested that patients with features of spinal cord 
compression require to be treated with surgical intervention 
for the purpose of tissue diagnosis and decompression.
Conclusions: Diffuse B cell lymphoma of the spine is a 
rare case with good prognosis.Hence, early detection with 
immediate surgical intervention should be performed, 
followed by chemotherapy. It should be one of the 
differential diagnosis for patient with paraplegia.

Keywords: Lymphoma, Primary spinal dural lymphoma 
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Multiple Bone Bridging Patterns of Newly Designed 
Anterior Bone Bridging (Abb) Cage in Lumbar 
Interbody Arthrodesis

Jeongik Lee, Kwang-Sup Song

Department of Orthopedic Surgery, Chung-Ang University Hospital, Seoul, Korea

Purpose: To demonstrate the multiple bone bridging patterns 
between extra- and intra-cage area using newly designed 
anterior bone bridging (ABB) cages with 4 anterior holes.
Material and Methods: Prospectively, consecutive 97 patients 
with 120 surgical levels were enrolled from June 2015 to 
April 2017. The mean age of patients was 66.51 and the 
number of male and female was 27 and 70. The conventional 
TLIF surgery was performed. Half-mixed each 6cc of local 
autobone and artificial bone graft was performed on prepared 
disc space followed by inserting 2 ABB cages filled with 
autobone. The scores of bone bridging (graded from 0 to 2) 
were divided into the intra-cage graft bone bridging (InGBB), 
extra-cage graft bone bridging (ExGBB) and anterior bone 
bridging (ABB) through medial, lateral, superior and inferior 
holes at each cage. The fusion of the operation levels was 
defined as having grade 2 either InGBB or ExGBB. All 
bridging scores were evaluated in post-operative 1-year 
CT scan. The axis of all 3 planes at each operated segment 
were able to move according to a predetermined set using 
a computer workstation. Two spine surgeons evaluated all 
scores twice. 
Results: Intra-observer intra-class correlation (ICC) and 
inter-observer ICC were ranged from “moderate” to “good”. 
The average scores of InGBBs in right and left sides were 
1.43 and 1.48. In ExGBB, the average scores significantly 
higher in anterior of 1.43 compared to posterior of 1.14, 
intermediate of 1.06, right of 0.49 and left of 0.52. In ABB 
scores, average scores of medial holes in right and left cages 
(1.70/1.68) showed significant higher score than lateral 
(1.08/1.04), superior (1.30/1.26) and inferior (1.13/1.23) 
hole. Based on suggested fusion criteria, “Fusion” was 
82.5% and “Non-fusion” was 17.5%. The ODI improvement 
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was 17.41 in the fused group, significantly higher than 14.20 
in the non-fused group. 
Conclusions: ExGBB, which could be considered as a 
remodeling sign implicating stable fusion, showed that 
anterior ExGBB was the most frequent, followed by 
posterior. In the anterior bridging pa
Keywords: Fusion, Bone bridging, Cage, CT, ICC, Bone graft 

E04

Cerebrospinal Fluid-Cutaneous Fistula Associated 
with Post-Traumatic Charcot Spinal Arthropathy: A 
Case Report and Review of Literature

Ji Hyun Ryu, Ki-Won Kim

Department of Orthopedic Surgery, Yeouido St. Mary’s hospital, Catholic 
University of Korea, Seoul, Korea

Purpose: Charcot spinal arthropathy, also known as Charcot 
spine and neuropathic spinal arthropathy, is a progressive 
and destructive condition that affects the intervertebral disc 
and the adjacent vertebral bodies following the loss of spinal 
joint innervation. We report a first case of Charcot spinal 
arthropathy which was associated with a CSF cutaneous 
fistula.
Materials and Methods & Results: A 54-year-old male 
who underwent T10-L2 posterior instrumented spinal 
fusion 7 years ago for the treatment of T11 burst fracture 
and accompanying T11 complete paraplegia visited our 
department with leakage of clear fluid at his lower back. The 
patient had also undergone various types of skin graft and 
myocutaneous flap surgeries for the treatment of repetitive 
pressure sores around his lumbosacral areas. The patient 
presented with persistent cerebrospinal fluid (CSF) leakage 
from a cutaneous fistula (CSF-cutaneous fistula) formed 
in his lumbosacral pressure sore. The CSF-cutaneous 
fistula arose from the L5 post-traumatic CSA. Surgery was 
planned for the management of two conditions, one for CSF-
cutaneous fistula and the other for post-traumatic L5 CSA. 
We successfully treated the CSF-cutaneous fistula with 
ligation and transection of the dural sac and cauda equina 
at the L2-L3 level. The post-traumatic L5 CSA was also 
successfully treated with a posterior four-rod spinopelvic 

fixation from T9 to ilium and S2 foramina. After surgery, 
the CSF leakage stopped and no other adverse neurological 
changes were to be found. The four-rod spinopelvic construct 
was well maintained at postoperative 5 year. 
Conclusions: To our knowledge, our patient is the first 
reported case of CSF-cutaneous fistula associated with CSA. 
We successfully treated the CSF-cutaneous fistula with 
ligation and transection of the dural sac and cauda equina 
at the L2-L3 level and the post-traumatic L5 CSA with a 
posterior four-rod spinopelvic fixation. 
Keywords: Charcot spinal arthropathy, CSF-cutaneous fistula, 
spinal cord injury, Four-rod spinopelvic fixation 

E05

Post General Anesthesia Paraplegia: A Crippling 
Adversity

Esmat Syed Mohd, Wan Zainuddin Wan Ab Rahman, 
Zhung Shen Tiw

Hospital Pakar Sultanah Fatimah, Muar, Johor, Malaysia, Malaysia

Purpose: Paraplegia after general anesthesia is very rare and 
devastating complication. We report a case of a gentleman 
with acute paraplegia following emergency ligation of 
ruptured brachiocephalic fistula (BCF) under general 
anesthesia. 
Materials and Methods: A 57-year-old man presented to 
casualty with spontaneous bleeding over right BCF during 
sleep. His medical history was remarkable for end stage renal 
failure, hyperparathyroidism, and hepatitis B. Induction was 
uneventful and intubation was straight forward with minimal 
cervical manipulation. Blood pressure was generally normal 
except for transient hypotension intraoperatively. Blood 
loss was minimal and patient did not require transfusion. 
Post operatively, patient complained of bilateral lower limb 
weakness and sensation loss. Clinical examination revealed 
complete spinal cord injury (Frankel A) at the level of T11. 
MRI cervical showed severe multilevel disc degeneration 
from C3 to C7 causing spinal canal stenosis, cervical 
compressive myelopathy, and nerve root impingement 
with cord edema from C4 to C6. MRI thoracic spine was 
insignificant. Intravenous dexamethasone therapy was started 
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with no improvement. His condition deteriorated steadily due 
to pneumonia and finally succumbed to death 10 days after 
operation.
Results & Conclusions: Acute paraplegia following general 
anesthesia is a perplexing condition with guarded prognosis. 
Majority of reported cases are associated with mechanical 
injury, ischemia, or anesthetic technique. Improper 
positioning with overzealous cervical manipulation in patient 
with underlying cervical stenosis may lead to this condition. 
Comprehensive cervical assessment in high risk patients 
prior to intubation is imperative to avoid such calamitous 
complication. 
Keywords: Cervical, Myelopathy, General anesthesia, Spinal 
stenosis, Cervical manipulation 

E06

Visualization of Traumatic Intervertebral Disc 
Extrusion causing Spinal Cord Compression using 
Dynamic Magnetic Resonance Imaging

Gang-Un Kim, Seung-Ju Kim, Han-Jin Lee

Department of Orthopedic Surgery, Hanil General Hospital, Seoul, Korea

Purpose: We report a case of a trauma patient who confirmed 
acute intervertebral disc herniation and subsequent cervical 
spinal cord compression by the method of dynamic magnetic 
resonance image (MRI).
Materials and Methods: A 70-year-old woman was sent to 
our emergency room. Her main complaints were subjective 
weakness, paresthesia, and numbness of both upper and 
lower extremities, after striking her head to the ground while 
riding a bicycle. She had no acute traumatic brain lesion, and 
subsequent plain radiography and computed tomography 
(CT) of the cervical spine revealed no significant acute 
traumatic lesions or bony abnormality. Just ossification 
of posterior longitudinal ligament at the C5-6 level was 
identified. MRI showed only a subtle cord signal change in 
the C4-5 level but no significant spinal cord compression was 
seen. However, additional dynamic (neck extension) MRI 
confirmed acute central extrusion of intervertebral disc at the 
C3-4 and C4-5 levels accompanied by buckled ligamentum 
flavum, resulting in cord compression that were not visible in 

the previous conventional MRI. The patient underwent C3-
4-5-6 laminectomy, lateral mass screw fixation and posterior 
fusion.
Results: After surgery, her muscle weakness and paresthesia 
were gradually improved. After 6 months of surgery, the 
motor strength of both upper and lower extremities showed 
grade 5, but she still felt difficulty in the fine motor function 
such as using chopsticks.
Conclusions: The presence of acute traumatic disc herniation 
and subsequent spinal cord compression could be revealed by 
the method of Dynamic MRI of the cervical spine. In acute 
trauma patients with clinically suspected spinal cord injury, 
if no clear cord injury level is identified, dynamic MRI might 
be a useful evaluating method not only identify the exact 
lesion but also choose the appropriate surgical level.
Keywords: Spinal cord injury, Sciwora, Dynamic MRI 
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Spinal Shortening Osteotomy for Adult Tethered 
Cord Syndrome Evaluated by Intraoperative 
Ultrasonography

Koichiro Ide, Tomohiko Hasegawa, Yu Yamato,  
Go Yoshida, Tatsuya Yasuda, Tomohiro Banno,  
Hideyuki Arima, Shin Oe, Hiroki Ushirosako,  
Tomohiro Yamada, Yuh Watanabe, Hiroyuki Matsuyama

Department of Orthopaedic Surgery Hamamatsu University School of Medicine, 
Japan

Purpose: Spinal shortening osteotomy (SSO) reduces the 
tension indirectly in the spinal cord and minimizes perioperative 
complications. However, the most effective and safe length 
to which the spine can be shortened is still unknown. In our 
practice, we use somatosensory-evoked potentials, motor-
evoked potentials and intraoperative ultrasonography when 
performing SSO. This study aimed to introduce the clinical 
outcomes of our SSO technique for tethered cord syndrome 
(TCS) in adults.
Materials and Methods: This retrospective study included 
7 adult patients (2 males and 5 females) with TCS treated 
between December 2010 and December 2018. The average 
age and average preoperative duration were 40 and 5 years, 
respectively. All patients received SSO with somatosensory-
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evoked potentials ,  motor-evoked potentials ,  and 
ultrasonography. After surgery, all patients were followed for 
an average of 4 years.
Results: The average preoperative duration after the onset 
of symptoms was 5 (range 1.5-15) years. There were 4 
cases of lumbosacral intraspinal canal lipoma, 2 cases of 
meningocele, and 1 case without occupying lesions of the 
tethered spinal cord. Two patients had undergone surgery 
for mass during childhood (details unknown), and 2 patients 
had undergone detethering surgery. The mean operation time 
was 328 (range, 284-414) minutes for SSO. The mean blood 
loss was 828 ml (range, 501-1252 ml). Postoperative bony 
fusion was confirmed in all patients. CSF leakage occured 1 
patients. Other postoperative complications such as infection 
did not occur. Postoperative bony fusion was confirmed 
in all patients. Postoperative computed tomography (CT) 
demonstrated an average of 16 mm (11-20 mm) of spinal 
column shortening, compared to preoperative CT. Clinical 
improvements were obtained in all 7 cases, and there was no 
exacerbation case. Back pain occurred in 2 patients before 
surgery, and both cases were improved. Lower limb pain 
existed in preoperative 6 cases and was reduced or eliminated 
in all cases. Lower limb muscle weakness was found in 7 
cases, and improvement was observed in 6 cases. Bladder 
dysfunction was found in 6 cases, and 2 cases had improved 
urinary incontinence. One patient began to feel the urge to 
urinate, but still required clean intermittent catheterization. 
There was no improvement in the other 3 cases. There was 
no case of exacerbation. 
Conclusions: Spinal shortening should be done under 
somatosensory-evoked potentials, motor-evoked potentials, 
and intraoperative ultrasonography to obtain safe and 
sufficient shortening.
Keywords: Ultrasonography, Tethered cord syndrome, Spinal 
shortening osteotomy, Transcranial motor evoked potentials

E08

Exosomes Derived from Human Umbilical Cord-
Derived Mesenchymal Stem Cells Promote 
Angiogenesis and Enhance Bone Regeneration 
Loaded with Rhbmp-2 in the Nude Mouse Calvarial 
Defect Model

Hao-Zhen Lyu, Jae Hyup Lee*

Department of Orthopedic Surgery, Jilin Chemical Industry Hospital, Jilin City, 
Jilin Province, China 
*Department of Orthopaedic Surgery, Seoul National University College of 
Medicine, Seoul, Korea

Purpose: Vascularization is a crucial factor for bone formation. 
Recently, some studies have confirmed that Mesenchymal 
stem cells-derived exosomes can promote angiogenesis. Bone 
morphogenetic protein-2 (BMP-2) is used in the clinic to 
promote bone regeneration. However, the use of high dose 
rhBMP-2 will take some side effects. In this study, we obtain 
exosomes from human umbilical cord-derived mesenchymal 
stem cells (hUCBMSC), and loading exosomes alone or with 
rhBMP-2 on the collagen scaffold to evaluate whether the 
addition of exosomes enhances the osteogenesis of rhBMP-2.
Materials and Methods: We extruded exosomes were from 
human umbilical cord-derived mesenchymal stem cells 
(hUCBMSC). We loaded hUCBMSC-exosomes on the 
collatape scaffolds or loaded with rhBMP-2 to repair nude 
mouse calvarial critical-sized defects, and the efficacy of 
bone regeneration was evaluated by micro-CT analysis and 
histological analysis. We assessed the in vitro effects of 
hUCBMSC-Exos on the proliferation, migration of Human 
Umbilical Vein Endothelial Cells (HUVEC) and osteogenic 
differentiation of hUCBMSC and human osteoblast cell line 
(MC3T3).
Results: We found that there was no significant difference 
in bone regeneration between the exosomes loading group 
and the pure collatape scaffold group. However, the bone 
mass in the exosomes with the rhBMP-2 loading group was 
generated more than that in the rhBMP-2 loading group. 
(However, the bone mass in the exosomes with rhBMP-2 
loading group was generated more than that in the rhBMP-2 
loading alone.) The histological analysis showed that there 
were more vessels formed in the newly formed bone when 
exosomes loaded with rhBMP-2 than the rhBMP-2 loading 



Volume 27  •  Number  S1  •  August 2020

www.krspine.orgS98

alone, thereby enhancing the bone formation of rhBMP-2.
Conclusions: The application of combined exosomes and 
rhBMP-2 can enhance the osteogenic effect of rhBMP-2 
through the angiogenesis of exosomes; it can reduce the dose 
and side effects of rhBMP-2 and also achieve sufficient bone 
regeneration to healing bone defect.
Keywords: Bone regeneration, Angiogenesis, Bone morpho-
genetic protein-2, Exosomes, Mesenchymal stem cells 
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Lumbar Spinal Xanthoma – A Rare Tumour

Vishnu S.

Department of Orthopedic Surgery, Sunshine Hospital, Hyderabad, India 

Purpose: Xanthomas are non-neoplastic lesions often found 
in sub-cutaneous tissue. Primary Skeletal Xanthomas are 
rare. They are diagnosed incidentally and commonly present 
with pressure symptoms. Only four cases of spinal xanthoma 
have been reported in literature. We report of a rare case of 
solitary lumbar spinal xanthoma and its management.
Case Report: 47 year old male presented with pain and 
swelling in the lumbar region for 6 month duration with 
no associated radiculopathy or myelopathy. Clinical 
examination revealed a diffuse swelling over the postero-
lateral aspect of lower back. Swelling was tender on 
palpation. Radiologically, a lytic lesion involving the right L3 
hemi-vertebrae was seen in both X-Ray and CT. Extension 
of tumour into the para-vertebral region was seen in MRI. 
Blood investigations were within normal limits. There was a 
dilemma regarding the diagnosis and proceeded with a trans-
pedicular biopsy. Histo-pathological examination confirmed 
as Xanthoma. Tumour was approached retro-peritoneally 
through antero-lateral approach. Tumour was excised in 
piecemeal and antero-lateral stabilisation done with titanium 
MESH cage extending from L2 to L4. Patient was on routine 
follow up and at 5 months showed Scoliosis and was planned 
for posterior stabilisation to avoid further collapse. Now 
at one year follow up, patient is not having any functional 
limitation.
Conclusions: Skeletal xanthomas are rare expansive lytic 
lesions of the bone which mimic malignant bone tumours 

and other pathological conditions. HPE is confirmatory. 
Regular follow up is needed to watch for Xanthomatous 
degeneration of tumour and dyslipidaemia because it often 
co-exists with disorders of lipid metabolism.
Keywords: Xanthoma 

E10

A Rare Case of Aeromonas Spondylodiscitis with 
Secondary Spondylolisthesis in a Young Women

Vishnu Senthil Kumar

Sunshine Hospital, Hyderabad, India

Purpose: Aeromonas hydrophilia is a motile gram negative 
rod and non-sporeforming facultative anaerobic. Gastro-
intestinal system, skin and soft tissue represent the common 
sites of aeromonas infection. Aeromonas spondylodiscitis of 
spine is very rare and we describe such a case of aeromonas 
spondylodiscitis with secondary spondylolisthesis.
Materials and Methods: 35 year old female presented with 
low back pain associated with neurogenic claudication and 
bilateral radiculopathy for six months. Clinical examination 
showed a significant LIST, bilateral SLRT-50 deg with 
motor weakness and sensory paraesthesia in L4, L5 and S1 
dermatome. Bladder and bowel movements were normal. X 
ray showed lumbar scoliosis with lithesis at l4-l5 level. MRI 
showed multiple level disc dehydration with extrusion at 
L2-L3 level with canal stenosis from L2 to L5. Provisional 
diagnosis was TB. Patient was operated with fixation with 
pedicle screws from L2 to L5 with laminectomy and two 
level Transforaminal fusion with bone graft at L2-L3 and L4-
L5 level. The disc material sent for culture and sensitivity 
showed Aeromonas species sensitive to common antibiotics. 
The patient was started on Oral ciprofloxacin and Co-
trimoxazole for six weeks. Now patient at one year follow is 
symptom free.
Results: Jun seok et al in their case report had first described 
aeromonas epidural abscess following thoracic vertebroplasty. 
Gram negative gas forming spondylodiscitis is very rare 
and is commonly found in the soft tissues of limbs and 
abdomen. Aeromonas is mostly isolated in all environmental 
biosystems and can mimic TB discitis in developing 
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countries and causing a dilemma in diagnosis and delay in 
treatment.
Conclusions: We report a case of aeromonas spondylodiscitis 
which is rarely reported in English literature and to 
consider as a diagnosis of exclusion in treating infective 
spondylodicitis with early secondary spondylolisthesis.
Keywords: Aeromonas spondylodiscitis

E11

Selective Transforaminal Nerve Root Block in 
Lumbar Disc Prolapse with Radiculopathy

Vishnu Senthil Kumar

Sunshine Hospital, Hyderabad, India

Purpose: Low back pain contributes to 43% of patient visits 
to doctor. Radicular pain syndrome consist of constellation 
of clinical signs and symptoms secondary to dysfunction of 
nerve roots or dorsal ganglia.
Materials and Methods: To update and evaluate the effects of 
selective nerve root injections in treating lumbar spinal disc 
radiculopathies.
Results: Our results were consistent with various studies by 
Riew et al, Kraemer et al, Thomas et al, Vad et al. 
Conclusions: Transforaminal block is a valuable option in 
early stage lumbar radiculopathy. Aggressive rehabilitation 
program and life style modification in pain free window 
prevents recurrence. This procedure can’t replace surgical 
intervention but serve as cost effective treatment.

E12

The Fate of the Juxtafacet Cyst Following Indirect 
Decompression Using Oblique Lateral Interbody 
Fusion (OLIF) in Degenerative Spondylolisthesis 

Sam Yeol Chang, Jun Ho Kim, Sang-Min Park*, 
Ho-Joong Kim*, Bong-Soon Chang, Choon-Ki Lee†, 
Hyoung Min Kim 

Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, 
Korea 
*Department of Orthopedic Surgery, Seoul National University Bundang 
Hospital, Seongnam, Korea 
†Department of Orthopedic Surgery, Chamjoeun Hospital, Korea

Purpose: The objective of this study was to evaluate the 
morphological changes of the juxtafacet cyst and clinical 
outcome following indirect decompression using oblique 
lateral interbody fusion (OLIF) for the treatment of the 
degenerative spondylolisthesis (DS).
Materials and Methods: We prospectively enrolled DS patients 
with a juxta-facet cyst who are planned to undergo single 
level OLIF. Only patients with a facet cyst compromising the 
central canal area for more than 10% in the axial MRI were 
included. The changes in the cross-sectional area (CSA) of 
the spinal canal and the facet cyst were measured using axial 
MRI images taken within 1 week and at 1 year following 
OLIF. To identify the associated factors, multiple radiological 
parameters were measured using serial X-ray and MRI. 
Results: A total of 20 patients (male 10, female 10) with a 
mean age of 69.6 years old (range, 58-88), who had a DS at 
L4-5 (n=16), L3-4 (n=3) and L5-S1(n=1) were included in 
this study. Following a single level OLIF, MRI within 1 week 
after operation showed a significant increase in the CSA of 
central spinal canal (103.8 mm² to 118.2 mm², p=0.027), 
and facet cysts were completely resolved in 15/20 (75.0%) 
patients and decreased in size for 5/20 (25.0%) patients. 
These changes were accompanied by the reduction of DS 
in X-ray (average reduction rate= 83.8%) and the widening 
of the facet joint space in axial MRI (from 1.73 mm to 2.73 
mm, p=0.036). At postoperative 1 year, CSA of central canal 
was further significantly increased to 141.7 mm² (p=0.005), 
and no patients had a remnant facet cyst in the MRI. 
Conclusions: In this prospective study, DS patients with 
a facet cyst were successfully managed by the indirect 
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decompression using OLIF. OLIF can be a useful surgical 
option for a facet cyst with dynamic instability.
Keywords: Indirect decompression, oblique lateral interbody 
fusion, juxtafacet cyst 

E13

Kambin’s Triangle-discovering its Importance:  
A Cadaveric Study

Vishal Kumar, Sachin Pargond

ostgraduate Institute of Medical Education & Research, India

Purpose: Radiating pain due to lumbar spinal stenosis is 
a common complaint and it may be due to degenerative 
changes or thickening of ligaments around joints. The area 
of Kambin’s triangle is a strategic site of posterolateral, 
minimally invasive access to the nerve root for delivery 
of epidural steroid injections. It provides a safe window to 
transforaminal posterolateral approach and is an effective 
approach with reduced complications and very scarce and 
meagre data regarding cadaveric study for measurement 
ofits dimensions exist in literature till date. We tried to 
characterise the area of the triangle and to observe for any 
structure in close proximity to the triangle.
Materials and Methods: Four cadavers were dissected and 
exposed to take the measurements of thirty two Kambin’s 
triangle. Adult Cadavers with age range from 50-80 years 
were randomly chosen and dissected in the department 
of Anatomy, PGIMER, Chandigarh. Cadavers with gross 
vertebral abnormality were excluded from the study. For 
it, the psoas major was dissected in piecemeal and lumbar 
plexus was exposed on both the sides. The nerve roots were 
identified and the height and width of the exposed triangle 
was measured.The area of the triangle was calculated by the 
geometric formula: area =0.5 (base x height).
Results: The external vertebral venous plexus was seen in 
close proximity anteriorly and Dorsal rami was closely 
related ventrallyin all the cases.
Conclusions: Approximate area for percutaneous transforaminal 
approach can be kept in mind and since the dorsal rami is in 
close proximity to triangle, appropriate and due care has to be 
taken. The external vertebral venous plexus is closely related 

anteriorly and injury to it may cause difficult to control 
haemorrhage.
Keywords: Kambin’s triangle, Significance, Cadaveric study 

E14

Prognosticating Acute Traumatic Spinal Cord Injury 
–Use of NSE and S100b Markers in Surgically 
Treated Patients

Vishal Kumar

Postgraduate Institute of Medical Education & Research

Purpose: High incidence of traumatic spinal cord injury, 
no available objective parameter to predict recovery and 
outcomes, prioritisation of resources according to expected 
outcome (similar to triage), scarce and scanty published 
literature on the use and significance of biomarkers incepted 
the idea of this study. To determine whether levels of these 
markers at time of presentation can be marker associated 
with severity of injury, to document the trends of association 
of these markers in operated patients and to predict the 
chances of neural recovery, if any, constituted the main 
purpose of this study.
Materials and Methods: All patients who presented to our 
level I advanced trauma centre on a particular admission day 
with confirmed vertebral fracture on X-rays/ CT scans with 
neural deficit were included in the study. All of the patients 
were treated according to a structured trauma management 
protocol that included primary and secondary surveys. 
Serum samples were obtained at the time of presentation 
and analysed using the Electrochemiluminiscence assay. 
Subsequent levels at immediate post surgery and subsequently 
at 6 weeks were analysed subsequently.
Results: There was significant improvement of patients 
with ASIA A at six months of follow up. Biomarkers (NSE 
& S100b): The mean level of NSE & S100b was found 
to be 15.6±8.6 g/ml and 15.1±3.4 ng/ml at presentation 
respectively. Patients with severe injury (ASIA A) had higher 
levels of NSE and S100b at presentation when compared to 
patients with less severe injury
Conclusions: The serum levels of NSE and S100b were high 
in patients with severe spinal cord injury and it gradually 
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decreased at six weeks post operative follow ups. The levels 
of NSE and S100b correlated with severity of spinal cord 
injury and on subsequent clinical follow up of six months, 
we found that patients who recovered well had lower serum 
levels of NSE and S100b as compared to patients who had 
poor recovery.
Keywords: Traumatic, NSE, S100b, Spinal cord, Neural 
markers 
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The Significance of Indirect Decompression on 
Adjacent Segment Degeneration: Comparison 
of Oblique Lateral (OLIF) and Posterior (PLIF) 
Lumbar Interbody Fusion 

Jun Ho Kim, Yeon Ho Kim, Hyoung Min Kim,  
Sam Yeol Chang, Choon-Ki Lee*, Bong-Soon Chang 

Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, 
Korea 
*Department of Orthopedic Surgery, Chamjoeun Hospital, Korea

Purpose: Oblique lateral interbody fusion (OLIF) avoids 
direct manipulation of posterior lumbar structures and 
preserves paraspinal musculatures. There were assumptions 
connecting less invasiveness of OLIF with possible 
decrement of adjacent segment degeneration (ASD), but 
actual study hadn’t been done. The purpose of this study is 
to compare the ASD rates between indirect decompression 
(OLIF) and direct decompression (posterior lumbar interbody 
fusion, PLIF).
Materials and Methods: We retrospectively reviewed patients 
who had received either OLIF or PLIF between January 
2014 and December 2016 in a single institution. Exclusion 
criteria consist of revision surgery, decompression surgery 
of adjacent level, 3 or more levels of fusion, unavailability 
of follow-up x-ray at least 24 months from the surgery. ASD 
was determined radiographically, if it meets one or more of 
three criteria: (1) disc space narrowing of more than 20% of 
initial x-ray, (2) UCLA classification of ASD, (3) more than 
4mm translation or more than 10 degrees angular change 
on flexion/extension view. The difference in the rate of 
ASD between the two surgical groups were compared via 
crosstab analysis and Kaplan-Meier survival curve analysis. 

Univariate and multivariate Cox regression analysis was also 
performed to identify factors associated with the occurrence 
of ASD. 
Results: Total 184 patients were selected for the study, 41 
in OLIF group (14 males and 27 females), and 143 in PLIF 
group (51 males and 92 females). Average age at operation 
was 63.5 for OLIF group and 65.0 for PLIF group. ASD was 
identified in 4 of 41 (9.8%) and 38 of 143 (26.6%) patients 
for OLIF and PLIF group respectively (p=0.033 Fisher’s 
exact test). Kaplan-Meier survival curve analysis with a log-
rank test showed a lower ASD rate of OLIF group, although 
not statistically significant (p=0.066). In the multivariate 
Cox regression analysis, only the number of fusion level was 
significantly associated with the occurrence of ASD. 
Conclusions: The patients who underwent OLIF tend to have 
lower incidence of ASD than PLIF patients.
Keywords: ASD, OLIF, PLIF 
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Paraspinal Ancient Schwannoma of the Dorsal 
Ramus Nerve: A Case Report

Dae-Geun Kim

Department of Orthopedic Surgery, Soonchunhyang University Gumi Hospital, 
Gumi, Korea

Purpose: To report a case of paraspinal ancient schwannoma 
located at the upper thoracic level that mimicked an atypical 
lipoma or complicated epidermoid cyst.
Materials and Methods: A 39-year-old man complained of 
a growing palpable back mass for 5 years. He experienced 
aggravated chronic discomfort around the mass while lying 
down. Both T1- and T2- weighted magnetic resonance 
imaging showed a well- capsuled and heterogeneous high-
signal mass in the muscle layer at the level from the T1 to T4 
vertebral bodies on the right side of the midline. The tumor 
was completely removed by en bloc resection.
Results: The pathologic examination revealed S-100 protein 
expression with degenerative changes. The lesion was 
diagnosed as an ancient schwannoma.
Conclusions: Schwannoma is one among the multiple 
possible causes of benign back masses. If a mass reveals a 
well-encapsulated heterogeneous mass on contrast MRI, a 
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schwannoma should be suspected. 
Keywords: Schwannoma, Back muscle 
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Thoracic Vertebral Fracture Due to Spinal 
Tuberculosis Which was Misdiagnosed as Metastatic 
Cancer: A Case Report

Dae-Geun Kim

Department of Orthopedic Surgery, Soonchunhyang University Gumi Hospital, 
Gumi, Korea

Purpose: To report the case of a patient whose preoperative 
imaging results seemed to show metastatic spine tumor but 
who actually had a vertebral pathologic fracture caused by 
spine tuberculosis.

Materials and Methods: Imaging studies were performed 
in a 79-year-old female with progressive lower extremity 
weakness. We found a T12 pathologic vertebral fracture, 
which was suspected to be metastatic cancer.
Results: We performed surgery and found spine tuberculosis 
in the pathological and immunological examinations. Two 
weeks postoperatively, the patient could walk with crutches 
and underwent anti-tuberculosis therapy.
Conclusions: Even when the results of imaging studies predict 
spinal metastasis, we should keep in mind the possibility of 
spinal tuberculosis. 
Keywords: Pathologic fracture, Neoplasm metastasis, 
Tuberculosis, Decompression 


