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Considerations in Parkinson’s Disease Patients  9
Jae Hyuk Yang, Sung Chul Park, Yoon Jin Nam, Seung Woo Suh

Asian Spine Society Presidential Session  

Lateral Mass Screw Insertion: Surgical Technique 10
Zamzuri Zakaria

Atlanto-axial Instability 10
Bimal Kumar Pandey
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Surgical Management in Diffuse Idiopathic Skeletal Hyperostosis (DISH) 
the Cervical Spine 10

Torphong Bunmaprasert

MIS in Metastatic Spine Disease 10
Ronald P. Tangente

Tumors of the Spine in Indonesia: Current and Future Development 10
Andhika Yudistira

Degenerative Scoliosis Treatment Using Extreme Lateral Lumbar 
Interbody Fusion 11

Dinh Ngoc Son

Plenary Lecture I  

Sagittal Balance vs Sagittal Alignment: The Best Way for Sagittal 
Contour Assessment 11

Pierre Roussouly

How Using Sagittal Alignment to Explain PJK Mechanism 11
Pierre Roussouly

Invited Lecture III

Post-operative Dysphagia 11
Kam Kwong Wong

Free Paper: Lumbar II

S013   The Change of Segmental Spinopelvic Sagittal Parameters after 
Total Hip Arthroplasty 11

Young-Bae Kim, Gyu-Bok Kang, Jung-Taek Im, Yeong-Yoon Koh

S014   The Effect of Spinopelvic Parameters on Anterior Bone Graft 
Subsidence in Surgical Treatment of Pyogenic Lumbar 
Spondylodiscitis 12

Meng-Huang Wu, Yu-Kai Kuo, Jui-Chen Hsu, Yen-Kuang Lin,  
Ching-Yu Lee, Young-Hoon Kim, Tsung-Jen Huang, Kee-Yong Ha

S015   Comparison of Complications and Sagittal Segmental Fusion Angle 
at Primary Instrumented Lumbar Fusion According to Pedicle 
Screw Handling Type in Patients Who Underwent Revision Surgery 
 12

Jin-Hyung Kim, Byung-Joon Shin, Jae-Chul Lee,  
Sung-Woo Choi, Hae-Dong Jang, Joong-Suk Cha

S016   A new Approach to Revision Surgery in an Instrumented 
Thoracolumbar Spine: A Feasibility Study of 33 Cases 13

Vijay H. D. Kamath

Free Paper: Lumbar III

S017   Feasibility and Safety of a CaO-SiO2-P2O5-B2O3 Bioactive 
Glass Ceramic Spacer in Posterior Lumbar Interbody Fusion: A 
Prospective Randomized Controlled Trial 14

Sang-Min Park, Byung-Taek Kwon, Ho-Joong Kim, Jin S. Yeom

S018   Clinical Results According to Muscle Volume in Patients with 
Acute Osteoporotic Lumbar Compression Fracture 14

Yeong-Tae Kim, Tae-Kyun Kim, Dae-Jin Nam

S019   L5/S1 Mild to Moderate Foraminal Stenosis and Clinical Outcome 
after L4/5 Lumbar Fusion Surgery 15

Hyung-Rae Lee, Jae-Hwan Cho

S020   Changes and Affecting Factors of Sagittal Alignment after 
Decompressive Laminectomy for Lumbar Spinal Stenosis: 
Analysis Using the EOS Imaging System 16

Hyung-Youl Park, Jun-Seok Lee, Ki-Won Kim, Ji-Hyun Ryu

Free Paper: Lumbar IV

S021   What is the Real Culprit of a Postoperative Spinal Epidural 
Hematoma in a Hypertension Patient? 16

Dong-Ki Ahn, Young-Rok Ko, San Kim, Jung-Jong Seo

S022   Lateral Lumbar Interbody Fusion (LLIF) and Percutaneous Screw 
Fixation Showed Lower Incidence of Radiological Adjacent 
Segment Pathology (ASP) than Posterior Lumbar Interbody 
Fusion (PLIF) and Open Pedicle Screw Fixation 17

Jae Chul Lee, Hak-Soo Kim, Jin-Hyung Kim, 
Byung-Joon Shin, Sung-Woo Choi, Hae-Dong Jang

S023   Midterm Outcomes of Muscle-Preserving Posterior Lumbar 
Decompression via Sagittal Splitting of the Spinous Process: 
Minimum 5-Year Follow-up 18

Hee-Jung Son, Hyoung-Min Kim, Bong-Soon Chang, 
Sam-Yeo Chang, Hwan-Seong Park

S024   Validation of Digital-Online Based Clinical Questionnaire in the 
Lumbar Spine 18

Jae-Hyuk Shin, Kee-Won Rhyu, Eun-Jeong Min, Kwan-Soo Lee

Best Paper Candidates Presentation I 
(Domestic)

S049   Cranio-Caudal Asymmetries in Trabecular Architecture: 
Cadaveric and Clinical Study 19

Young-Hun Lee, Dong-Eun Shin, Soon-Chul Lee

S050   Intelligent Evaluation of Global Spinal Alignment by a Decentralized 
Convolutional Neural Network 20

Sung-Hoon Choi, Thong Phi Nguyen, Ji-Won Jung, 
Yong-Jin Yoo, Chang-Nam Kang, Jong-Hun Yoon

S051   “Sit-to-Stand” Functional Mobility Test Can Predict Proximal 
Junctional Kyphosis after Surgery for Adult Spinal Deformity 20

Oh-Sang Kwon, Ho-Joong Kim, Dae-Woong Ham, Sang-Hoon Lee



S052   Re-operation Rate of Vertebroplasty/ Kyphoplasty According to 
Osteoporosis Drugs Used after Vertebroplasty/ Kyphoplasty in 
Vertebral Fracture from Nationwide Health Insurance Database  
 21

Sub-Ri Park, Ji-Won Kwon, Seoung-Hwan Moon,  
Hak-Sun Kim, Byung-Ho Lee, Kyung-Soo Suk, Jin-Oh Park,  
Sang-Jun Park,  Joong-Won Ha, Yung Park, Jae-Won Shin

Best Paper Candidates Presentation II 
(Domestic)

S053   Surgical Strategy-Oriented Classification for the Patients with 
Severe Dynamic Sagittal Imbalance 22

Sung-Min Kim, Yong-Chan Kim, Ki-Tack Kim, Kee-Yong Ha,  
Qiang Luo, Xiongjie Li, Kyeong-Uk Min, Jun-Bum Park, Young-Jik Lee

S054   The Role of Wnt Signaling and Homeostasis of Extracellular 
Matrix in the Intervertebral Disc Cells 22

Jae-Won Shin, Hak-Sun Kim, Sang-Jun Park, Sun-Kyu Kim,  
Young-Mi Kang, Gun-bo Park, Ji-Won Kwon, Yung Park, Quen He

S055   Defect-specific 3D Printed CDHA Scaffold Hardening in an 
Aqueous Solution at Physiological Equivalent Temperature for 
Bone Restoration 23

HaoZhen Lyu, Quanzhe Liu, Bin Xu, Minjun Cho, Jae Hyup Lee

S056   Double Dome Laminoplasty: A Novel Technique for C2 
Decompression 23

Jong-Min Baik, Dong-Ho Lee

Best Paper Candidates Presentation III 
(Domestic)

S057   Time-dependent Changes in Stiffness-related Functional Disability 
(SRFD) after Long Segmental Fusion in Elderly Patients with Adult 
Spinal Deformity: Minimum 2-year Follow-up Results 24

Jin-Sung Park, Se-Jun Park, Chung-Youb Jeon, 
Chang-Hyun Ma, Tae-Soo Shin

S058   Comparative Experimental Study on Changes in Serum Bone 
Turnover Markers and Bone Mineralized Density According to 
Osteoporosis Drugs after Bony Manipulation in Rabbit Model 25

Ji-Won Kwon, Yung Park, Jae-Won Shin, Sang-Jun Park, 
Sa-Hyun Sung, Soo-Bin Lee, Joong-Won Ha, Kyung-Soo Suk,  

Hak-Sun Kim, Seong-Hwan Moon, Byung-Ho Lee

S059   Significance of Paraspinal Sarcopenia Between Single and 
Multiple Osteoporotic Vertebral Fractures: Comparative Analysis 
for Paraspinal Muscle Quality 25

Hong-Jin Kim, Dong-Gune Chang, Jin-Hyok Kim, Se-Il Suk,  
Yun-Jin Nam, Jae-Hyuk Yang, Seung-Woo Suh

S060   Underweight as a Risk Factor for Vertebral Fractures in the South 
Korean Population 26

Ji-Won Park, Jae-Young Hong

Best Paper Candidates Presentation IV 
(International)

S061   The Validation Study of Preoperative Planning (Roussouly 
Algorithm, GAP Score, and Hamamatsu Formula) in Adult Spinal 
Deformity Surgery 27

Shin Oe, Yu Yamato, Tomohiko Hasegawa, Go Yoshida, 
Tomohiro Banno, Hideyuki Arima, Yuki Mihara, Koichiro Ide,  

Yuh Watanabe, Kenta Kurosu, Keiichi Nakai, Yukihiro Matsuyama

S062   Combination of Poly-Vinyl Alcohol and Chitosan Material as the 
Promising Spinal Scaffolding Material: Biomaterial and Biological 
Evaluation 27

Yudha Mathan Sakti, Rusdy Ghazali Malueka,  
Akbar Mafaza, Zikrina Abyanti Lanodiyu,  

Deas Makalingga Emiri, Axel Brahmantyo Maynardo Nugroho

S063   Postoperative Single-shot Epidural Fentanyl and Bupivacaine 
for Postoperative Analgesia after Lumbar Decompression: A 
Prospective, Double-blind Randomized Study 28

Miguel Rafael David Ramos

S064   Retrospective Matched Comparative Analysis of Non-Fusion 
Anterior Scoliois Correction vs Posterior Spinal Fusion for Lenke 5 
Curves: A Single Surgeon Experience 29

Keyur Kantilal Akbari, Umesh P. Kanade,  
Vighneshwara Badikillaya, Appaji Krishnan, Sajan K. Hegde

Best Paper Candidates Presentation V 
(International)

S065   Simultaneous Overcorrection of Lowest Instrumented Vertebral 
Tilt and Main Thoracic Curve is Related to Progression of Unfused 
Residual Lumbar Curve after Posterior Fusion in Adolescent 
Idiopathic Scoliosis 29

I-Hsin Chen

S066   Effect of Non-Fusion Anterior Scoliosis Correction (NFASC) on 
Thoracic and Lumbar Sagittal Parameters in Adolescent Idiopathic 
Scoliosis (AIS) Patients? Is It Detrimental? 30

Umesh P. Kanade, Keyur Kantilal Akbari, Sajan K. Hegde

S067   Secondary Dysphagia Associated with Diffuse Idiopathic Skeletal 
Hyperostosis (DISH): Current Concepts and a Proposed 
Algorithm 30

Wongthawat Liawrungrueang, Waroon Tantivorawit, 
Titinat Maihom, Nantawit Sugandhavesa, Torphong Bunmaprasert

S068   Retrospective Comparative Cohort Study of Expandable 
Titanium Cage versus Non-Expandable PEEK Cage in Lumbar 
Transforaminal Interbody Fusion 31

Chun Man Ma, Siu Man Leung, Cho Yau Lo



Best Paper Candidates Presentation VI 
(International)

S069   Effect of Individual and Neighbourhood Socioeconomic Indicators 
on Length of Stay in Transforaminal Lumbar Interbody Fusion 
(TLIF): A Propensity Score Matched Retrospective Analysis 32

Jessica Thor, Ramkumar Mohan, Zhihong Chew,  
Kevin Wong, Andrew Guan, Andy Yeo, Terry Teo,  

Wee Lim Loo, Dinesh Shree Kumar

S070   Instrumentation in Children Aged up to 5 Years with Spinal 
Tuberculosis 32

Rajesh Kumar Chaudhary, Ram Krishna Barakoti,  
Babu Kaji Shrestha, Ashok Kumar Banskota

S071   A Review of Open Spinal Biopsy for Thoracolumbar Spinal 
Infection and Tumor: A Single Centre Experience 33

Chee Seiang Wang, Zulkefli Atan, Manoharan Krishnan

S072   Lumbar Spinal Full-Endoscopic Surgery: Results and Experiences 
from 101 First Cases at Saint Paul General Hospital in Hanoi, 
Vietnam 34

Quang Minh Luong

Invited Lecture V

Complex, Cervical Intradural Dumbell Tumour Excision - Tips and Tricks  
  34

Dinesh Shree Kumar

Plenary Lecture II  

Idiopathic Epidural Lipomatosis Causing Lumbar Spinal Stenosis; Non-
negligible Pathological Condition in the Elderly 34

Morio Matsumoto

Basic and Clinical Researches for Future Treatment of Adolescent 
Idiopathic Scoliosis 34

Morio Matsumoto

Symposium Lumbar 
Combined Disease-specific Consideration 
in Treatment for Lumbar Spinal Disorders

Liver Disease 35
In-Seok Son, Min-Seok Kang, Suk-Ha Lee

Renal Disease 35
Sa-Hyun Sung

Specific Considerations in the Treatment for Lumbar Spinal Disorders 
with Ischemic Heart disease 36

Myung-Geun Song, Sang-Youn Song, Dong-Hee Kim

Rheumatoid Arthritis in Spine Surgery 37
Chang Hwa Hong

Symposium Lumbar 
Debate: Smart Systems (AI or Robotics etc) 
Could Replace Spinal Surgeon?

Statement “For” 37
Sang-Bum Kim

Statement “Against” 38
Young-Bae Kim

Free Paper: Lumbar V

S073   Signs of Transforaminal Endoscopic End-point Decompression: 
Objective and Subjective Evaluation to Prevent Failures 38

Ajay Krishnan, Nandan Marathe, Bharat Dave, Vatsal Parmar

S074   Comparison of Surgical Outcomes after Posterior Lumbar 
Interbody Fusion Using 3D-printed Porous Titanium Cages and 
Polyetheretherketone (PEEK) Cages 39

Jae-Jun Yang, Se-Han Park, Ho Jun Kim

S075   The Effect of Preoperative Acupuncture and Epidural Steroid 
Injection on Postoperative Infection after Lumbar Spinal Surgery  
 40

Sa-Hyun Sung, Byung-Ho Lee

S076   Comparison of Three Methods of Instrumentation in the Surgical 
Management of Unstable Thoracolumbar Fracture 40

Hyun-Kyu Shin, Ki-Tae Park

Free Paper: Lumbar VI

S077   Analysis of the Objectivity of ODI in Evaluating Prognosis of 
Patient Who Had Spinal Surgery 41

Chang-Hwa Hong, Sung Hwan Kim, Sung-Jun Yoon

S078   Comparison of the Effects of Corticosteroid and Hyaluronic Acid-
Carboxylmethylcellulose (HACMC) Solution on Selective Nerve 
Root Block (SNRB) for Lumbar Radiculopathy: A Prospective, 
Double-Blind, Randomized Controlled Clinical Trial 41

Hee-Chan Kim, Sang-Bong Ko, Chung-Mu Jun, Kyung-Tae Kim

S079   Paraspinal Muscles Measurement in Different Epidemiologic 
Studies Using Various Methods for Association of Lumbar 
Diseases: A Systematic Review 42

Sang-Youn Song, Dong-Hee Kim, Ji-Won Jeong, 
Myung-Geun Song, Min-Seok Seo

S080   Central Stenosis in Isthmic Lumbar Spondylolisthesis 42
Eun-Seok Son, Hyuk-Joon Sohn



Free Paper: Deformity I

S025   The Utility of High-Density Pedicle Screw Construct with Direct 
Vertebral Derotation of the Lowest Instrumented Vertebra in 
Selective Thoracic Fusion for Adolescent Idiopathic Scoliosis: 
Comparison of Two Different Surgical Strategies 43

Sam-Yeol Chang, Hyoung-Min Kim, Bong-Soon Chang, 
Choon-Ki Lee, Su-Jung Mok

S027   Changes in Sagittal Spino-pelvic Parameters and Hip Subluxation 
after Surgery for Non Ambulatory NM Scoliosis 43

Sun-Kyu Kim, Hak-Sun Kim

S028   Shoulder Balance Outcome Analysis in Posterior Correction for 
Patients with Adolescent Idiopathic Scoliosis: C7 Tilt Angle as a 
Surrogate Parameter for Postoperative Shoulder Balance and Its 
Clinical Implications for Upper Instrumented Vertebra Level Sele  
 44

Jui-Yo Hsu, Chih-Wei Chen, Ming-Hsiao Hu,  
Po-LiangLai, Shu-Hua Yang

Free Paper: Deformity II

S029   Long-term Influence of Paraspinal Muscle Quantity in Adolescent 
Idiopathic Scoliosis Following Deformity Correction by Posterior 
Approach 45

Hong Jin Kim, Dong-Gune Chang, Jin-Hyok Kim, 
Se-Il Suk, Yun-Jin Nam, Jae-Hyuk Yang, Seung-Woo Suh

S030   Effect of Posterior Crack Osteotomies on Coronal and Sagittal 
Balance in Fused Scoliosis Deformity Caused by Previous 
Surgery: Mid-term Results 45

Yun-Jin Nam, Jae-Hyuk Yang, Mi-Hyun Song, 
Ji Won Park, Hong-Jin Kim, Dong-Gune Chang, 

Jae-Young Hong, Seung-Woo Suh

S031   Assessment of Sarcopenia in Young Patients with Neuromuscular 
Disease and the Association with Scoliosis or Ambulatory 
Function 46

Kun-Bo Park, Yong-June Suk, Mi-Jung Lee

S032   Early Scoliosis Treatment Results and Pitfalls Using of Magnetic 
Controlled Growing Rods (MCGR) 46

Hak-Sun Kim, Ja-Young Yoon, Jae-Won Shin, 
Kyoung-Soo Suk, Sang-Jun Park

Free Paper: Deformity III

S033   Sarcopenia as a Risk Factor of Proximal Junctional Kyphosis 
and Proximal Junctional Failure Following Adult Spinal Deformity 
Surgery 47

Jin-Seong Park, Kyu-Jung Cho

S034   Impacts of Additional Rod Technique on Rod Fracture in Adult 
Spinal Deformity Surgery: Analysis of Two Hundred Thirty-nine 
Patients 48

Cheol-Hyun Jung, Jong-Jun Park, Jung-Hee Lee, Ki-Young Lee

S035   The Effect of Preoperative Spinopelvic Compensation States 
on Patient-Reported Outcome (PRO) of Adult Spinal Deformity 
Surgery: Using Three-Dimensional Motion Analysis Results 48

Dae-Woong Ham, Ho-Joong Kim, Oh-Sang Kwon

S036   Radiological Outcome after a Modified Anterior Column 
Realignment in Oblique Lateral Interbody Fusion 49

Chang-Hoon Jeon, Nam-Su Chung, Han-Dong Lee, 
Hee-Woong Chung, Ki-Hoon Park, Jong-Min Jeon

Invited Lecture II

Novel, Safe, and Easy Spinal Osteotomy for Regional Kyphotic 
Deformities 49

Cheng Hung Lee

Symposium: MIS  
MIS Technique in Revision Surgery

Uniportal Endoscopic Application in Revision Surgery 50
Myung Soo Youn, Young Ha Woo

Application with Biportal Endoscope in Revision Surgery 50
Ju-Eun Kim

MIS Technique in Revision Surgery: Application with Tubular Retractor  
  51

Seung-Pyo Suh

MIS Technique in Revision Surgery: Application with Anterior 
Technique 51

Jin-Sung Park

Symposium: MIS  
Technical Tips of MIS Fusion Surgery

Using Endoscopy 52
Hyun-Jin Park

Using Tubular Retractor 53
Ki-Hyoung Koo

Using LLIF Technique 53
Jae-Young Hong



Symposium: MIS  
Current Issues of MIS Surgery

Decompression-only for Lumbar Degenerative Spondylolisthesis 54
Dae-Jung Choi

Cervical Biportal Endoscopic Surgery 55
Seok-Bong Jung

Thoracolumbar Fracture (Percutaneous posterior fixation vs Conventional 
Fusion) 55

Eun-Min Seo

Osteoporotic Vertebral Compression Fracture: Kyphoplasty vs 
Vertebroplasty 56

Ki-Youn Kwon

Invited Lecture IV

Cervical Spondylotic Myelopathy What Really Matters? 57
Shankar Acharya

Free Paper: MIS I
S037   Wharton’s Jelly Allogeneic Stem Cells as A Promising Therapy In 

Post-Traumatic Spinal Cord Injury Complete Type: A Case Series  
 57

Yudha Mathan Sakti, Muhammad Riyad Filza

S038   Causes of Early Symptomatic Recurrence after L5-S1 Foraminal 
Decompression 57

Dae-Jung Choi

S039   Advantage of Single-Position Oblique Lumbar Interbody Fusion 
with Percutaneous Pedicle Screw Instrumentation 58

Min-Gu Jang, Dae-Young Kim

S040   Vascular Injuries during Minimally Invasive Oblique Lumbar 
Interbody Fusion at L5-S1 59

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

Free Paper:MIS II

S041   Percutaneous Full-Endoscopic versus Biportal Endoscopic 
Posterior Cervical Foraminotomy for Unilateral Cervical Foraminal 
Disc Disease 59

Hyun-Jin Park, Min-Seok Kang, Ki-Han You

S042   Biportal Endoscopic versus Microscopic Discectomy for Lumbar 
Herniated Disc: A Randomized Controlled Trial 60

Sang-Min Park, Ho-Jin Lee, Ho-Joong Kim, Jin S. Yeom

S043   Biportal Endoscopic Lumbar Foraminal Decompression for 
Lumbar Foraminal Stenosis and Foraminal Disc Herniation 61

Asrafi Rizki Gatam

S044   Comparison of Reoperation Rates Between Biportal Endoscopic 
and Microscopic Lumbar Discectomy 61

Si Young Park

Free Paper:MIS III

S045   Unilateral Biportal Endoscopic Thoracic Discectomy 61
Seung-Hyun Choi, Sang-Kyu Son, Weon-Wook Park

S046   Unilateral Biportal Endoscopic Lumbar Interbody Fusion: A 
Technical Note and an Outcome Comparison with the Conventional 
Minimally Invasive Fusion 62

Asrafi Rizki Gatam

S047   Robotic Idiopathic Scoliosis Surgery: Comparative Analysis of 
Minimal Invasive vs. Open Surgery 62 

Phedy Lim, Luthfi Gatam, Harmantya Mahadhipta, 
Syafrudin Husin, Asrafi Rizki Gatam

S048   Clinical Efficacy of Endoscopic Biportal Spine Surgery in Patients 
with Cervical Diseases 63

Seok-Bong Jung

Free Paper: Cervical I

S081   Is blood Loss Greater in Elderly Patients Under Antiplatelet or 
Anticoagulant Medication for Cervical Spine Injury Surgery? 
Japanese Multicenter Study (JASA) 63

Masashi Uehara, Shota Ikegami

S082   Modified Kappa-line Correlates Better with Neurological 
Outcomes than Modified K-line after Laminoplasty for Cervical 
Myelopathy Caused by Ossification of the Posterior Longitudinal 
Ligament 64

Hyung-Rae Lee, Dong-Ho Lee

S083   The Medial Window Technique as a Salvage Method to Insert 
C2 Pedicle Screw in the Case of a High Riding Vertebral Artery or 
Narrow Pedicle: A Technical Note and Case Series 65

Sehan Park, Dong-Ho Lee, Choon Sung Lee, 
Chang-Ju Hwang, Jae Hwan Cho, Jae Jun Yang

S084   Does the Use of SONOPET Ultrasonic Aspirator Decrease 
the Complication Rate of Laminectomy in Cervical Melopathy 
Patients? 65

Ayush Sharma

Free Paper: Cervical II

S085   Spontaneous Cervical Spinal Epidural Haematoma–An Insidious 
Stroke Mimic 66

Beatrice Tan, Terry Teo, Wee Lim Loo, Shree Kumar Dinesh

S086   Treatment Strategy for Lateral Atlantoaxial Osteoarthritis 66
Hee Jung Son, Hyoung-Min Kim, Bong-Soon Chang, 

Sam-Yeol Chang, Hwan-Seong Park



S087   What Are the Robust Physical Findings and Signs in Diagnosis of 
Cervicogenic Headache? 67
Dae-Woong Ham, Kwang-Sup Song, Hyun-Cheul Nam, Jeong-Ik Lee

S088   Effect of Individual and Neighborhood Socio-Economic Indicators 
on Length of Stay in Anterior Cervical Decompression and Fusion 
(ACDF) 67

Ramkumar Mohan, Kevin Ho Yin Wong, Zhihong Chew, 
Andy Kuei Siong Yeo, Teo Hong Terry Lee, Wee Lim Loo, 

Dinesh Shree Kuma

Free Paper: Cervical III

S089   Multilevel, Percutaneous Posterior Cervical Interfacet Distraction 
and Fusion for Cervical Spondylotic Radiculopathy - Clinical and 
Radiographic Outcomes 68

Mikhail Lew Perez Ver

S090   Multi-rod Instrumentation in Cervical Spine: A Novel Surgical 
Concept 69

Tarush Rustagi, Abhinandan Reddy,  
Kalidutta Das, Singh Harvinder Chhabra

S091   Surgical Outcomes for C2 Tear Drop Fractures: Clinical Relevance 
to Hangman’s Fracture and C2-3 Discoligamentous Injury 69

Sung-Kyu Kim, Jong-Beom Park, Hyoung-Yeon Seo, Gil-Hwan Lim

S092   The Impact of Over-distraction on Adjacent Segment Pathology 
and Cage Subsidence in Anterior Cervical Discectomy and Fusion 
(ACDF) 70

Yu-Cheng Yeh, Chi-Chien Niu

Free Paper: Cervical IV

S093   Atrophy of the Posterior Cricoarytenoid Muscle as an Indicator 
of Previous History of Recurrent Laryngeal Nerve Injury Before 
Revision Anterior Cervical Surgery 71

Sang-Yun Seok, Dong-Ho Lee, Hyung-Rae Lee

S094   Hinged Roof Reconstruction of Anterior Iliac Crest after 
Harvesting Bicortical Strut Graft for Anterior Cervical Fusion 71

Min-Wook Kang, Yong-Min Kim

S095   Clinical and Radiographic Outcomes of Miniopen Auto Iliac Bone 
Graft Technique on Anterior Cervical Discectomy and Fusion 72

Hwan-Jin Kwon, Yun-Tae Kim, Min-Joon Cho, Jae Hyup Lee

S096   Feasibility of C2 Slope as a Substitute for Cervical Sagittal 
Alignment after Multilevel Cervical Spine Fusion Surgery 73

Namhoo Kim, Kyung-Soo Suk, Ji-Won Kwon, 
Joon-Oh Seo, Hun-Jin Ju, Byung-Ho Lee, 

Seong-Hwan Moon, Hak-Sun Kim, Hwan-Mo Lee

Free Paper: Cervical V

S097   Correlation between Radiological Outcome and Functional 
Outcome Following Cervical Laminoplasty for Cervical 
Spondylotic Myelopathy and Ossification of Posterior Longitudinal 
Ligament 73

Sachin Anil Borkar

S098   Clinical Outcome between Preservation and Resection of 
Posterior Longitudinal Ligament in Anterior Cervical Discectomy 
and Fusion 74

Tuanrit Sornsa-Ard, Vasuthara Thananthorn

S099   Surgical Outcome of Locked Facet in Distractiveflexion Injury of 
the Subaxial Cervical Spine: Case Series 74

Kang-San Lee, Woo-Kie Min, Eugene J. Park

S100   CT Morphologic Study of Sub-axial Cervical Spine and Feasibility 
for Pedicle Screw Insertion among Thai Population 75

Surawut Ruchirawan, Surawit Visuthisakchai

Free Paper: Tumor & Infection

S101   Analysis of Quality of Life after Stabilization of Metastatic 
Vertebral Fracture 76

Bikram Keshari Kar

S102   Titanium Mesh Reconstruction for Large Chest Wall Defects after 
Radical Excision of Large Residual Malignant / Locally Aggressive 
Vertebral Tumors-A Short Case Series and Literature Review 76

Charanjit Singh Dhillon

S103   Case of Recurrent Fungating Sacrococcygeal Chordoma with 
Perineural Invasion of the Sciatic Nerve-Highlighting Role of 
Multidisciplinary Teleconference in Treating Spinal Tumors 
During COVID-19 Era 77

Mamer Rosario, Jean Marice Lim, Jerome Vergil Paez, 
Adrianne Carmel Cabrera, Mark Angelo Briccio Alcantara, 

Andrew Bonae Estanislao Valdez, Avelino Alomesen, Geoffrey Battad

S104   Surgical Management of Pott’s Spine 78
Rajesh Pratap Shah

Invited Lecture VI

Single Level Total Disc Replacement-Index Level Revision and Adjacent 
Level Surgery Incidence, 2 Characteristics, and Outcomes 78

Matthew Scott-Young



Symposium: Cervical  
(Current Concepts in Cervical Spinal 
Surgery: A Historical Perspective)

Occipitocervical / Upper Cervical Spine 78
Kyung-Chung Kang

Anterior Decompression and/or Fusion 79
Dong-Ho Lee

Posterior Decompression and/or Fusion 80
Byung Wan Choi

Artificial Disc Replacement 80
Jong-Beom Park

Free Paper: Trauma

S105   Profile, Incidence and Outcome of Patients Diagnosed with 
Traumatic Cervical Spine Injury Admitted at Southern Philippines 
Medical Center-Department of Orthopedics: A Retrospective 
Review 81

Ali Farhan Pendaliday

S106   Characteristics and Prognosis of Traumatic Cervical Spine Injury 
in Older Adults Based on Injury Mechanism: A Multicenter Study 
of 1,512 Cases 82

Noriaki Yokogawa, Satoshi Kato, Kei Ando, Toru Funayama,  
Kota Watanabe, Takeo Furuya, Hideaki Nakajima,  

Tomohiko Hasegawa, Hiroyuki Tsuchiya

S107   Reducibility of Facet Joint Dislocation by Preoperative Traction in 
the Treatment of Distractive-Flexion Injury of the Lower Cervical 
Spine 83

Kyung-Jin Song, Won-Bin Song, Kyung-Tae Kim, 
Jong-Hyun Ko, Byung-Wan Choi

S108   Underweight (BMI <18.5) on the Risk of Vertebral Fracture: A 
Nationwide Population-based Study 83

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

Free Paper: Miscellaneous

S109   The Relationship Between the Frailty, Skeletal Muscle Mass and 
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Free Paper: Basic Research I

S001

Efficacy of Bone Graft Materials for Spinal Fusion in 
a Rabbit Model

Jae-Sung Ahn, Sang-Bum Lee, Ho-Jin Lee,  
Soong-Hyun Lee*, Jong-Yun Kim†, Bo-Sung Choi 

Department of Orthopaedic Surgery, Chungnam National University Hospital, 
Daejeon, Korea 
*Department of Orthopaedic Surgery, Daejeon Centum Orthopedic Hospital, 
Daejeon, Korea 
†Department of Orthopaedic Surgery, Design Hospital, Jeonju, Korea

Purpose: Spinal fusion is performed to correct spinal instability 
caused by degenerative changes, trauma, or other spinal disease. 
According to the statistics, the frequency of nonunion 
after spinal fusion ranges from 5 to 30%, which has high 
possibility to cause severe pain or even neurological 
symptoms. In order to prevent nonunion after spinal fusion, 
bone grafting, commonly using autogenous bones collected 
from iliac crest, is performed simultaneously with spinal 
instrumentation. However, autogenous bone graft has some 
donor site complications such as fracture, pain, nerve and 
blood vessel injury, hematoma, skin scarring, and infection 
of the donor part, and restricted amount of collection. 
Accordingly, many studies have been conducted on 
substitutes that not only reduce the side effects of autogenous 
bone graft donor sites and but also increase the amount 
of bone graft. We compared the effect of three substance 
[Demineralized bone matrix (DBM), Biphasic calcium 
phosphate (BCP) and bone morphogenetic proteins (BMP)] 
in a rabbit model.
Materials and Methods: Since the rabbits may have different 
biomechanical responses to the graft materials which may 
affect the union rate, different materials were used on the 
left and right sides of one rabbit, and autogenous bone was 
transplanted for controls. To confirm the progression of 
union, all cases were examined by plain radiographs every 
3,6,9,12 weeks and CT. Also, surgically manual stress test 
and biopsy were performed at the 12weeks.
Results: The union rate of using autogenous bone, BMP 

and BCP group was the highest, comparing with other 
groups (autogenous bone only, autogenous bone and DBM, 
autogenous bone and DCP), also showed statistically 
significant difference. In histological evaluation, woven 
bone was most observed in autogenous bone, BMP and BCP 
group.
Conclusions: Autogenous bone, and BMP material using BCP 
as a carrier in spinal fusion can increase the union rate and 
reduce side effects caused by autogenous bone collection; 
therefore, it can sufficiently play a role as a bone substitute in 
clinical practice.
Keywords: Bone graft, Spinal fusion, DBM

S002

Basic Research, Lumbar, Miscellaneous

Tae-Sik Goh, Jung-Sub Lee, Dong-Suk Kim, 
Keun-Young Kim 

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

Purpose: The objective of this retrospective study was to 
examine the relationship between thoracolumbar Cobb 
angles and osteoporosis and vertebral fragility fracture in 
postmenopausal women.
Materials and Methods: We enrolled 470 postmenopausal 
women (median age: 62.78) who visited our hospital 
for a health check-up between Sep 2013 and Sep 2017. 
Densitometric results of the lumbar spine (LS), including 
bone mineral density (BMD), T-score of L1-L4, and 
trabecular bone score (TBS), were calculated from dual-
energy X-ray absorptiometry (DXA). Thoracolumbar 
kyphosis was examined by measuring the sagittal 
thoracolumbar Cobb angle (TLCobb). Baseline and follow-
up X-ray images were reviewed to evaluate thoracolumbar 
vertebral compression fracture, which was defined according 
to the Genant criteria.
Results: At baseline, 26.2% (n=223) had normal BMD, 43.2 
% (n=203) patients had osteopenia and 30.6% (n=144) 
patients had osteoporosis. One hundred and thirteen 
baseline X-rays (24.0%) identified compression fractures 
and additional or progressive fractures in 21 participants 
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(4.3 %) for the median 24 months of the follow-up period. 
The TLCobb did not show a difference according to the 
diagnosis of LS, whereas TLCobb was significantly higher 
in participants whose TBS was deteriorated. TLCobb was 
significantly higher in patients with baseline fracture. Cox 
regression analysis identified that TLCobb was a significant 
risk factor for the future vertebral fragility fracture during the 
follow-up.
Conclusions: Thoracolumbar kyphosis was found to be 
associated with TBS and baseline compression fracture and 
was suggested to have the potential to predict future vertebral 
fractures in patients.
Keywords: Fracture risk, DXA, TBS, Thoracolumbar kyphosis, 
Osteoporosis

S003

Suramin Attenuates Intervertebral Disc Degeneration 
by Inhibiting NF-κB Signaling Pathway

Shih-Hsiang Chou 

Department of Orthopaedic Surgery, Kaohsiung Medical University Hospital, 
Kaohsiung, Taiwan

Purpose: Interleukin (IL)1-β is one of major pathogenic 
regulators in intervertebral disc degeneration (IDD) 
pathologic development. However, effective drug for IDD 
is limited. Suramin is a medicament for the treatment of 
African sleeping sickness. This study aimed to investigate 
the pharmacological effects of suramin on mitigating IDD 
and to characterize the underlying mechanism. 
Materials and Methods: The nucleus pulposus (NP) cells 
were treated with vehicle, 10 ng/ml IL-1β, 10μM suramin 
or suramin plus IL-1β. The expressions of catabolic and 
anabolic proteins, proinflammatory cytokines, MAPK and 
NF-κB-related signaling molecules were assessed with 
Western blotting, qRT-PCR and immunofluorescence. Flow 
cytometry were applied to detect apoptotic cells. To study 
pharmacological functions of the suramin ex vivo, we carried 
out IDD organ culture and analyzed their differentiation by 
Safranin O-Fast green and Alcian blue staining.
Results: Suramin effectively inhibited IL-1β-induced 
apoptosis in NP cells. In addition, suramin-involved 
downregulation of MMP-3, MMP-13, ADAMTS-4 and 

ADAMTS-5, and upregulation of Col2a1 and Aggrecan 
in the IL-1β-treated porcine NP cells was estimated as 
degenerative tendency. Our data evidenced that the suramin 
is able to suppress IL-1β-activated the TLR2/MyD88/NF-κB 
pathway. The IL-1β-induced inflammation that was reflected 
in elevations of IL-1β, IL-8 and TNF-α was alleviated 
when cells exposed to suramin. Furthermore, ex vivo 
experiments showed that suramin suppressed IL-1β-mediated 
proteoglycan depletion, induction of MMP-3, ADAMTS-4 
and the pro-inflammatory gene expression such as IL-1β, 
IL-8 and TNF-α.
Conclusions: Suramin administration as a novel and effectively 
therapeutic approach is potentially to alleviate the IDD by 
reducing extra-cellular matrix deposition and inhibiting 
apoptosis and inflammatory reaction in the NP cells.
Keywords: Suramin, IL-1β, NF-κB, Intervertebral disc 
degeneration
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Automatic Lumbar Spinal Stenosis Grading in 
Multiple Lumbar Magnetic Resonance Imaging 
Using Deep Convolutional Neural Networks

Suk-Joong Lee, Dongkyu Won*, Hyun-Joo Lee†,  
Sang Hyun Park*

Department of Orthopaedic Surgery, Gyeongsang National University Changwon 
Hospital, Changwon, Korea 
*Department of Robotics Engineering, Daegu Gyeongbuk Institute of Science and 
Technology, Daegu, Korea 
†Department of Orthopaedic Surgery, Kyungpook National University Hospital, 
Daegu, Korea

Purpose: This study aims to verify the feasibility of a 
computer-assisted spine stenosis grading system by 
comparing the diagnostic agreement between two experts 
and the agreement between the experts and trained artificial 
CNN classifiers.
Materials and Methods: In this work, a total number of data 
samples was increased to 7913 from 542 slices which is 
about 14 times larger than data samples we used in previous 
work. The entire dataset is in DICOM format, among which 
whole lumbar axial images were prepared using the PACS 
(Picture archiving and communication system) programTwo 
experts independently localized the center position of the 
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spine canal and graded the status. Two CNN classifiers each 
trained with the grading label made by the two experts were 
validated using 10-fold cross-validation. Each classifier 
consisted of a CNN detection model responsible for the 
localization of patches near the canal and a classification 
CNN model to predict the spinal stenosis status in the 
localized patches. Faster R-CNN was used for the detection 
model whereas VGG network was used for the classification 
model. A comparison in grading agreement was carried out 
between the two experts as well as that of the experts and the 
prediction results generated by the CNN models.
Results: The intervertebral/cord leveling for the two analyzers 
agreed on 92.8%, and the F1 score was 89.4%. The agreement 
of Analyzers-Classifiers agreed on 94.6/97.3% for data with 
92.3/96.0% in F1 score. Analyzer1 and Analyzer2 classified 
>77% as intervertebral (77.3%, 79.3%, respectively). In 
stenosis grading, the grades of the two analyzers agreed on 
89.7% of data, and the F1 score was obtained as 76.6%. The 
grades of Analyzers-Classifiers agreed on 91.1/90.1% of data 
with an F1 score of 76.6/74.9%. Analyzer1 and Analyzer2 
classified >75% as grade A (79.1%, 75.4%, respectively), 
15.1%, 11.1% as grade B, 4.1%, 5.8% as grade C, and 1.8%, 
1.4% as grade D, respectively.
Conclusions: We indeed confirmed that automatic diagnosis 
using deep learning may be feasible for multiple level lumbar 
spinal stenosis grading.
Keywords: Deep convolutional neural network, Stenosis
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S005

Balloon Compression Spinal Cord Injury in Animal 
Model Using Canine and Capra

Yudha Mathan Sakti, Rusdy Ghazali Malueka,  
Zikrina Abyanti Lanodiyu, Akbar Mafaza,  
Deas Makalingga Emiri,  
Axel Brahmantyo Maynardo Nugroho 

Department of Orthopaedic Surgery, Sardjito/FK-KMK Universitas Gadjah 
Mada, Indonesia

Purpose: Spinal cord injury (SCI) is a disabling condition 

that require appropriate treatment and management. Small 
animal models have been investigated previously, however 
the result was not enough to be applied in human. In this 
study we compare the feasibility between Canine and Capra 
to be used in spinal cord injury model for in vivo research 
from each aspect of animal being, which are functional and 
histopathological condition, to determine which is better 
animal model to be used in spinal cord injury research.
Materials and Methods: In this study, we compared 2 
Canine with 2 Capra as animal models in SCI with balloon 
compression method by causing total compression to T10-11 
segments of the spinal cord. We divided the animal models 
into 2 groups which the first one is going through 5-days 
post-injury for acute phase observation and the second group 
is going through 12-days post-injury for subacute phase 
observation. General condition, metabolism, neurological 
function, and histopathological in Canine and Capra after 
injury would be observed.
Results: Spinal cord injury model by using balloon 
compression technique was observed to be more reliable in 
Canine compared to Capra. Canine group had better overall 
general condition compared to Capra after injury which was 
determined by behavioural activity and vocalization after 
injury. Canine also showed better metabolism compared to 
Capra after injury, which was observed that food intake in 
Canine still had the same amount as it had before injury. Both 
Canine and Capra showed to have minimum motor capability 
with cBBB score ranged from 0-3. Neurological outcome of 
temperature reaction time and deep tendon reflex post injury 
in Canine were found to be more consistent, where in Capra, 
those results were varied. From the histopathological result, 
Canine spinal cord developed haemorrhage and necrosis, 
meanwhile in Capra there was only haemorrhage.
Conclusions: Both animal models in our study developed 
similar neurological feature. However, we found that Canine 
is more feasible to be used in SCI research compared 
to Capra since Canine had better general condition 
and metabolism after SCI and developed more similar 
histopathological feature to human compared to Capra.
Keywords: Spinal cord injury, Canine, Capra, Balloon 
compression, Animal model
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Human Epidural AD-MSC Exosomes Improve 
Function Recovery after Spinal Cord Injury in Rats

Gun-Woo Lee, Min-Soo Seo*, Soo-Eun Sung*,  
Ju-Hyeon Lim

Department of Orthopaedic Surgery, Yeungnam University Medical Center,  
Yeungnam, Korea 
*Department of Laboratory Animal Center, Daegu-gyeongbuk Medical 
Innovation Foundation, Daejeon, Korea

Purpose: Spinal cord injury (SCI) represents severe dysfunction 
of the autonomic nervous system and causes motor and 
sensorydiseases. Many studies have focused on functional 
recovery after neurological injury but with several limitations. 
Recently, extracellular vesicles such as exosomes have 
emerged as cell-free therapeutic agents owing to their ability of 
cell-to-cell communication. In particular, exosomes released 
from mesenchymal stem cells (MSCs) have the potential for 
tissue regeneration and exhibit therapeutic effectiveness in 
neurological disorders.
Materials and Methods: In this study, we isolated exosomes 
from human epidural adipose tissue-derived MSCs (hEpi AD-
MSCs) using tangential flow filtration method. The isolated 
exosomes were analyzed for size, concentration, shape, and 
major surface markers using nanoparticle tracking analysis, 
transmission electron microscopy, and flow cytometry. 
To evaluate their effect on SCI recovery, hEpi AD-MSC 
exosomes were injected intravenously in SCI-induced rats. 
hEpi AD-MSC exosomes improved the behavioral ability of 
SCI-induced rats.  
Results: The results of histopathological and cytokine 
assays showed that hEpi AD-MSC exosomes regulated 
inflammatory response and tissue regeneration. Genetic 
profiling of the rat spinal cord tissues revealed changes in 
the expression of inflammation-related genes after exosome 
administration. Collectively, hEpi AD-MSC exosomes 
are effective in restoring spinal functions by reducing the 
inflammatory response.
Conclusions: In conclusion, hEpi AD-MSC exosomes have 
therapeutic potential, as they regenerate damaged tissue and 
restore motor function by alleviating inflammation in SCI. To 
the best of our knowledge, this is the first report to compare 
the differences in gene expression and analyze the functions 

of critical genes when hEpi AD-MSC exosomes were applied 
in SCI, a neurological injury.
Keywords: Spinal cord injury, Mesenchymal stem Cells, 
Exosomes, Extracellular vesicles

S007

Does the Intradiscal Steroid Injection Make 
Degenerative Change on Disc?: Histological Analysis 
of Human Disc Obtained from Discectomy

Sung-Tan Cho, Jin-Hwan Kim

Department of Orthopaedic Surgery, Ilsan Paik Hospital, Goyang, Korea

Purpose: Intradiscal steroid injection (ISI) was proved to 
low-risk and rapid treatment of disc degeneration disease. 
However, there was few studies on effect of steroid on 
human’s disc model. The purpose of this study is to know 
whether the ISI induce degenerative change of intervertebral 
disc or not. 
Materials and Methods: A total of 150 patients who underwent 
posterior lumbar interbody fusion surgery (PLIF) for spinal 
stenosis were included. Among them, ISI was done for 59 
patients before surgery. The disc specimens obtained during 
PLIF surgery were histologically classified according to 
chondrocyte proliferation (C1, 2 and 3) and granular change 
of matrix (M1 and 2) of disc tissue in routine pathology. 
Pfirrman (PM) grade of disc was evaluated preoperatively 
on the MRI. Relation between histologic grade and age, PM 
grade, and steroid injection was evalutated.
Results: The chondrocyte proliferation (p=0.02), granular 
change of matrix (p<0.01), and PM grade (p<0.01) were 
higher in older age. In non-ISI group, PM grade was 
correlated with histological degeneration [chondrocyte 
proliferation (p=0.03), granular change of matrix (p=0.04)]. 
However, the chondrocyte proliferation and granular change 
of matrix showed no significant difference between ISI group 
and non-ISI group. From the results of logistic regression 
analysis, the age is only risk factor for both chondrocyte 
proliferation (p=0.02) and granular change of matrix 
(p<0.01).
Conclusions: The ISI doesn’t seem to degenerate the histology 
of disc. In DDD, ISI is a good therapeutic alternative that can 
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improve discogenic pain without causing further degenerative 
changes in the disc. 
Keywords: Intervertebral disc, Steroid, Histology

S008

Analysis of Postoperative Delirium after Spinal 
Surgery Using an Electroencephalography Detecting 
Wearable Device: A Pilot Study

Soo-Bin Lee, Ji-Won Kwon*, Sa-Hyun Sung†,  
Seong-Hwan Moon*, Byung-Ho Lee*, Hak-Sun Kim*,  
Kyung-Soo Suk*, Yung Park‡, Joong-Won Ha‡,  
Hwan-Mo Lee§

Department of Orthopaedic Surgery, Catholic Kwandong University 
International St. Mary’s Hospital, Korea 
*Department of Orthopaedic Surgery, Yonsei University College of Medicine, 
Seoul, Korea 
†Department of Orthopaedic Surgery, Ewha Womans University Seoul Hospital, 
Seoul, Korea 
‡ Department of Orthopaedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
§Department of Orthopaedic Surgery, Korea Medical Dispute Mediation and 
Arbitration Agency, Korea

Purpose: There has not been a study on the objective diagnostic 
method of delirium after spinal surgery based on a compact 
wearable device detecting electroencephalography (EEG). The 
purpose of this study was to analyze differences in EEG waves 
between delirium and non-delirium patients using a wearable 
device in the pre and postoperative period of spinal surgery.
Materials and Methods: From April 2019 to February 2020, 
37 patients aged≥ 60 years who underwent cervical or 
lumbar decompression and instrumented fusion surgery for 
spinal degenerative disease were prospectively investigated. 
EEG waves of the enrolled patients were gathered using 
a compact wearable device preoperatively, 1-week, and 
3-month postoperatively. Percent changes from baseline 
to 1-week and 3-month postoperative data were compared 
between delirium and non-delirium groups.
Results: 6 patients were clinically diagnosed as delirium 
postoperatively and 31 patients did not show any delirious 
behavior. In delirium group, the percent changes from 
baseline to 1-week postoperative were statistically higher in 
the anxiety and stress-related EEG waves, including M-beta, 
H-beta, gamma, and tension index than in non-delirium 

group, and the relaxation-related theta wave was lower than 
in non-delirium group. For percent changes from baseline to 
3-month postoperative, there was no significant difference 
between delirium and non-delirium groups except for 
M-beta.
Conclusions: In delirium group, H-beta, gamma waves, 
and tension index increased, and theta wave decreased 
distinctively at 1-week postoperative compared to non-
delirium group. Further large-scale studies should investigate 
the effect of the factors related to delirium, such as baseline 
cognitive function, medication, and severity of medical 
illness.
Keywords: Delirium, Wearable device, EEG, HRV, Ppinal 
surgery

Free Paper: Lumbar I

S009

Comparision of Adjacent Segmental Diseases after 
Minimally Invasive and Open Transforaminal 
Lumbar Interbody Fusion: 10 Year Results

Jae-Won Shin, Yung Park, Joong-Won Ha, Ji-Won Kwon*, 
Hak-Sun Kim*, Kyung-Soo Suk*, Sung-Hwan Moon*, 
Byoung-Ho Lee*

Department of Orthopaedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
*Department of Orthopaedic Surgery, Gangnam Severance Hospital, Yonsei 
University College of Medicine, Seoul, Korea

Purpose: To compare radiologic and clinical adjacent 
segmental diseases (ASD) after transforaminal lumbar 
interbody fusion (TLIF) with minimally invasive and open 
surgery.
Materials and Methods: One spine surgeon and one radiology 
doctor reviewed the completed medical records and 
radiographic data of 148 patients who had undergone TLIF 
by one surgeon at an institution. 106 patients undergone 
minimally invasive method TLIF (MI TLIF) and 42 patients 
undergone open method TLIF (Open TLIF). ASDs after 
TLIF were classified and analyzed by radiologic and clinical 
factors. In addition, the time of reoperation due to ASD was 
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compared. We analyzed data with paired T-test, Chi-square 
test and Linear mixed model.
Results: Analyzing at the location of ASD, in the case of MI 
TLIF, 36 patients with cephalad ASD, and 8 patients with 
caudal ASD. Total 44 patients (41.5%) showed ASD after 
MI TLIF. In open TLIF, 16 patients with cephalad ASD 
and 9 patients with caudal ASD showed ASD in a total of 
25 patients (59.5%). The radiologic type of ASD after MI 
TLIF was instability in 23 patients, spondylolisthesis in 9 
patients, and disc degeneration in 12 patients. ASD after 
open TLIF had instability in 7 patients, spondylolisthesis in 7 
patients, and disc degeneration in 11 patients. After MI TLIF, 
16 patients with ASD showed back pain and 13 patients 
showed radiculopathy. After open TLIF, 21 patients with 
ASD showed back pain and 3 patients whoed radiculopathy. 
Reoperation after ASD in MI TLIF was 10 patients (9.4%), 
Open TLIF was 7 patients (16.7%).
Conclusions: As a result of this study, the incidence of 
rardiologic and clinical adjacent segmental diseases was less 
in minimal invasive TLIF than in open TLIF.
Keywords: Adjacent segmental disease, Spine fusion

S010

Association of Risk Factors for Early Onset 
Radiographic Degenerative Changes in the Sacroiliac 
Joint after Lumbar and Lumbosacral Fusion

Joon-Oh Seo, Ji-Won Kwon, Nam-Hoo Kim,  
Byung-Ho Lee, Sang-Jun Park, Jae-Won Shin*,  
Sub-Ri Park, Sa-Hyun Sung†, Soo-Bin Lee‡,  
Kyung-Soo Suk, Seong-Hwan Moon, Hak-Sun Kim,  
Yung Park*, Joong-Won Ha*

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea 
*Department of Orthopaedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
†Department of Orthopaedic Surgery, Ewha Womans University College of 
Medicine, Seoul, Korea 
‡Department of Orthopaedic Surgery, Catholic-Kwandong University, Jncheon, 
Korea

Purpose: The purpose of this study is to investigate the 
radiological risk factors and differences in spinopelvic 
parameters for radiologic degenerative changes in the 
sacroiliac joint after lumbar or lumbosacral fusion surgery.

Materials and Methods: From 2019 to 2020, 116 patients 
diagnosed with lumbar and sacral degenerative diseases who 
underwent lumbar or lumbar sacral fusion were included. The 
degenerative changes of the sacroiliac joint were measured 
by CT performed before and 6 months after surgery and 
divided into two groups according to the presence or 
absence of radiographic degeneration. Evaluation factors 
for radiographic degeneration include sclerotic changes, 
erosion, osteophyte formation, intra-articular bone formation, 
joint space narrowing, intra-articular gas formation and 
subchondral cysts were evaluated. Spinopelvic radiologic 
parameters and surgery-related parameters including lumbar 
lordosis, sacral slope, pelvic incidence, global tilts, and T1PA 
between the two groups were analyzed using Student’s t-tests 
and chi-square tests to determine the difference between 
continuous and non-continuous variables between groups. 
Logistic regression analysis was used for the analysis of 
risk factors for degeneration for SI joints after lumbar or 
lumbosacral fusion surgery.
Results: There was no statistically significant difference 
between the demographic data and surgery-related data 
between the group with and without sacroiliac joint 
degenerative changes. There was also no statistical difference 
in the rate of degenerative changes in the sacroiliac joint 
according to the presence or absence of S1 in the fusion 
segment. (Degeneration group vs. non-degeneration group; 
45.5% vs. 39.8%, p-value: 0.574) There were statistically 
significant differences between the two groups in lumbar 
lordosis (LL), pelvic angle of incidence (PI), and PI-LL. (LL; 
27.2±12.0 vs. 39.8±11.3, PI; 51.3±12.0 vs. 57.2±12.6. and 
PI-LL; 24.1±17.0 vs. 17.4±13.9, p<0.001, 0.023, and 0.030) 
As risk factors for radiographic degenerative changes in the 
sacroiliac joint, lumbar lordosis (LL), pelvic incidence (PI), 
sacral inclination (SS), and sagittal vertical axis (SVA) were 
statistically significant factors. (Lumbar lordosis odd ratio: 
0.851, 95% CI: 0.791-0.917, p<0.001).
Conclusions: Lumbar lordosis and pelvic incidence are related 
as risk factors for radiographic degenerative changes in the 
sacroiliac joint after surgery in patients with lumbar spinal 
fusion.
Keywords: Sacroiliac joint, Lumbar, Lumbosacral, Fusion 
surgery, Radiologic
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S011

Retrospective Analysis of Bilateral Transforaminal 
Lumbar Interbody Fusion Using PEEK Versus 3D 
Printed Porous Titanium Alloy Cage

Eugene J. Park, Woo-Kie Min

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

Purpose: We aimed to compare the radiological outcome 
between bilateral transforaminal lumbar interbody fusion 
(TLIF) using polyethere etherketone (PEEK) versus 3D 
printed titanium (Ti) cages.
Materials and Methods: From February 2018 to November 
2020, consecutive patients that underwent bilateral TLIF 
were reviewed for this study. Inclusion criteria included: (1) 
primary cases, (2) degenerative diagnosis, (3) and were able 
to follow-up at least one year after surgery. Patients underwent 
TLIF either using PEEK (group 1) or Ti (group 2) cages. 
Demographic data and radiological parameters including 
anterior and posterior disc height (ADH, PDH, respectively), 
segmental lordosis (SL), lumbar lordosis (LL), C7 sagittal 
vertical alignment (C7SVA), spinopelvic parameters, and bony 
union rate were measured. Slippage was measured for either 
retrolisthesis or spondylolisthesis cases.
Results: During the period, a total of a hundred and sixty-
eight cases underwent TLIF. Ninety-four cases underwent 
TLIF using PEEK cages (group 1), and the other seventy-
four patients underwent TLIF using Ti cages (group 2). Mean 
ages were 68.6 and 68.9, and male to female ratio were 28:66 
and 18:55 in group 1 and 2, respectively. In the whole cohort, 
ADH, PDH, LL, and sacral slope (SS) significantly changed 
on final follow-up. Cage position was only negatively 
correlated with ADH change. While bony union rate did not 
show significant difference between the two groups, slippage 
reduction was significantly more lost in group 1 compared to 
group 2.
Conclusions: In our case series, bilateral TLIF using Ti cages 
showed superior slippage maintenance on final follow up. 
However, the clinical outcome did not show significant 
difference between the two groups.
Keywords: Transforaminal lumbar interbody fusion, Cage, 
Polyetheretherketone, Three-dimensional printing, Titanium

S012

Comparison of Unilateral Instrumented Transforaminal 
Lumbar Interbody Fusion and Posterior Lumbar 
Interbody Fusion in Lumbar Degenerative Diseases: A 
Minimum of 5-year follow-up

Sung-Cheol Park 

Department of Orthopaedic Surgery, Seocho 21st Century Hospital, Seoul, Korea

Purpose: Transforaminal lumbar interbody fusion (TLIF), a 
modification of posterior lumbar interbody fusion (PLIF), 
has become a popular and effective surgical procedure for 
various lumbar degenerative conditions. Although bilateral 
instrumented TLIF is generally considered as a standard 
method, unilateral instrumented TLIF has been shown 
to have comparable clinical and radiological outcomes. 
However, to our knowledge, there is a paucity of literature 
comparing unilateral instrumented TLIF with PLIF, even 
though unilateral instrumented TLIF may have asymmetric 
characteristics, including unilateral facet resection, muscle 
dissection, location of interbody implants, and screw fixation. 
Therefore, the purpose of the present study was to compare 
the long-term clinical and radiological outcomes of unilateral 
instrumented TLIF with PLIF in lumbar degenerative 
diseases. 
Materials and Methods: A retrospective analysis was performed 
for consecutive patients who underwent 1-level unilateral 
instrumented TLIF or PLIF from November 2009 through June 
2016 and were followed up more than 5 years. Selection of 
procedure was determined based on the patient’s symptoms and 
radiological findings. We collected data on patient demographics, 
perioperative details, and clinical and radiological outcomes. 
Student’s t-test was used to compare continuous variables, and the 
chi-square test was performed to compare categorical variables.
Results: A total of 162 patients, consisting of 55 with 
unilateral instrumented TLIF and 107 with PLIF, were 
enrolled in this study. The mean follow-up was 81.6 months, 
with a range of 60 to 130 months. The patients with unilateral 
instrumented TLIF had a significantly shorter operation time 
than those with PLIF (189.09±36.44 vs 234.95±51.12 min, 
p<.001) and lower EBL (412.18±223.95 vs 647.48±334.13 
ml, p<.001). Regarding clinical outcomes, there were no 
significant differences in JOA score (p=0.449) and Kirkaldy-
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Willis criteria (p=0.727) at 6 months postoperatively. The 
change of local coronal angle at the index level, lumbar 
scoliotic angle, L1-S1 lordotic angle, and coronal off balance 
from postoperative radiograph to last follow-up were not 
significantly different between 2 groups (p=0.305, p=0.148, 
p=0.531, and p=0.412, respectively). 
Conclusions: Unilateral instrumented TLIF is a viable option 
providing comparable clinical and radiological outcomes 
to PLIF in single level lumbar degenerative diseases. In 
addition, Unilateral instrumented TLIF has advantages over 
PLIF in the operation time and intraoperative estimated 
blood loss. However, caution should be exercised if the 
patient has local coronal imbalance preoperatively.
Keywords: Transforaminal lumbar interbody fusion, Posterior 
lumbar interbody fusion, TLIF, PLIF, Unilateral instrumented 
TLIF

Invited Lecture I

Surgical Treatment of Intramedullary Spinal Cord 
Tumors

Masaya Nakamura

President, The Japanese Society for Spine Surgery and Related Research, Japan 

Symposium: Deformity 
(Management of Spinal Deformity in 

Patients with Parkinson’s Disease)

Management of Spinal Deformity in Patients with 
Parkinson’s Disease  
- Preoperative Medical Considerations - 

Sam Yeol Chang, Bong-Soon Chang, Hyoungmin Kim 

Department of Orthopaedic Surgery, Seoul National University Hospital, Seoul, 
Korea.

Backgrounds and Introduction: Parkinson’s disease (PD) is 

a progressive neurodegenerative disease characterized 
by a combination of the following cardinal signs: tremor, 
bradykinesia, and rigidity. It affects approximately 1%- 2% 
of the population aged over 60. PD is the fastest growing 
neurological disorder, which has earned the name “the 
Parkinson pandemic.” The prevalence has doubled from 1990 
to 2016, and it’s estimated that 12.9 million people will be 
affected in 2040. This review discusses the general aspect of 
PD (from diagnosis to treatment) and preoperative medical 
considerations before spine deformity surgery.
Main Body: PD is diagnosed clinically based on history taking 
and neurological examinations. Clinical features of PD can 
be divided into the motor and non-motor symptoms. Motor 
symptoms are tremor, rigidity, bradykinesia, and postural 
instability, whereas non-motor symptoms include autonomic 
dysfunction and cognitive impairments. The severity of PD 
can be staged by Hoehn and Yahr scale, and the clinical 
status of PD can be assessed by the unified Parkinson’s 
disease rating scale (UPDRS). Pharmacological treatment for 
PD includes dopamine agonist, MAO inhibitor, and COMT 
inhibitor, which can replace or increase the availability 
of dopamine. Anticholinergics can reduce involuntary 
movements, and antidepressants are prescribed for non-
motor symptoms. In PD patients, various spine deformities 
(e.g., camptocormia, antecollis, Pisa syndrome, scoliosis) can 
occur. These deformities are often refractory to medications 
alone, and the role of deformity surgery is critical. Previous 
studies have reported higher surgical complication rates 
following deformity corrections in PD patients. Such high 
complication rates may be due to poor bone quality in PD 
patients, associated with Vitamin D deficiency and PD 
medications (L-dopa). Therefore, underlying osteoporosis 
should be assessed and managed before deformity correction. 
Other important preoperative issues are 1) addressing 
non-motor symptoms and 2) managing PD symptoms 
during NPO state. As for non-motor symptoms, orthostatic 
hypotension is common in PD patients, and meticulous fluid 
volume control is critical for prevention. The incidence of 
postoperative delirium following spine surgery has been 
reported up to 30%, which requires timely consultation and 
management in high-risk patients. Minimizing fasting time 
is not only important because it enhances recovery after 
surgery, but also it allows the continuation of PD medications 
during the perioperative period. Alternatives to oral L-dopa 
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are available in PD patients with prolonged fasting.   
Conclusions: The multidisciplinary approach is essential in 
the preoperative management of PD patients scheduled for 
spine deformity corrections.
Keywords: Parkinson’s disease, Spine deformity, Camptocormia, 
Delirium, Orthostatic hypotension 

Surgical Treatment and Prevention of Postoperative 
Complications in Patients with Parkinson’s Disease

Ho-Joong Kim, Sang-Soo Na

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

Backgrounds and Introduction: Parkinson’s disease (PD) has 
been known to have the risk of postoperative complications 
in patients with adult spinal deformity (ASD). However, 
there are few studies to compare patients between with PD 
and those without PD. In addition, it is little known how to 
prevent these complications in patients with PD undergoing 
ASD surgery. Therefore, the purpose of this topic is to 
identify the optimal strategy for surgical treatment in patients 
with both PD and ASD to minimize postoperative or surgical 
complications.
Main Body: With the design of retrospective cohort study, we 
reviewed all surgically treated ASD patients with at least 6 
months follow-up. Among them, 16 had PD. Clinical data 
were collected on early and late postoperative complications 
as well as any revision surgery. Radiographic parameters 
were evaluated before and immediately after surgery and 
at final follow-up, including sagittal vertical axis (SVA), 
thoracic kyphosis, lumbar lordosis, sacral slope, and pelvic 
tilt. We compared the clinical outcomes and radiographic 
parameters of PD patients with those of non-PD patients. 
While the PD group demonstrated significantly higher 
incidence of proximal junctional kyphosis (PJK), the rate 
of revision surgery due to PJK was similar. The incidences 
of other postoperative complications were not different 
statistically. Even though both groups gained clinical 
improvement after surgery, the amount of improvement in 
the PD group was inferior to those in the patients without 

PD. In the PD group, gradual worsening of sagittal or coronal 
alignment was noted.
Conclusions: Relatively higher rate of proximal junctional 
kyphosis and progressively worsening of radiological 
outcomes were noted in the PD group. Therefore, special 
attention should be paid in the surgical treatment in PD 
patients undergoing ASD surgery. 
Keywords: Parkinson’s disease, Adult spinal deformity, 
Postoperative complications, Proximal junctional kyphosis, 
Sagittal alignment

Postoperative Management and Rehabilitational 
Considerations in Parkinson’s Disease Patients

Jae Hyuk Yang, Sung Chul Park, Yoon Jin Nam*,  
Seung Woo Suh*

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

Backgrounds and Introduction: Patients with Parkinson’s 
disease (PD) usually present with various spinal pathologies, 
including spondylosis, osteoporotic fractures, and spinal 
deformities, resulting from neuromuscular dysfunction, poor 
bone quality, and abnormal posture. PD has been reported 
to impact the outcomes of spine surgery negatively, namely 
high rates of postoperative complications and revision 
surgeries1-5. Nevertheless, there is a paucity of literature 
on the postoperative management of spine surgery in 
PD. Therefore, to improve postoperative satisfaction and 
daily activities, it is worthwhile to devise a systemized 
postoperative management protocol, including immediate 
postoperative care, rehabilitation, osteoporosis management, 
and PD control.
Main Body: Previous studies showed that patients with PD 
had higher rates of early postoperative complications, such 
as epidural hematoma, delirium, deep vein thrombosis, and 
multisystem complications (nervous, cardiac, respiratory, 
urinary system). Thus, thorough evaluation, comprising 
physical, neurologic, laboratory and radiologic examination, 
would be imperative during the early postoperative period. 
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Some authors found that the etiologies of revision surgery 
in PD patients were rod breakage, pseudarthrosis, screw 
loosening, instrumented/adjacent vertebral fracture, and 
surgical site infection. It has been suggested that appropriate 
restoration of global alignment at the time of the index 
surgery is essential to reduce the risk of surgical failure and 
necessity of revision surgery. Meanwhile, poor functional 
status of PD has also been reported to be associated with 
limited outcomes of spine surgery in PD. Exercise training 
has been proven to be effective for the functional status 
of PD. Therefore, exercise therapy and interdisciplinary 
approach with movement disorder specialists would be 
necessary to improve the patient functionality. Previous 
studies suggested that the aerobic exercise, treadmill, robot-
assisted gait training, virtual reality and exergaming therapy, 
balance training, and progressive resistance training would 
be a practical exercise for PD. In addition, Yu et al. suggested 
that the strength of adductor longus, biceps femoris, rectus 
femoris, tibialis anterior, and gastrocnemius would help to 
make sit-to-stand movement easier and prevent falls in PD 
patients. Yang et al. also proposed that the rehabilitation 
program, consisting of seven exercises items: warming up, 
flexibility, balance, functional, resistance, walking and cool-
down for 12 weeks, improved gait function in PD patients13. 
Conclusions: It is paramount to estimate the exact severity of 
PD, muscle strength, and postural instability of individuals 
and plan a tailored rehabilitation program. In addition, we 
also recommend to take into consideration multidisciplinary 
approach, such as pharmacologic therapy and neurostimulation, 
to achieve well-controlled status of PD perioperatively.
Keywords: Spine, Adult spinal deformity, Parkinson’s disease, 
Movement disorder, Postoperative management 

Asian Spine Society  
Presidential Session 

Lateral Mass Screw Insertion: Surgical Technique

Zamzuri Zakaria

President, Malaysia Spine Society, Malaysia 

Atlanto-axial Instability

Bimal Kumar Pandey

President, Associaton of Spine Surgeons of Nepal, Nepal 

Surgical Management in Diffuse Idiopathic Skeletal 
Hyperostosis (DISH) the Cervical Spine

Torphong Bunmaprasert

Vice President, Spine Society of Thailand, Thailand

MIS in Metastatic Spine Disease

Ronald P. Tangente

Vice President, Philippine Spine Society, Philippines

Tumors of the Spine in Indonesia: Current and 
Future Development

Andhika Yudistira

Secretary General, Indonesian Orthopaedic Spine Society , Indonesia
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Degenerative Scoliosis Treatment Using Extreme 
Lateral Lumbar Interbody Fusion

Dinh Ngoc Son

Secretary General, Vietnam Association of Spine Surgeons, Vietnam 

Plenary Lecture I 

Sagittal Balance vs Sagittal Alignment: The Best Way 
for Sagittal Contour Assessment

Pierre Roussouly

Professor, Former, Centre Des Massues, France

How Using Sagittal Alignment to Explain PJK 
Mechanism

Pierre Roussouly

Professor, Former, Centre Des Massues, France

Invited Lecture III

Post-operative Dysphagia

Kam Kwong Wong

President, HKOA Spine Chapter, Hong Kong

Free Paper: Lumbar II

S013

The Change of Segmental Spinopelvic Sagittal 
Parameters after Total Hip Arthroplasty

Young-Bae Kim, Gyu-Bok Kang, Jung-Taek Im,  
Yeong-Yoon Koh 

Department of Orthopaedic Surgery, Veterans Health Service Medical Center, 
Seoul, Korea

Purpose: The correlation between the disease in a hip joint 
and spinal alignment is well defined as ‘hip-spine syndrome.’ 
We investigated detailed segmental changes in spinopelvic 
parameters according to the pelvic parameters after hip joint 
arthroplasty, which are not well known.
Materials and Methods: 51 patients (primary THA, without 
previous spinal or lower extremity surgery) were included. 
We measured pelvic parameters (PI, pelvic incidence; SS, 
Sacral slope; LL, lumbar lordosis, L-LL; lower lumbar 
lordosis, TK; thoracic kyphosis, TLK; thoracolumbar 
kyphosis) and the global posture parameters (C7PL: C7 
plumbline). We categorized the patients into normal PI-LL 
group<10° (group 1) and high PI-LL>10° (group 2) and 
analyzed them according to the category.
Results: There was no significant change in between C7PL 
(1.0±3.7 cm vs. 0.3 ± 4.0 cm, p=0.184), TK (-27.3°±8.3° 
vs. 27.1°±8.8°, p=0.769), TLK (12.4°±9.8° vs. 12.2°±10.7°, 
p=0.727), LL (-52.9°±9.4° vs. -53.1°±11.5°, p=0.806), L-LL 
(-39.9°±5.7° vs. -39.9°±6.9°, P=0.956), SS (36.7°±6.5° vs. 
35.9°±7.1°, p=0.357), and PI (42.5°±8.0° vs. 42.9°±8.2°, 
p=0.392) in group 1. There was no significant change in 
between C7PL (1.3±4.0 cm vs. 0.9 ± 3.9 cm, p=0.607), TK 
(19.9°±8.6° vs. 21.6°±9.4°, P=0.271), LL (-53.5°±12.9° vs. 
-53.6°±16.1°, p=0.991), SS (39.4°±10.2° vs. 40.4°±8.6°, 
p=0.468), and PI (54.4°±9.6° vs. 53.4°±9.3°, p=0.146) in 
group 2. TLK (0.8°±7.3° vs. 2.6°±7.1°, p=0.030), and L-LL 
(-30.89°±8.6° vs. -34.9°±8.4°, p=0.004) showed significant 
differences in group 2.
Conclusions: TLK and L-LL showed significant differences 
in the group of PI-LL over 10° after total hip arthroplasty. 
Keywords: Hip-spine syndrome, Total hip arthroplasty, Spinopelvic 
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alignment, Lower lumbar lordosis, Thoracolumbar kyphosis

S014

The Effect of Spinopelvic Parameters on Anterior 
Bone Graft Subsidence in Surgical Treatment of 
Pyogenic Lumbar Spondylodiscitis

Meng-Huang Wu, Yu-Kai Kuo*, Jui-Chen Hsu†,  
Yen-Kuang Lin†, Ching-Yu Lee,  Young-HoonKim‡, 
Tsung-Jen Huang, Kee-Yong Ha§

Department of Orthopaedics, Taipei Medical University Hospital, 11031, Taipei, 
Taiwan 
*Department of Medicine, Keelung Chang Gung Memorial Hospital, 20401, 
Keelung, Taiwan 
†College of Medicine, Taipei Medical University, Taipei 110, Taiwan 
‡Department of Orthopaedic Surgery, Kang-Nam St. Mary’s Hospital, College of 
Medicine, Catholic, Seoul, Korea 
§Department of Orthopaedic Surgery, Kyung Hee University Hospital at 
Gangdong, Hospital, Seoul, Korea

Purpose: Preventing anterior bone graft subsidence in 
pyogenic spondylodiscitis (PS) treated with anterior 
interbody fusion (AIF) and posterior instrumented fusion 
(PIF) is very important to prevent kyphotic deformity 
and associated functional and life quality deterioration. 
Spinopelvic parameters had been associated with mechanical 
complications in various spinal surgeries, but very few 
discussed the effect in PS. Hence, the aim of this study 
was to evaluate the effect of spinopelvic parameters on 
anterior bone graft subsidence and functional outcomes after 
AIF+PIF in PS.
Methods: This retrospective study of a prospectively collected 
database was conducted from July 2003 to December 2015. 
All patients received AIF+PIF for PS with a minimum of 
24-month follow-up. After surgeries, patients were divided 
into three groups based on the subsidence of the bone graft 
toward the adjacent vertebral body (group A: minimal 
subsidence; group B: moderate subsidence; group C: severe 
subsidence). Patient demographics, perioperative/3-month/2-
year details of spinopelvic parameters, and clinical evaluation 
were recorded. Spinopelvic parameters include kyphosis 
angle (KA), intervertebral height (VH) for the involved 
segment, pelvic incidence (PI), pelvic tilt (PT), sacral slope 
(SS), lumbar lordosis (LL), thoracolumbar kyphosis (TLK), 
as well as PI minus LL were recorded. Clinical evaluation 

was analyzed using the Oswestry Disability Index (ODI) 
questionnaire and Visual Analog Scale (VAS). 
Result: 65 patients were included in the study with total 
mean follow-up period was 35.09 ± 38.30 months. The GEE 
analysis showed that the change of LL and PI-LL in group A 
was significantly different from the change of LL in group C 
instead of group B, which recognized preoperative LL and 
postoperative PI-LL as indicators for the type of bone graft 
subsidence. On the other hand, ODI was not an indicator 
for the type of bone graft subsidence. Besides, preoperative 
ODI, postoperative 3-months VAS-back, preoperative VAS-
leg and postoperative 2-years VAS-leg are associated with 
the type of bone graft subsidence. 
Conclusions: Surgical treatment of PS to subsidence and loss 
of correction after anterior strut grafting. By evaluating LL 
before the surgery and PI-LL after surgery among patients 
with PS, the severity of bone graft subsidence could be 
predicted. Our study suggests that comprehensive radiologic 
examination combined with spinopelvic alignment evaluation 
preoperatively are indispensable.
Keywords: Pyogenic lumbar spondylodiscitis, Spinopelvic 
parameters, Strut bone graft, Subsidence

S015

Comparison of Complications and Sagittal Segmental 
Fusion Angle at Primary Instrumented Lumbar 
Fusion According to Pedicle Screw Handling Type in 
Patients Who Underwent Revision Surgery

Jin-Hyung Kim, Byung-Joon Shin, Jae-Chul Lee,  
Sung-Woo Choi, Hae-Dong Jang, Joong-Suk Cha

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

Purpose: To compare the sagittal segmental fusion angle 
and the incidence of complications in patients at primary 
instrumented lumbar fusion according to pedicle screw 
handling type in patients who underwent revision surgery. 
Materials and Methods: Among the 117 who underwent 
revision operation with primary one or two level 
instrumented lumbar fusion were selected for this study. All 
surgeries were performed by a single surgeon and followed 
up at least 1 year. Patients were divided into two groups: 
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maintenance or change of previously fixed pedicle screw 
group (Group A, n=64) and removal of previously fixed 
pedicle screw group (Group B, n=53). In this study, we 
compared two groups using Chi-squared test and Fisher’s 
test with the complications that occurred in the primary 
instrumented fusion segment after revision and the sagittal 
segmental fusion angle change measured on the sagittal 
plain radiographs. We defined those complications include 
compression fracture, nonunion and another adjacent 
segment pathology (ASP). The change in the sagittal 
segmental fusion angle was defined as the value obtained by 
subtracting the angle on the standing plain radiographs taken 
before revision and the latest outpatient visit. 
Results: In a comparison of demographic parameters among 
two groups, there were no statistically significant differences. 
The sagittal segmental fusion angle changes in Group A were 
2.0±2.5° and 1.1±1.9° in Group B (p=0.037). And also, there 
were differences between the two groups in the previously 
fused segment complications after revision including 
compression fracture, nonunion and another ASP (p=0.026). 
The occurrence of another ASP was more in Group B (34.0%) 
than Group A (18.8%) and compression fracture was more 
in Group A (4.7%) than Group B (3.8%), with no statistical 
difference. (p>0.05) However, occurrence of nonunion 
rate was higher in Group A (7.9%) than Group B (0.0%) 
(p=0.016).
Conclusions: The sagittal segmental fusion angle at primary 
instrumented lumbar fusion in plane radiographs showed 
significantly decreased in the maintenance or change of 
previously fixed pedicle screw group than removal group. 
Nonunion rate in maintenance or change of previously 
fixed pedicle screw group was higher than removal group. 
Therefore, removal of previously fixed pedicle screw at 
revision surgery was more favorable than maintenance or 
change of pedicle screw.
Keywords: Primary instrumented lumbar fusion, Revision, 
Sagittal segmental fusion angle, Complication, Nonunion

S016

A new Approach to Revision Surgery in an 
Instrumented Thoracolumbar Spine: A Feasibility 
Study of 33 Cases

Vijay H. D. Kamath

Department of Orthopaedic Surgery, Bangalore Baptist Hospital, India

Purpose: Revision surgery in an already instrumented 
thoracolumbar spine is performed through the midline 
subperiosteal muscle elevating approach. The disadvantages 
include extensive muscle damage, blood loss, post-operative 
pain and difficulty in retraction of the fibrotic muscle to 
revise implants. To overcome these disadvantages, the author 
uses a midline skin incision with bilateral transmuscular 
approach (TMA) to perform revision surgery. The aim of 
the study was to document the feasibility of using the novel 
TMA in revision surgery in an instrumented spine.
Materials and Methods: A prospective study - data of 33 patients 
who underwent revision surgery in an instrumented 
thoracolumbar spine evaluated. In the TMA approach 
a midline skin incision is made, skin flaps elevated of 
the thoracolumbar fascia bilaterally. The screw heads 
are palpated and using electrocautery the fascia and 
muscle is divided longitudinally to expose the implants. 
Cephalad/caudal extension can be performed to expose 
the landmarks for screw insertion and decompression. 
Data was compiled: etiology/ prior surgery, time taken 
to expose the implants, blood-loss during exposure, 
intraoperative implant placement difficulty, relief of 
pre-operative symptoms, appropriateness of implant 
placement on postop radiographs, and complications. 
Results: 33 revisions (20 single level extensions,13 multilevel 
including 8 degenerative lumbar scoliosis, 1 thoracolumbar-
AIS revision requiring a PSO and S2 iliac screw insertion, 
1 lumbosacral infection requiring L5 corpectomy) were 
performed using the TMA. Standard operating equipment 
and implants were used. The blood loss for the exposure 
(of the implants and levels to be fused) alone ranged from 
50 ml for a single level to 100 ml for a scoliosis revision. 
No procedure had to be changed to the classical midline 
approach. All patients with radicular pain, or back pain had 
relief in the immediate post-operative period. No major 
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difficulty was encountered in implant placement. There was 
no new neurological deficits and infections, however there 
were 2 dural tears. Drawbacks include difficulty in placing a 
rod cross connector and a “two windows” approach.
Conclusions: First study to describe this novel approach 
in revision surgery in the presence of implants. The TMA 
provides good access for decompression, instrumentation 
performance of osteotomy/corpectomy in revision surgery 
with the advantages of minimal muscle damage and blood 
loss. The procedure can be performed using standard 
operating instruments and implants keeping the cost low. We 
suggest a shift in the approach from the traditional midline 
to the TMA for revision thoracolumbar spine surgery in the 
presence of implants.
Keywords: Revision surgery, Novel approach transmuscular

Free Paper: Lumbar III

S017

Feasibility and Safety of a CaO-SiO2-P2O5-B2O3 
Bioactive Glass Ceramic Spacer in Posterior Lumbar 
Interbody Fusion: A Prospective Randomized 
Controlled Trial

Sang-Min Park, Byung-Taek Kwon*, Ho-Joong Kim,  
Jin S. Yeom

Department of Orthopaedic Surgery, Seoul National University Bundang 
Hospital, Seongnam, Korea 
*Department of Orthopaedic Surgery, Myongji Hospital, Goyang, Korea

Purpose: To compare the radiographic and clinical efficacies 
and safety of the BGS-7 spacer compared to those of the 
PEEK cage in patients who underwent posterior lumbar 
interbody fusion (PLIF). 
Materials and Methods: The participants were randomly 
assigned to receive a BGS-7 spacer or PEEK cage. VAS, 
ODI, EQ-5D, and pain DETECT scores were evaluated 
before surgery and at 3, 6, and 12 months after surgery. 
The fusion rate, degree of osteolysis, and cage migration 
and subsidence around the cage (spacer) were evaluated on 
sagittal or coronal images of reconstruction CT at 12 months 

after surgery. The primary outcome measure was the fusion 
rate on computed tomography (CT) images at 12 months 
after surgery. The secondary outcome measures were the 
visual analog scale (VAS) score for low back and lower 
extremity radiating pain, Oswestry Disability Index (ODI) 
scores, European Quality of Life-5 Dimensions (EQ-5D) 
score, painDETECT score for neuropathic pain, the degree 
of osteolysis, cage migration and subsidence around the cage 
(spacer), surgery-related outcomes, and adverse events after 
surgery. 
Results: The 12-month fusion rates were 75% in the BGS-
7 spacer group and 79.3% in the PEEK cage group, with 
no significant difference (p=0.676). The result regarding 
the non-inferiority of BGS-7 spacer was inconclusive. The 
linear mixed model showed no significant intervention 
effect in VAS pain scores, ODI scores, EQ-5D value, and 
pain DETECT score at the 3-, 6-, or 12-month follow-up. In 
addition, we found no significant between-group differences 
in the extent of osteolysis, spacer migration, spacer fracture, 
surgical site infection, and incidental durotomy. However, 
the subsidence around the cage was significantly lower in the 
BGS-7 spacer group. 
Conclusions: This trial found similar fusion rates, clinicoradio-
graphic outcomes, and adverse events between the BGS-
7 spacer and PEEK cage for PLIF. However, the non-
inferiority was inconclusive, and thus, the BGS-7 spacer 
can be a feasible and safe alternative to PEEK cage in PLIF 
surgery after further studies.
Keywords: Bioactive glass ceramic spacer

S018

Clinical Results According to Muscle Volume 
in Patients with Acute Osteoporotic Lumbar 
Compression Fracture

Yeong-Tae Kim, Tae-Kyun Kim, Dae-Jin Nam

Department of Orthopaedic Surgery, Wonkwang University Hospital, Iksan, 
Korea

Purpose: Sarcopenia is defined as the loss of skeletal muscle 
volume and weakness of strength, which can impair the 
quality of life and increase physical disability, adverse 
metabolic effects, and mortality. Recently, there are some 
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reports that muscle volume can affect the prognosis 
of fracture patients. The purpose of this study was to 
determine the effect of muscle volume on the prognosis 
of acute osteoporotic lumbar compression fractures. 
Material and Methods: From 2016 March to 2021 February, 89 
patients diagnosed with acute osteoporotic lumbar compression 
fracture who underwent L-spine MRI were included. A single 
cross-section was obtained from the inferior level of the 
endplate of the L3 vertebra of each patient through MRI. The 
muscle volume was measured through our program, and the 
skeletal muscle index (SMI, cm2/m2) value was measured. 
In male patients, the SMI value of higher than 52.4 cm2/m2 
was considered normal muscle volume and less than that was 
considered low muscle volume. In female patients, the SMI 
value of higher than 38.5 cm2/m2 was considered normal 
muscle volume and less than that was considered low muscle 
volume. The patients were divided into 46 patients without 
low muscle volume (group A), and 43 patients with low 
muscle volume (group B). The outpatient follow-up was 2, 
4 and 6 weeks. The patients who required surgical treatment 
due to the progression of pain and compression deformation 
were identified. Functional outcomes were assessed using the 
visual analog scale (VAS). Also, Radiological outcomes were 
assessed by lumbar x-ray imaging for evaluation of collapse, 
etc.
Results: In VAS, Group B showed less improved rather 
than group A. Also, In radiological assessment, Group B 
showed more fracture site collapse and fracture progression. 
As a result of these, in group B, the proportion of requiring 
surgical treatment was higher than in group A.
Conclusions: The prognosis of acute osteoporotic lumbar 
compression fractures appears to be significantly related to 
low muscle volume, which lead to aggravation of pain and 
progression of collapse, resulting in the need for surgical 
treatment. Therefore, muscle volume should be considered as 
a factor that can have a very important effect on the decision 
of the patient’s treatment direction in the outpatient.
Keywords: Sarcopenia, Muscle volume, Osteoporotic lumbar 
compression fracture

S019

L5/S1 Mild to Moderate Foraminal Stenosis and 
Clinical Outcome after L4/5 Lumbar Fusion Surgery

Hyung-Rae Lee, Jae-Hwan Cho*

Department of Orthopaedic Surgery, Uijeongbu Eulji Medical Center, Uijeongbu, 
Korea 
*Department of Orthopaedic Surgery, Seoul Asan Medical Center, Seoul, Korea

Purpose: Due to the nature of spine degenerative process, 
spondylosis cannot be limited to one level, and pathology 
is often accompanied with adjacent level. When L4/5 
posterior lumbar interbody fusion (PLIF) is planned and 
if there is a severe foraminal stenosis (FS) at L5/S1 level, 
surgery including L5/S1 level can be considered, but if 
mild to moderate FS is accompanied, it is often difficult to 
decide whether to include L5/S1 level. Furthermore, clinical 
outcome of mild to moderate foraminal stenosis at L5/S1 
level after L4/5 PLIF is unclear. Therefore, this study aimed 
to identify the destiny of remnant L5/S1 foraminal stenosis 
after L4/5 PLIF. 
Materials and Methods: One hundred and eighty-six patients 
who underwent L4/5 PLIF were divided into two groups 
according to the presence of L5/S1 foraminal stenosis 
(group NFS: no L5/S1 foraminal stenosis; group FS: L5/
S1 foraminal stenosis). The two groups were compared in 
terms of demographic, clinical, and radiological outcomes.  
Results: Of the study patients, 131 were categorized as 
group NFS and 55 as group FS. Group FS showed older age 
(p=0.039), more severe central stenosis at L5/S1 (p=0.007), 
and more severe FS at both L4/5 and L5/S1 (p<0.001 
each). Preoperative disc height (p<0.001), C7-S1 sagittal 
vertical axis p=0.003), lumbar lordosis (p=0.005), and PI-
LL (p=0.026) were more aggravated in group FS. Group FS 
showed inferior clinical outcomes at final follow up in terms 
of back pain and ODI score (p<0.001 each).
Conclusions: Compared with NFS group, FS group resulted in 
poorer clinical outcomes including back pain and ODI scores 
at the final follow-up. Mild to moderate foraminal stenosis 
at L5/S1 level shows the amount of degeneration at L5/S1 
level, which is reflected through sagittal balance before and 
after surgery, and it seems to be related to a poor clinical 
outcome. Since the remnant mild to moderate FS at L5/
S1 level accompanying L4/5 fusion surgery is a factor that 



Volume 29  •  Number  S1  •  May 2022

www.krspine.org www.krspine.org S17S16

adversely affects the clinical outcome, it should be carefully 
examined before surgery and explained to the patients.
Keywords: L5/S1 foraminal stenosis, Sagittal balance, Posterior 
lumbar interbody fusion, Clinical outcome, Adjacent segment 
disease

S020

Changes and Affecting Factors of Sagittal Alignment 
after Decompressive Laminectomy for Lumbar 
Spinal Stenosis: Analysis Using the EOS Imaging 
System

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

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

Purpose: Positive spinal sagittal alignment is known to correlate 
with pain and disability. It remains controversy that 
decompressive laminectomy for lumbar spinal stenosis (LSS) 
could improve sagittal alignment. The purpose of this study 
was to evaluate the change of sagittal alignment and identify 
the affecting factors for the improvement after decompressive 
laminectomy using the EOS imaging system.
Materials and Methods: A total of 49 patients undergoing 
decompressive laminectomy from January 2020 to December 
2020 were included in this study. Radiologic parameters 
including spinopelvic parameters, global alignments were 
assessed and compared at preoperative, postoperative 2-week 
and 6-month. Clinical parameters included numeric rating 
scale for back pain and leg pain, Oswestry disability index 
(ODI), and EQ-5D. Patients with reduction of more than 
25mm (average of at the last follow-up) in sagittal vertical 
axis (SVA) were compared with patients who had difference 
of less than 25mm to identify the affecting factors for the 
improvement of sagittal alignment.
Results: Preoperative SVA was significantly improved 
at postoperative 2-week and 6-month (49.4±51.1 mm 
vs. 31.2±45.1 mm, 49.4±51.1 mm vs. 24.5±43.8 mm, 
all p<0.05). All clinical outcomes were also improved 
at postoperative 2-week and 6-month compared with 

preoperative values (all p<0.05). ODI scores continued 
to decrease over time after surgery (52.3±20.8% vs. 
35.3±20.3% vs. 26.0±17.9%, all p<0.05). Twenty patients 
with the improvement in SVA over 25 mm had significantly 
worse preoperative SVA and ODI than 29 patients without 
improvement (68.7±46.6 mm vs. 36.1±50.5 mm, p=0.027 
for SVA, 57.5±19.2% vs. 44.1±21.0%, p=0.028 for ODI). 
Although increase of lumbar lordosis at last follow-up was 
also significantly greater in the improvement group (6.9±7.6° 
vs. -1.9±6.1°, p=0.000), the spinopelvic parameters were 
similar in both groups.
Conclusions: Decompressive laminectomy for LSS might 
improve the sagittal alignment and clinical outcomes. 
Especially, patients with preoperative worse SVA and ODI 
could have the advantage of improving global alignment 
after the surgery.
Keywords: Lumbar spinal stenosis, Decompressive laminectomy, 
Sagittal alignment, EOS imaging system

Free Paper: Lumbar IV

S021

What is the Real Culprit of a Postoperative Spinal 
Epidural Hematoma in a Hypertension Patient?

Dong-Ki Ahn, Young-Rok Ko, San Kim, Jung-Jong Seo

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

Purpose: There have been many reports that indicate 
hypertension as a risk factor of postoperative spinal epidural 
hematoma (POSEH). Some authors said that increased 
viscosity of blood in a hypertension patient was the main 
cause and others did increase systolic blood pressure at the 
time of extubation would make excess bleeding that caused 
large hematoma that cannot be drained. We would like to 
prove the real culprit of POSEH in a hypertension patient.
Materials and Methods: The patients who underwent a single 
segment lumbar decompression with a biportal endoscopic 
spine surgery technique between 2018 Aug 1 and 2021 June 
30 were reviewed retrospectively. The subjects were divided 
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into POSEH and normal group and whether the contraction 
of hypertension and pre-operative blood pressure, peak 
systolic blood pressure at the time of extubation (PSBPE), 
post-operative blood pressure that was taken at post-
operative 1-hour, hematologic factors that are related to 
blood viscosity, hematologic factors that are related blood 
clotting and medications that influence to hemostasis were 
compared. There were 352 patients were eligible to the 
present study.
Results: There were 18/352(5.1%) patients who underwent a 
revision surgery for the removal of POSEH. There were 127 
patients who did not have hypertension and 227 had been 
treated for hypertension. Among all above factors significant 
factors in single variable analysis were as follows; PSBPE 
as 154.1±18.3 mmHg in GI, 163.7±15.7 mmHg in GII 
(p=0.021); SBP-PO as 134.3±15.0 mmHg in GI, 143.0±15.5 
mmHg in GII (p=0.017); APD medication as non 275/ stop 
22/ taking 17 in GI, non12/ stop 2/ taking 4 in GII (p=0.002); 
Fibrinogen 443.6±151.7 mg/dL in GI, 391.6±88.6 mg/dL 
in GII p=0.030). The cut off values of PSBPE and SBP-
PO were set as 170 mmHg and 150mmHg respectively that 
had the widest area under the ROC curve. The significant 
factors in multivariable logistic regression test were as 
follows; PSBPE≥170 mmHg (p=0.007, Odds ratio=4.034), 
SBP-PO≥150 mmHg (p=0.040, Odds ratio=2.957) and APD 
taking (p=0.013, Odds ratio=5.048).
Conclusions: As a risk factor of POSEH, the contraction of 
hypertension itself and preoperative hypertension were not 
significant. PSBPE≥170 mmHg and SBP-PO≥150 mmHg 
increased the risk of POSEH four times and three times 
respectively and independently. Taking ADP also did it five 
times independently. To prevent the POSEH, controlling of 
systolic blood pressure at the time of extubation and few 
hours after the operation is more important than controlling it 
before the operation.
Keywords: Postoperative spinal epidural hematoma, Hypertension, 
Systolic blood pressure

S022

Lateral Lumbar Interbody Fusion (LLIF) and 
Percutaneous Screw Fixation Showed Lower 
Incidence of Radiological Adjacent Segment 
Pathology (ASP) than Posterior Lumbar Interbody 
Fusion (PLIF) and Open Pedicle Screw Fixation

Jae Chul Lee, Hak-Soo Kim, Jin-Hyung Kim,  
Byung-Joon Shin, Sung-Woo Choi, Hae-Dong Jang

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

Purpose: To determine the incidence and risk factors of 
radiological adjacent segment pathology (ASP) among 
patients treated with spinal fusion for degenerative 
lumbar disease,  this study aimed to compare the 
incidence of ASP through radiographs according to 
fusion method: Lateral lumbar interbody fusion (LLIF) 
and percutaneous screw fixation versus posterior lumbar 
interbody fusion (PLIF) and open pedicle screw fixation  
Materials and Methods: We reviewed the medical records 
and radiographs retrospectively of 107 patients who were 
followed up for more than 1 year (mean, 45.8 months) 
after spinal fusion of one or two segments. The mean age 
at index operation was 62.8 years (range, 29-86). The 
number of patients treated by LLIF and PLIF were 51 and 
56 respectively. The two group were compared in terms 
of demographic, clinical, and radiological outcomes. We 
measured lumbar lordosis, dynamic segmental angle, 
disc height of adjacent level, and observed listhesis and 
compression fracture of adjacent segment to evaluate the 
presence of radiological ASP on plain radiographs. Facet 
arthropathy was evaluated on preoperative and postoperative 
1 year follow-up CT using Weishaupt grade. We assumed 
that Grade 0 and 1 was normal whereas grades 2 and 3 had 
facet arthropathy. Clinical outcome was evaluated by VAS 
score and Oswetry disability index at preoperative and 
postoperative 1 year respectively.
Results: Facet arthropathy in the LLIF group showed 
significantly lower incidence than PLIF group (p=0.0059). 
However, there were no significant difference in VAS and 
ODI score at preoperative and postoperative 1 year between 
two groups. The mean postoperative segmental lordosis was 
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17.9 after LLIF and 26.8 in PLIF and it was significantly 
different (p<0.001). However, overall lumbar lordosis 
showed no significant difference between two groups. There 
were no significant differences in demographic and other 
radiographic parameters between two groups. 
Conclusions: In this study, the patients treated with LLIF 
and percutaneous screw fixation showed lower incidence 
of radiological adjacent segmental pathology than posterior 
lumbar interbody fusion and open pedicle screw fixation. 
It was thought that preservation of muscle and ligamentous 
structures might have protected effect for development 
of radiological ASP. However, the clinical outcomes 
between two groups had no significant differences. 
Keywords: Radiological adjacent segment pathology, Risk 
factors, Lateral lumbar interbody fusion, Posterior lumbar 
interbody fusion, Facet arthropathy

S023

Midterm Outcomes of Muscle-Preserving Posterior 
Lumbar Decompression via Sagittal Splitting of the 
Spinous Process: Minimum 5-Year Follow-up

Hee-Jung Son, Hyoung-Min Kim, Bong-Soon Chang,  
Sam-Yeo Chang, Hwan-Seong Park

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

Purpose: The purpose of this study was to report the clinical 
and radiological midterm outcomes of muscle-preserving 
posterior decompression via sagittal splitting of the spinous 
process for degenerative lumbar spinal stenosis.
Materials and Methods: Patients who underwent spinous 
process-splitting decompression for lumbar spinal stenosis, 
from September 2014 to March 2016, and had at least 5 years 
of follow-up been analyzed retrospectively. Visual analogue 
scale for back pain, leg pain, Oswestry disability index, and 
walking distance were used to assess clinical outcomes at the 
preoperative and final follow-up. For radiological outcomes, 
spinopelvic parameters including pelvic incidence, pelvic tilt 
(PT), sacral slope (SS), lumbar lordosis (LL), and sagittal 
vertical axis were measured before and final follow-up after 
surgery. Additionally, slip in netural position, anterior flexion-
neutral translation, and posterior extension-neutral translation 

were measured. Reoperation rate at the index levels were 
evaluated, and predictive risk factors for reoperation were 
determined using multivariate logistic regression.
Results: A total of 42 patients and 70 levels were enrolled. All 
clinical outcomes had improved significantly at final follow-
up compared with initial visit (p<0.05). SS and LL increased, 
and PT decreased significantly at the last follow-up (p<0.05). 
Slip in netural position, anterior flexion-neutral translation, 
and posterior extension-neutral translation showed no 
difference between preoperative and final follow-up. There 
was only one case of lumbar instability at the final follow-
up. 5 patients (11.9%) underwent reoperation at a mean of 
4.4 years after the initial surgery. There were no significant 
risk factors for reoperation, however, preoperative severity of 
foraminal stenosis had an odds ratio of 7.556 (p=0.064).
Conclusions: Muscle-preserving posterior decompression 
via sagittal splitting of the spinous process for degenerative 
lumbar spinal stenosis showed favorable clinical and 
radiological outcomes in midterm follow-up, although there 
was a trend for reoperation in patients with preoperative 
severe foraminal stenosis.
Keywords: Degenerative lumbar spinal stenosis, Decompression, 
Spinous process splitting

S024

Validation of Digital-Online Based Clinical 
Questionnaire in the Lumbar Spine

Jae-Hyuk Shin, Kee-Won Rhyu, Eun-Jeong Min*,  
Kwan-Soo Lee 

Department of Orthopedic Surgery, St. Vincent’s Hospital, College of Medicine, 
The Catholic University of Korea, Suwon, Korea 
*Department of Medical Life Sciences, College of Medicine, The Catholic 
University of Korea, Seoul, Korea

Purpose: Clinical questionnaire presents essential data in the 
lumbar spinal clinical studies. Oswestry Disability Index 
(ODI) and Visual Analog Scale (VAS) are widely accepted 
in assessing lumbar clinical follow-up. Conventional 
questionnaire in the analog paper system practically demands 
significant human works. Digitalization online of the process 
could enhance the efficiency of the process. We assessed 
the clinical reliability in a digital-online-based clinical 
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questionnaire of the ODI-VAS in low back pain patients. 
Materials and Methods: Questionnaires on ODI and VAS to 
the low back and the lower extremity were administered 
via digital-online and analog paper system to the patients 
with lumbar spine diseases (N, total=269). Digital –online 
platform was made in google-questionnaire. Inclusion 
criteria were communicable low back patients hospitalized 
as in-patients (N=35, Digital: Analogue=16:19) and visited 
the outpatient clinic (N=234, Digital: Analogue=99:135). 
Exclusion criteria were incommunicable patients. We 
assessed the internal consistency with Cronbach’s alpha 
score of ODI-VAS questionnaires in the digital vs. analog 
analysis of the hospitalized and outpatient clinic patients.
Results: In the hospitalized group, the Cronbach’s alpha 
scores of ODI in digital vs. analog was 0.911 vs. 0.924 (post 
hoc p-value, 0.7673). The Cronbach’s alpha scores of VAS 
in digital vs. analog was 0.703 vs. 0.827 (post hoc p-value, 
0.4560). In the outpatient group, the Cronbach’s alpha 
scores of ODI in digital vs. analog was 0.908: 0.899 (post 
hoc p-value, 0.6516). The Cronbach’s alpha scores of VAS 
in digital vs. analog was 0.776 vs. 0.706 (post hoc p-value, 
0.3126).
Conclusions: This study suggests that the digitalized 
questionnaire of ODI and VAS offers reliable internal 
consistency as the conventional paper questionnaire. The 
internal consistency of digital online and analog paper 
questionnaires is comparable to each other. The study implies 
that digitalization in the clinical questionnaire may well be 
further encouraged.
Keywords: Low back pain, Questionnaire, Digital, Online, 
ODI
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S049

Cranio-Caudal Asymmetries in Trabecular 
Architecture: Cadaveric and Clinical Study

Young-Hun Lee, Dong-Eun Shin, Soon-Chul Lee

Department of Orthopaedic Surgery, CHA Bundang Medical Center, Seongnam, 
Korea

Purpose: Osteoporotic vertebral fractures commonly involve 
the superior portion of the vertebral body, but the associated 
causes have not been clearly established yet. The purpose of 
this study is to determine structural differences between the 
superior and inferior portions of the vertebral bodies in the 
lumbar spine by analyzing cadaveric and clinical studies.
Materials and Methods: Nine cadaveric vertebral bodies 
(L2 to L4) were removed from 3 cadavers. The trabecular 
structure was analyzed by using micro-computed 
tomography (CT), and biomechanical test. During the period 
from January 2010 to December 2015, 192 vertebral bodies 
were included to analyze CT based bone volume and BMD. 
We performed finite element analysis (FEA) to modeling 
and mechanical simulation using data from lumbar spine CT. 
During the period from July 2021 to December 2021, 200 
subjects aged ≥ 55 years also underwent a lateral DEXA scan 
after identification of the superior and interior end plates of 
the vertebral bodies in the lumbar spine.
Results: Results from the cadaver studies revealed a 
trabecular bone volume fraction of 17.29% in the superior 
and 19.74% in the inferior (p=0.02). The BMD of superior 
and inferior portion of body were 0.30 g/cm3 and 0.41 g/
cm3, respectively (p<0.01). Limitation of compression force 
were measured 3.44 N/m2 of superior portion and 4.64 N/
m2 of inferior portion (p=0.015) in mechanical study. In 
FEA study, limitations of stress were 4.11 N/m2 of superior 
portion and 5.65 N/m2 of inferior portion (p<0.01). In clinical 
CT based bone volume and BMD study, result BMD were 
210.33 mm3, 58.14 g/cm3 (L2 upper), 251.32 mm3, 60.18 g/
cm3 (L2 lower), 213.89 mm3, 55.26 g/cm3 (L3 upper), 260.02 
mm3, 53.21 g/cm3 (L3 lower), 214.89 mm3, 55.52 g/cm3 
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(L4 upper), 241.44 mm3, 57.70 g/cm3 (L4 lower). In clinical 
study, the regional BMD of the remaining 600 vertebral 
bodies was compared and the mean BMD of the superior 
portion of vertebral bodies was 0.49 g/cm3 while the inferior 
portion of vertebral bodies was 0.54 g/cm2 (p=0.043).
Conclusions: The superior structure of lumbar vertebral 
bodies in osteoporotic patients was found to possess 
biomechanical susceptibilities in comparison with the 
inferior structure, confirming its dominant role in causing 
osteoporotic vertebral fractures.
Keywords: Vertebra, Osteoporosis, Fracture, Lumbar, BMD

S050

Intelligent Evaluation of Global Spinal Alignment by 
a Decentralized Convolutional Neural Network

Sung-Hoon Choi, Thong Phi Nguyen*, Ji-Won Jung,  
Yong-Jin Yoo, Chang-Nam Kang, Jong-Hun Yoon*

Department of Orthopaedic Surgery, Hanyang University Seoul Hospital, Seoul, 
Korea 
*Department of Mechanical Engineering, BK21 FOUR ERICA-ACE Centre, 
Hanyang University, Vietnam

Purpose: The purpose of this study was to evaluate the accuracy 
of the decentralized convolutional neural network (dCNN) 
algorithms to locate required key points and consequently 
measure the spinal alignment based on 12 parameters 
distributed throughout the cervical, thoracic, and lumbar spine.
Materials and Methods: The images for parameter measurement 
included 500 whole spine lateral radiographs from 500 patients 
were analyzed. The three regions of interest representing 
the cervical spine, lumbar spine, and femoral heads sections 
were detected by dCNN. Based on the position of key points 
detected by the proposed method, 12 sagittal parameters 
were calculated. To verify the performance of the proposed 
method, which was evaluated according to consistency with 
conventional manual measurements from experts, 30 spinal 
sagittal X-ray images that were not included in the training 
dataset were utilized. The considered alignment parameters 
of all test cases were manually measured by two experienced 
medical doctors and the mean values were determined as the 
standard references to ensure the reliability of the validation 
process. To validate the consistency between the performance 

of the developed method and the manual measurements 
of the experienced doctors, the correlation coefficient and 
coefficient of determination between the two measurements 
were analyzed.
Results: The method achieved the highest correlation in 
case of L1 incidence (L1I). However, the method appeared 
to have difficulties in measuring T1-related parameters, 
particularly the correlation coefficients of 0.584 for T1 slope 
(T1S) and 0.751 for C2-C7 lordosis (C27L). This difficulty 
also was observed in the mean absolute error (MAE) and 
standard deviation of absolute error, of which the lowest 
value was 1.156° for pelvic tilt (PT), and the largest error 
was from C27L. The proposed method shows efficiency in 
measuring PT, L1I, L1 slope, and pelvic incidence (PI), with 
the detection rate for these angles reaching 0.8 with an error 
threshold of 3.5°, especially low at 2° in the case of PT. In 
addition, the visualized results of the T1-related parameters 
are incommensurate to the remaining results when they 
achieved a 0.8 detection rate at an error threshold of 8° in the 
C27L and 9° for T1 incidence and T1S.
Conclusions: The quality of the proposed method was recorded 
with good results for 10 of 12 parameters, while the gap of the 
accuracy of the two remaining parameters was determined to 
be an effect of inevitable local noise in the images.
Keywords: Machine learning, Convolutional neural network, 
Sagittal alignment, Angular parameter, Pelvic incidence

S051

“Sit-to-Stand” Functional Mobility Test Can Predict 
Proximal Junctional Kyphosis after Surgery for 
Adult Spinal Deformity

Oh-Sang Kwon, Ho-Joong Kim, Dae-Woong Ham*, 
Sang-Hoon Lee 

Department of Orthopaedic Surgery, Seoul National University Bundang 
Hospital, Seongnam, Korea 
*Department of Orthopaedic Surgery, Chung-Ang University Hospital, Seoul, 
Korea

Purpose: The purpose of this study was to find out how 
functional mobility of the patients affects the incidence of 
proximal junctional kyphosis and failure after the surgical 
correction of adult spinal deformity (ASD).
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Materials and Methods: A total of 82 patients who underwent 
reconstructive spinal surgery for ASD from July 2019 to 
November 2020 were included in this study. Four types of 
functional mobility tests were done preoperatively, which 
were timed up and go test, sit-to-stand test, six-meter-walk 
test, and alternate step test. Postoperative follow-up visits 
were done at 3 months, 6 months, and 12 months after 
surgery. Occurrence of PJK and PJF were monitored. And 
ODI, EQ-5D, and VAS for back pain were surveyed as 
of patient reported outcome measures of the surgery. The 
primary outcome measure PJK and PJF incidence. Statistical 
analyses were done regarding the incidence of PJK by 
introducing cutoff values for each functional mobility tests.
Results: Five times sit-to-stand test could distinguish patients 
who were prone to develop proximal junctional kyphosis 
(AUC of ROC curve = 0.638, p<0.001) with a cutoff value of 
14.23 seconds. Proximal junctional failure was also absent in 
patients who could perform five times sit-to-stand test under 
10 seconds (p<0.238).
Conclusions: High functional mobility of performing five 
times sit-to-stand test within 14.23 seconds leads to less 
occurrence of proximal junctional kyphosis and failure. 
Surveillance of these patients and providing additional 
procedures for prevention of PJK is anticipated to improve 
surgical outcome of adult spinal deformity correction
Keywords: Functional mobility, Sit-to-stand, Adult spinal 
deformity, Proximal junctional kyphosis, Surgical outcome

S052

Re-operation Rate of Vertebroplasty/ Kyphoplasty 
According to Osteoporosis Drugs Used after 
Vertebroplasty/ Kyphoplasty in Vertebral Fracture 
from Nationwide Health Insurance Database

Sub-Ri Park, Ji-Won Kwon, Seoung-Hwan Moon,  
Hak-Sun Kim, Byung-Ho Lee, Kyung-Soo Suk,  
Jin-Oh Park, Sang-Jun Park, Joong-Won Ha*, Yung Park*, 
Jae-Won Shin*

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

Purpose: We used the National Health Insurance and Health 

Insurance Review and Assessment databases (NIH data) to 
compare and analyze the use of osteoporosis drugs and the 
differences in re-fracture rates and re-operation rates among 
patients who underwent Vertebroplasty/ Kyphoplasty (VP/
KP) for vertebral fractures.
Materials and Methods: From 2006 to 2017, VP / KP patient 
data performed in South Korea using NIH data was used in 
this study. Diagnosis and treatment for vertebral fractures 
was extracted using the ICD-10 code. Based on this, we 
analyzed re-operation rates for the usage of osteoporosis 
drugs and each osteoporosis drugs used for patients who 
underwent VP / KP treatment for vertebral fractures from 
January 2012 to December 2012 and were re-operated due to 
the fracture again.
Results: In 2012, a total of 9070 patients were treated for 
vertebral fractures, 3289 patients took osteoporosis drugs, 
and 5781 did not. There were 5125 patients who used 
Bisphosphonate (BP) drug, 326 patients who used Selective 
Estrogen Receptor Modulator (SERM) drug, and 294 
patients who used Vitamin D or Calcium. Re-operation was 
performed in 217 (6.6%) of the patients who did not take the 
osteoporosis drug and 467 (8.1%) of the patients who took 
the osteoporosis drug. By drug, 7.7% of patients taking BP, 
8.6% of patients taking SERM, and 13.3% of patients taking 
Vitamin D or Calcium underwent re-operation. As a result of 
synthesizing gender, age, drug adaptability, CCI, etc., the re-
operation rate appeared to be the lowest among the patients 
who took SERM, followed by the patients who took BP, 
Vitamin D or Calcium.
Conclusions: Among the patients who underwent VP / KP 
treatment for vertebral fractures, the re-operation rate was 
high in patients who were diagnosed osteoporosis and taking 
the drugs, but re-operation rate was low in patients who has 
better compliance of osteoporosis drugs. When comparing by 
osteoporosis drugs, The patients who were taking SERM had 
the lowest re-operation rate compared to the patients who 
were taking BP, vitamins or Calcium.
Keywords: Reoperation rate, Vertebroplasty, Kypoplasty, 
Ostoeoprotic vertebral fracture, Osteoporosis drugs
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S053

Surgical Strategy-Oriented Classification for the 
Patients with Severe Dynamic Sagittal Imbalance

Sung-Min Kim, Yong-Chan Kim, Ki-Tack Kim,  
Kee-Yong Ha, Qiang Luo, Xiongjie Li, Kyeong-Uk Min, 
Jun-Bum Park, Young-Jik  Lee

Department of Orthopaedic Surgery, Kyung Hee University Hospital at 
Gangdong, Seoul, Korea

Purpose: To analyze the characteristics of the patients with severe 
dynamic sagittal imbalance (DSI), develop a comprehensive 
classification, and raise optimal surgical strategy for each condition.  
Materials and Methods: Prospectively, 193 patients with a 
mean age of 65.2 years (62-84 years) from 2017 to 2019 
were tracked after surgical treatment for severe dynamic 
sagittal imbalance that was defined as C7SVA becomes 
greater than 20cm within 30 seconds after walking or 
standing in addition to rigid lumbar curve less than 10° in 
dynamic lateral radiographs and more than 75.3° of PI-LL 
in previous our study. The characteristic is mainly based 
on radiographic findings. It is classified according to three 
criteria: the location of the apex, depending on combined 
compression fracture and stiffness of apex segment. The 
receiver operating characteristic (ROC) curves were plotted 
to evaluate the cut-off value of compression rate (CR) of 
vertebral body. The patients were categorized into 1 of three 
groups according to the surgical strategy (anterior column 
realignment, ACR; posterior spinal fixation, PSF; pedicle 
subtraction osteotomy, PSO) implemented: ACR+ PSF, 
ACR+PSO+PSF, PSO+PSF. Time-dependent radiographic 
analysis with spinopelvic sagittal parameters from each 
group was assessed and compared with each other using 
ANOVA.
Results: The patients with severe dynamic sagittal imbalance 
can be mainly divided into 2 types according to the location 
of the apex: Type I (thoracolumbar; T12, L1, or L2), Type II 
(lumbar; L3, L4, or L5), and the following modifiers were 
identified as potentially influencing the choice of surgical 

strategy: A; CR ≤60% in thoracolumbar or ≤30% in lumbar 
and B; >60% in thoracolumbar or >30% in lumbar based on 
the cut-off value of CR of vertebral body (95% CI, p<0.001) 
and rigid or fused of apex segment (-, or +). Either Type I 
or Type II is further divided into four subtypes: Type IA-, 
Type IA+, Type IB-, Type IB+, Type IIA-, Type IIA+, Type 
IIB, and Type IIB+. A surgical strategy was proposed to deal 
with each situation combining the different patterns and their 
modifiers by an expert’s opinion consensus. At final follow-
up, C7SVA (p=0.121), lumbar lordosis (LL) (p=0.665), and 
pelvic tilt (p=0.096), and PI-LL mismatch (p=0.701) were 
similar among three groups according to surgical strategy. 
Conclusions: This surgical strategy-oriented classification can 
be used effectively to decide preoperative surgical planning 
for the patients with severe dynamic sagittal imbalance.
Keywords: Severe dynamic sagittal imbalance, Characteristics, 
Classification, Surgical guideline

S054

The Role of Wnt Signaling and Homeostasis of 
Extracellular Matrix in the Intervertebral Disc Cells

Jae-Won Shin, Hak-Sun Kim*, Sang-Jun Park*,  
Sun-Kyu Kim†, Young-Mi Kang*, Gun-bo Park*,  
Ji-Won Kwon*, Yung Park, Quen He*

Department of Orthopaedic Surgery, National Health Insurance System, Ilsan 
Hospital, Goyang, Korea 
*Department of Orthopedic Surgery, Yonsei University College of Medicine, 
Seoul, Korea 
†Department of Orthopaedic Surgery, National Medical Center, Seoul, Korea

Purpose: With this PKC activation, we investigated the 
homeostasis of extracellular matrix on human NP cells with 
beta-catenin and want to find a mechanism that can prevent 
the degeneration.
Materials and Methods: Human NP cells were collected during 
surgery from pts and cultured. The NP cells were seeded at a 
cell density of 70 cells cm-1 for protein and RNA isolation in 
condition treated with PMA (200nM) for 24 hours. Western 
blot was performed to detect expressions of MMP1, MMP13, 
TIMP1, ADAMTS5, TRPV4, interluekin6 and b-catenine 
and RT-PCR was used to confirm type II collagen, aggrecan, 
GLUT-1, and GAPDH at the mRNA. Also, ELISA was 
accomplished to interleukin 6 and PG E2.
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Results: Type II collagen, aggrecan, GLUT-1 and GAPDH 
expression at the mRNA were increased. MMP1, MMP13, 
TIMP1, TRPV4, interleukin6, and ADAMTS5 expression at 
the protein were also increased. Beta-catenin also increased, but 
the increase was small compared to other extracellular matrices.  
Conclusions: The PKC mechanism activated by PMA induces 
the activity of enzymes involved in homeostasis of extracellular 
matrix such as MMP1, MMP13, TIMP1, and ADAMTS5. 
The PMA may stimulate PG E2 and IL 6 participated in the 
inflammatory response. It could result in stabilization of 
extracellular matrix on the NP cells. However, it is not clear 
whether this increase is through the Wnt pathway, and further 
research is needed.
Keywords: Wnt signal, Nucleus pulposus, Protein kinase C

S055

Defect-specific 3D Printed CDHA Scaffold Hardening 
in an Aqueous Solution at Physiological Equivalent 
Temperature for Bone Restoration

HaoZhen Lyu, Quanzhe Liu, Bin Xu, Minjun Cho*,  
Jae Hyup Lee*

Department of Orthopaedic Surgery, Seoul National University College of 
Medicine, Seoul, Korea 
*Department of Orthopaedic Surgery, Seoul National University Boramae 
Medical Center, Seoul, Korea

Purpose: In the clinic, the critical-size bone defects present 
irregular shapes to increase the difficulty of perfect covering 
the bone defect. Three-dimensional (3D) printing technology 
could fabricate a construct according to desirable geometry 
and interior architecture based on the computer-aided design 
(CAD). Alpha-tricalcium phosphate (α-TCP) has been widely 
used for bone restoration as a bone substitute and could 
transform to a calcium-deficient hydroxyapatite (CDHA) 
under the aqueous condition without sintering.
Materials and Methods: We designed the irregular critical-
size bone defect on the rabbit skull and performed micro-
CT scanning to obtain the datasheet for constructing the 
customized digital scaffold. The 3D scaffold was designed 
in that the upper part was printed plane structure to mimic 
the flat bone and the inferior part was printed grid structure 
to mimic the cancellous bone. α-TCP paste was used to 

print the 3D scaffold according to the customized digital 
scaffold by 3D printing technology. We made the irregular 
critical-size bone defects on the rabbit skulls and implanted 
the 3D CDHA scaffolds and rhBMP-2 loaded 3D CDHA 
scaffolds in the defects. After 9 weeks feeding, the calvarias 
were harvested to evaluate the osteogenic efficacy of the 3D 
printing CDHA scaffold and the rhBMP-2 loaded on it.
Results: 3D printed scaffolds had no cracks and no 
deformations. The upper part of the scaffolds kept a plane 
structure, and the lower part of the scaffolds maintained a 
mesh structure. In the Blank group, a little bone mass was 
formed in the central and/or edge of the defect. However, in 
the CDHA and BMP-2 groups, the bony tissue were attached 
to scaffolds and grew into the scaffolds to cover the defects. 
In micro-CT evaluation, the new bone volume in the BMP-2 
group was significantly higher than that in the CDHA group 
and the Blank group. Additionally, the difference of the BV 
between the CDHA group and the Blank group also has a 
statistical significance. The histological result was revealed 
the same trend of BV in the defect site as the micro-CT 
presentation.
Conclusions: The defect-specific 3D CDHA scaffold could 
be obtained by the hardening process at 37℃ in an aqueous 
solution. The designed geometry of the 3D CDHA scaffold 
was maintained and coincided with the irregular defect. 
The defect-specific 3D scaffold could perfectly restore the 
anatomical structure and be used as a carrier of drugs or 
cells.
Keywords: 3D printed, Calcium-deficient hydroxyapatite, 
Computer-aided design, Bone restoration

S056

Double Dome Laminoplasty: A Novel Technique for 
C2 Decompression

Jong-Min Baik, Dong-Ho Lee*

Department of Orthopaedic Surgery, Gil Medical Center, Gachon University 
College of Medicine, Incheon, Korea 
*Department of Orthopaedic Surgery, Asan Medical Center, Ulsan University 
College of Medicine, Seoul, Korea

Purpose: To introduce a new surgical technique - double 
dome laminoplasty for decompression of the entire C2 
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lamina and preservation of an extensor muscle insertion.
Materials and Methods: Eleven consecutive cervical 
myelopathy patients due to OPLL involving the Axis (C2) 
area were contained at this study. Direct decompression 
was evaluated as an increasing rate in space available cord 
(%) and posterior cord shift (mm) at C2 level. The Japanese 
Orthopadic Association score, visual analog scale, and C2-7 
Cobb angle in a neutral lateral X-ray were analyzed.
Results: The mean increase in SAC at the C2 level, average 
posterior cord shift, and JOA recovery rate were 69.7%, 
5.3±0.15 mm, and 58.0%, respectively. Cervical lordotic angle 
was maintained in all patients. One patient reported neck pain 
(VAS 6) postoperatively. No specific complications such as C2 
laminar fracture or insufficient decompression were observed.
Conclusions: We recommend double dome laminoplasty 
for treating patients with cervical myelopathy involving 
the C2 area to avoid C2 laminectomy, reduce postoperative 
neck pain, and maintain lordotic cervical spine alignment. 
Keywords: C2, Myelopathy, OPLL, Dome laminoplasty

Best Paper Candidates 
Presentation III (Domestic)

S057

Time-dependent Changes in Stiffness-related 
Functional Disability (SRFD) after Long Segmental 
Fusion in Elderly Patients with Adult Spinal 
Deformity: Minimum 2-year Follow-up Results

Jin-Sung Park, Se-Jun Park, Chung-Youb Jeon,  
Chang-Hyun Ma, Tae-Soo Shin

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

Purpose: Stiffness-related functional disability (SRFD) is a 
frequently encountered problem after long-segmental fusion 
in patients with adult spinal deformity (ASD). Although 
several studies were performed to measure SRFD after 
fusion surgery, we do not know whether the disability will 
stay the same, worsen or improve over time. Therefore, 

this study aims to evaluate the time-dependent trend of 
SRFD after long segmental fusion for ASD and to look for 
any factors affecting the time-dependent change in SRFD. 
Materials and Methods: One hundred sixteen patients who 
underwent more than 4-segment fusion from the sacrum 
for ASD were included. All patients in this study could 
be followed up more than 2 years and completed Specific 
Functional Disability Index (SFDI) questionnaire. SFDI 
consists of 4categories (sitting on the floor, sanitation 
activities, lower body activities, and moving activities), each 
containing three questions, making a total of 12 components of 
the questionnaire. The SFDI scores taken at 3 months, 1 year, 
2 years postoperatively, and at the last follow-up were used 
for the analysis. The changes in scores for each item, category, 
and total sum of SFDI were evaluated at these time intervals.
Results: Total sum of SFDI scores significantly improved 
from 32.8 at 3 months to 29.0 at the last follow-up. Among 
the four categories of SFDI, sitting on the floor category 
showed the highest scores followed by lower body activities, 
sanitation activities and moving activities at all-time points 
of the study. All category except for sitting on the floor 
showed significant improvement from 3 months until the last 
visit. Among the 12 items of SFDI, eight showed significant 
improvements at the last visit when compared to scores 
at 3 months and this improvement was most pronounced 
between 3 months and 1 year postoperatively. Patients with 
lower American Society of Anaesthesiologists (ASA) grades 
experienced more improvement in moving activities and total 
sum of SFDI. However, there was no correlation between the 
changes in radiographic parameters and changes in SFDI.
Conclusions: SRFD was highest at 3 months postoperatively, 
but it improved over time until the last follow-up except for 
sitting on the floor category. The improvement was observed 
greatest between 3 months and 1 year postoperatively. 
Patients with less ASA grade experienced more improvement 
in SFDI. However, there was no correlation between the 
changes in radiographic parameters and those in SFDI.
Keywords: Stiffness related functional disability, Specific 
functional disability index, Time-dependent change, Adult 
spinal deformity, Long segment fusion
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S058

Comparative Experimental Study on Changes 
in Serum Bone Turnover Markers and Bone 
Mineralized Density According to Osteoporosis 
Drugs after Bony Manipulation in Rabbit Model

Ji-Won Kwon, Yung Park*, Jae-Won Shin*, Sang-Jun Park, 
Sa-Hyun Sung†, Soo-Bin Lee‡, Joong-Won Ha*,  
Kyung-Soo Suk, Hak-Sun Kim, Seong-Hwan Moon, 
Byung-Ho Lee

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea 
*Department of Orthopaedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
†Department of Orthopaedic Surgery, Ewha Womans University College of 
Medicine, Seoul, Korea 
‡Department of Orthopaedic Surgery, Catholic Kwandong University College of 
Medicine, Incheon, Korea

Purpose: There are no or insignificant animal studies on the 
degree of bone formation and pull-out strength of internal 
fixtures due to the effects of each drug on bone formation 
and osseointegration.
Materials and Methods: Twelve rabbits of a 24-week-old, 
average weight 4 kg, female, were subjected after a one-
week acclimatization process. Three were defined as a 
negative control group, and after a total of 7 weeks of 
breeding, the lumbar and femur bones were separated and 
stored in 4% paraformaldehyde solution at room temperature 
(4°C). Iatrogenic osteoporosis was induced by intramuscular 
injection of 8 mg/kg of methylprednisolone succinate sodium 
(Predisole®) once a week for a total of 7 weeks. 2.3 mm 
cancellous screws were inserted into both iliac bones of all 
rabbits using a hand driver, and this was defined as bony 
manipulation. Afterwards, 3 were classified into a control 
group injected with only Predisole, 3 were injected with 
Predisole+Denosumab (Prolia®), and 3 were treated with 
Predisole+Denosumab (Prolia®) and Teriparatide (Forsteo®). 
The lumbar and femur of rabbits administered according 
to each osteoporotic agent were isolated for 3 weeks and 
DEXA was performed. Then, through enzyme-linked 
immunosorbent assay (ELISA), bone turnover markers 
(N-telopeptide of collagen type 1; NTX, C-telopeptide 
of collagen type 1; CTX, Procollagen type 1 N-terminal 
propeptide; PINP, and osteocalcin) were analyzed and 

compared.
Results: As a result of BMD of ROIs 6, 7, and 8 corresponding 
to the lumbar spine, BMD compared to control It was 
confirmed that the level was increased, and the synergistic 
effect was higher in the group administered with Forsteo and 
Prolia in combination. (Mean BMD at ROI 7: Neg. Control 
0.219±0.028, Fosteo 0.243±0.016, Fosteo+Prolia 0.280±0.050) 
As a result of ELISA, in PINP, the group treated with Prolia 
was 620 pg/ml at post-manipulation 3weeks, which was 
0.9 times higher than the baseline, and 634 pg/ml in the 
Prolia+Forsteo group, which was 1.4 relative to the baseline.
Conclusions: Through an in vivo study of a rabbit model that 
induced osteoporosis, it was found that when denosumab and 
teriparatide were administered in combination, the degree 
of improvement in the biomechanical properties predicting 
bone formation was greater.
Keywords: Bone turnover marker, Bone mineralized density, 
Osteoporosis, Rabbit

S059

Significance of Paraspinal Sarcopenia Between Single 
and Multiple Osteoporotic Vertebral Fractures: 
Comparative Analysis for Paraspinal Muscle Quality

Hong-Jin Kim, Dong-Gune Chang, Jin-Hyok Kim,  
Se-Il Suk, Yun-Jin Nam*, Jae-Hyuk Yang*,  
Seung-Woo Suh*

Department of Orthopaedic Surgery, Inje University Sanggye Paik Hospital, 
Seoul, Korea 
*Department of Orthopaedic Surgery, Korea University Guro Hospital, Seoul, 
Korea

Purpose: To compare paraspinal muscle qualities between 
single and multiple osteoporotic vertebral fractures (OVFs) 
and elucidate the role of paraspinal muscle in OVFs
Materials and methods: A total of 262 consecutive patients 
who diagnosed OVFs were retrospectively analyzed in two 
groups according to single and multiple OVFs: single OVF 
(n=173) and multiple OVF (n=89) groups. Radiological 
parameters were included in bone mineral density (BMD), 
fracture location, type, magnetic resonance imaging 
(MRI) type, presence of intravertebral vacuum cleft sign, 
and vertebral collapse. To investigate paraspinal muscle 
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quality, measurements of the cross-sectional area (CSA) 
and fatty degeneration (FD) of the paraspinal muscles were 
calculated from axial T2-weighted MRI at the level of the 
upper endplate L4 by manual tracing using ImageJ software. 
Logistic regression analysis was performed to analyze the 
risk factors associated with multiple OVFs.
Results: The vertebral collapse is significantly higher in 
multiple OVF (42.6%) than in single OVF (35.2%) (p=0.005). 
For paraspinal quantity, relative CSA (rCSA) of multifidus 
significantly higher in single OVF (31.9%) than in multiple 
OVF (23.2%) (p<0.001). However, rCSA of erector spine 
significantly higher in multiple OVF (31.9%) than in 
single OVF (23.2%) (p<0.001). There were not statistically 
significant for rCSA of psoas major and quadratus lumborum 
between two groups, respectively (all Ps>0.05). For 
paraspinal quality, FD of all paraspinal muscles significantly 
higher in multiple OVF than in single OVF (all Ps<0.005). 
The functional CSAs (fCSA) of multifidus, psoas major, and 
quadratus lumborum significantly lower in multiple OVF 
than in single OVF. The multivariate logistic regression 
analysis showed that rCSA of multifidus (odd ratio [OR] = 
1.366, p<0.001), fCSA of erector spine (OR=1.366, p<0.001) 
and quadratus lumborum (OR=1.051, p<0.001) were risk 
factors for multiple OVFs.
Conclusions: The quantity of multifidus, the quality of 
erector spine and quadratus lumborum were important factor 
for multiple OVFs compared to single OVF. Therefore, 
management of paraspinal sarcopenia along with fracture 
treatment should be needed to prevent multiple OVFs.
Keywords: Osteoporotic vertebral fractures, Paraspinal 
muscle quality, Spine, quadratus lumborum, Psoas muscle

S060

Underweight as a Risk Factor for Vertebral Fractures 
in the South Korean Population

Ji-Won Park, Jae-Young Hong

Department of Orthopaedic Surgery, Korea University Ansan Hospital, Ansan, 
Korea

Purpose: Underweight, a known risk factor for osteoporosis 
and sarcopenia that is strongly associated with vertebral 

fractures, particularly in the elderly, can accelerate bone 
loss, contribute to impaired coordination, and increase the 
risk of falls in the elderly as well as the general population. 
Currently, only few studies have evaluated the association 
between underweight and vertebral fractures in the general 
population. The purpose of this study is to identify the degree 
of underweight as a risk factor for vertebral fractures in the 
South Korean population. 
Materials and Methods: This study included data from nationwide 
regular health checkup conducted by the Korean National 
Health Insurance Service. We included adults aged ≥40 years 
who were not overweight or obese in 2009. Based on their 
body mass index, the study population was categorized into 
normal (18.50-22.99 kg/m2), mild underweight (17.00-18.49 
kg/m2), moderate underweight (16.50-16.99 kg/m2), and 
severe underweight (<16.50 kg/m2) groups. The incidence of 
vertebral fractures during 2010-2018 was investigated. Cox 
proportional hazards analyses were performed to calculate 
the hazard ratios for vertebral fractures based on the degree 
of underweight with respect to normal weight to identify the 
associated risk. 
Results: This study evaluated 962,533 eligible participants, of 
whom 907,484 (94.3%; mean age of 56.1 years old, 44.8% 
male) were classified as normal weight, 36,283 (3.8%; mean 
age of 54.4 years old, 45.2% male) as mild underweight, 
13,071 (1.4%; mean age of 56.6 years old, 48.9% male) as 
moderate underweight, and 5,695 (0.5%; mean age of 60.7 
years old, 46.0% male) as severe underweight. The adjusted 
hazard ratio of vertebral fractures increased as the degree of 
underweight increased. Severe underweight was associated 
with a higher likelihood of occurrence of vertebral fractures. 
The adjusted hazard ratio was 1.11 (95% confidence interval, 
1.04-1.17) in the mild underweight group, 1.15 (1.06-1.25) in 
the moderate underweight group, and 1.26 (1.14-1.40) in the 
severe underweight group when compared with the normal 
weight group.
Conclusions: Underweight is a risk factor for vertebral 
fractures in the general population. Furthermore, underweight 
of greater severity was associated with a higher risk of 
vertebral fractures, even after adjustment for other factors. 
Keywords: Underweight, Vertebral fractures
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S061

The Validation Study of Preoperative Planning 
(Roussouly Algorithm, GAP Score, and Hamamatsu 
Formula) in Adult Spinal Deformity Surgery

Shin Oe, Yu Yamato, Tomohiko Hasegawa, Go Yoshida, 
Tomohiro Banno, Hideyuki Arima, Yuki Mihara,  
Koichiro Ide, Yuh Watanabe, Kenta Kurosu,  
Keiichi Nakai, Yukihiro, Matsuyama

Department of Orthopaedic Surgery, Hamamatsu University School of Medicine, 
Japan

Purpose: The Hamamatsu Formula has been used as an 
indicator of correction goals in adult spinal deformity 
(ASD) surgery. We have used the Hamamatsu Formula 
as an index of corrective goals, but there are reports that 
correction according to the Roussouly algorithm and the 
Global Alignment and Proportioned (GAP) Score reduces 
implant-related complications. The purpose of this study was 
to validate these three preoperative planning methods on the 
incidence of complications.
Materials and Methods: Patients who underwent ASD surgery 
between 2010 and 2016 were included in the study. Patients 
who met the postoperative Roussouly classification algorithm 
were defined as the Restored (R) group, and those who did 
not were defined as the Non-Restored (NR) group. The 
GAP score was divided into three groups: Proportioned (P), 
Moderately Proportioned (MP), and Severely Proportioned 
(SP), and the Hamamatsu Formula was also divided into 
three groups: Ideal (I), Moderate (M), and Under (U). 
Proximal junctional kyphosis (PJK) and rod fracture were 
investigated.
Results: The Roussouly classification was 102 patients 
in the R group and 101 patients in the NR group, and 
the complication rate was R:NR=51%:70% (p=0.005). 
In particular, PJK was significantly lower in the R group 
(R:NR=15%:30%) (p=0.010). There were 45 patients in 
the P group, 71 in the MP group, and 87 in the SP group. 
There was no significant difference in complications, P: 

MP: SP=58%:52%:69%. In Hamamatsu Formula, there 
were 51 patients in group I, 108 patients in group M, and 44 
patients in group U. There was no significant difference in 
complications, I: M: U=59%:62%:59%. Logistic regression 
analysis showed that the odds ratio for complications in the 
NR group was 2.3 (p=0.006).
Conclusions: Correction according to the Roussouly 
algorithm is important for the prevention of implant-related 
complications.
Keywords: Adult spinal deformity, Mechanical complications, 
Roussouly classification, GAP score, Hamamatsu formula

S062

Combination of Poly-Vinyl Alcohol and Chitosan 
Material as the Promising Spinal Scaffolding 
Material: Biomaterial and Biological Evaluation

Yudha Mathan Sakti, Rusdy Ghazali Malueka,  
Akbar Mafaza, Zikrina Abyanti Lanodiyu,  
Deas Makalingga Emiri,  
Axel Brahmantyo Maynardo Nugroho

Department of Orthopaedic Surgery, Sardjito/FK-KMK Universitas Gadjah 
Mada, Indonesia

Purpose: Stem cell transplantation is potential for spinal cord 
injury management. But to deliver stem cell to direct site and 
maintain it, homing material with 3-dimensional structure is 
proposed to be the solution. Poly-Vinyl Alcohol and Chitosan 
(PVA/CH) combination haven’t been researched as potential 
scaffold material for cell homing in stem cell transplantation. 
Our objective is to evaluate biomaterial potential of PVA/CH 
scaffold manufactured by using electrospinning machine and 
evaluate biological potential towards mesenchymal stem cell 
acting as neuro-regenerative media
Materials and Methods: An experimental study was conducted. 
Production of PVA/CH scaffold was using electrospinning 
matching with 10cc of PVA/CH solution electrified with 
10-15 kV of electric voltage to create nanofiber membrane 
called scaffold. Biomaterial aspect of this scaffold then 
evaluated using Scanning Electron Microscope, Fourier 
Transform Infra-Red, biodegradability test, and tensile 
strength. Biological aspect of this scaffold was evaluated 
through cellular contact by MTT assay to observe material 
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toxicity profile towards human umbilical cord mesenchymal 
stem cell form 3 different donor.
Results: Scaffold membrane was successfully produced 
with electrospinning machine by the size of 10 cm x 10 cm. 
FTIR evaluation showed infrared wave that represented 
each composing material which is PVA/CH, no chemical 
bon alteration was identified. Nanofiber size of the scaffold 
was measured using SEM and resulted range of 487-1,510 
nm fiber diameter. Fiber construction of the scaffold were in 
random alignment with irregular space / porosity between 
fiber. Biodegradability test resulted that within 21 days of 
exposure toward human body fluid environment. PVA/
CH scaffold degraded for 60,48 % in average. Biological 
test of PVA/CH scaffold toward human umbilical cord 
mesenchymal stem cell using MTT assay showed dan 
PVA/CH was nontoxic with average cell viability reaching 
91,48%.
Conclusions: Scaffold produced from PVA/CH through 
electrospinning process showed exemplary result. 
Electrospinning process successfully resulted a 3-dimentional 
scaffold consisted of nanosized fiber and structural gap 
which later become the homing site of the cell. Biomaterial 
evaluation of PVA/CH scaffold presented fine chemical and 
material integrity. Biological evaluation of by using 3 donor 
of human umbilical cord mesenchymal stem cell showed 
high number of cell viability percentage and resulted to be 
non-toxic towards human cell. PVA/CH scaffold should 
be further developed and evaluate as the promising spinal 
scaffold material.
Keywords: Spinal cord injury, Stem cell, Spinal scaffold, 
Biomaterial

S063

Postoperative Single-shot Epidural Fentanyl and 
Bupivacaine for Postoperative Analgesia after 
Lumbar Decompression: A Prospective, Double-blind 
Randomized Study

Miguel Rafael David Ramos

St. Luke’s Medical Center, Philippines

Purpose: Posterior lumbar decompression, whether through 

open or minimally invasive techniques, achieves consistent 
clinical success in alleviating symptoms of sciatica, 
radiculopathy, and neurogenic claudication. However, 
transient lower back, buttock, and posterior thigh pain 
continue to present as common complaints postoperatively. 
Ensuring excellent postoperative pain control can predict 
patient’s quality of recovery. Our study investigates the 
efficacy of a postoperative single-shot bolus of epidural 
Fentanyl and Bupivacaine in providing pain relief after 
posterior lumbar decompression surgery.
Materials and Methods: We performed a randomized, double-
blinded, clinical trial. Forty-five patients scheduled for 
lumbar decompression for a year’s period who were 
randomly assigned to receive a postoperative bolus of 10-mL 
solution of 50 mcg of Fentanyl, 0.125% Bupivacaine, and 
0.9% saline solution via an intraoperatively placed epidural 
catheter immediately after wound closure, but before surgical 
dressing application. Facial pain scale scores were measured 
at three time points after surgery (i.e., fully awake at recovery 
room, transfer to ward, first postoperative day). Postoperative 
need for oral analgesics, time to independent ambulation, 
associated adverse events, and time to hospital discharge was 
also evaluated. 
Results: Pain scores were noted to be significantly lower at all 
time points in the epidural group (p<0.001). In turn, they also 
received less on-demand oral pain medications than those in 
the control group (p=0.000). The mean time to ambulation 
was 0.09 days in the epidural group and 0.91 days in the 
decompression-alone group (p=0.000). Criteria for hospital 
discharge were usually met on Day 0 in the epidural and Day 
1 in the control group (p=0.000). Within the study period, 
only one infection was noted in the epidural group which 
necessitated additional lumbar spine surgery (4.3%). No 
adverse events or complications related to Fentanyl use were 
observed.
Conclusions: A postoperative bolus of Fentanyl and 
Bupivacaine is effective in reducing early postoperative pain 
without the related complications of opioid administration.
Keywords: Lumbar decompression, Postoperative analgesia, 
Epidural, Fentanyl, Bupivacaine
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S064

Retrospective Matched Comparative Analysis of 
Non-Fusion Anterior Scoliois Correction vs Posterior 
Spinal Fusion for Lenke 5 Curves: A Single Surgeon 
Experience

Keyur Kantilal Akbari, Umesh P. Kanade,  
Vighneshwara Badikillaya, Appaji Krishnan,  
Sajan K. Hegde

Department of Orthopaedic Surgery, Apollo Hospitals, India 
*Department of Orthopaedic Surgery, CIMS Hospitals, India

Purpose: Posterior spinal fusion (PSF) or anterior spinal 
fusion (ASF) is the standard treatment options for AIS 
correction. NFASC is a novel motion sparing alternative to 
fusion surgery for Lenke 5 AIS. There is a dearth of literature 
comparing between the two techniques for Lenke 5 AIS. 
The current study aims to compare the clinico radiological 
outcomes between the two procedures at 2 years follow up.
Materials and Methods: 38 consecutive Lenke 5 AIS patients 
treated by a single surgeon with NFASC (group A) or PSF 
(group B) were matched by age, Cobb’s angle, and skeletal 
maturity. Intra operative blood loss, operative time, LOS, 
coronal Cobbs and SRS22 scores at 2 years were compared. 
Flexibility was assessed by modified Schobers test. 
Continuous variables were compared using student t-tests 
and categorical variables were compared using chi-square.
Results: The cohort included 19 patients each in group A 
and B. Group A had M: F distribution of 1:18 while group 
B had 2:17. The mean age in group A and group B were 
14.8±2.9 and 15.3±3.1 years respectively. The mean follow-
up of patients in group A and B were 24.5±1.8 months and 
27.4±2.1 months respectively. Mean pre op thoraco lumbar/
lumbar (TL/L) cobbs for group A and group B were 55°±7° 
and 57.5°±8° respectively. At two years follow up, the 
cobbs for group A and B were 18.2°±3.6° and 17.6°±3.5° 
respectively (p=0.09). The average operating time for 
group A and B were 169±14.2 mins and 219±20.5 mins 
respectively (p<0.05). The average blood loss of group A and 
B were 105.3±15.4 and 325.3±120.4 respectively (p<0.05). 
The average number of instrumented vertebra between group 
A and B were 6.2 and 8.5 respectively (p<0.05). The average 
LOS for NFASC and PSF were 3.3±0.9 days and 4.3±1.1 
days respectively (p<0.05). No statistically significant 

difference in SRS 22 score was noted between the two 
groups. No complications were recorded.
Conclusions: Our study shows no significant difference in 
PSF and NFASC in terms of Cobbs correction and SRS 
scores, but NFASC group had significantly reduced blood 
loss, operative time and fewer instrumented levels while 
preserving flexibility.
Keywords: Deformity, Doublecurve, Lenke 5, Scoliosis

Best Paper Candidates 
Presentation V (International)

S065

Simultaneous Overcorrection of Lowest 
Instrumented Vertebral Tilt and Main Thoracic 
Curve is Related to Progression of Unfused Residual 
Lumbar Curve after Posterior Fusion in Adolescent 
Idiopathic Scoliosis

I-Hsin Chen

Department of Orthopaedic Surgery, National Taiwan University Hospital, 
Taiwan

Purpose: To disclose radiographic parameters, including 
lowest instrumented vertebral (LIV) tilt, related to the 
postoperative magnitude and progression of residual lumbar 
curves (LCs) in adolescent idiopathic scoliosis (AIS) patients 
who underwent posterior spinal fusion (PSF) with LIV at or 
above L1.
Materials and Methods: Patients with Lenke type 1-4 
curves who underwent PSF with LIV at or above L1 with a 
minimum follow-up of 2 years were evaluated. Multivariate 
linear regression analysis using selected radiographic 
parameters helped develop a prediction model for 
postoperative residual LCs. Subgroup analyses, comparing 
patients with or without postoperative progression of residual 
LCs, followed by sensitivity tests, were then performed for 
variables best predicting the progression of residual LCs.
Results: Overall, 130 patients were included. Multivariate 
linear regression analysis showed that immediate 
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postoperative LIV-tilt angle was associated with the 
prediction model for immediate and final postoperative 
residual LCs, with high accuracy (R=0.93 and 0.77, 
respectively). Sensitivity tests revealed immediate 
postoperative LIV-tilt angle <10° and correction rate of main 
thoracic curves (MTCs) >53% as predictors for progression 
of residual LCs, and they reached moderate discrimination 
when combined together as one criterion (OR=16.3, 
95%CI=5.3-50.1; sensitivity=89%, specificity=67%, 
PPV=51%, NPV=94%).
Conclusions: The current study revealed that LIV-tilt, as an 
operable factor during AIS surgery, is not only a determinant 
in prediction models showing high correlation with the 
magnitude of immediate postoperative LCs but also a 
predictor for progression of residual LCs. “Immediately 
postoperative LIV-tilt angle <10° and correction rate of MTC 
Cobb angle >53%”, as a united criterion, could serve as a 
predictor for postoperative progression of residual LCs.
Keywords: Selective thoracic fusion

S066

Effect of Non-Fusion Anterior Scoliosis Correction 
(NFASC) on Thoracic and Lumbar Sagittal 
Parameters in Adolescent Idiopathic Scoliosis (AIS) 
Patients? Is It Detrimental?

Umesh P. Kanade, Keyur Kantilal Akbari, Sajan K. Hegde

Department of Orthopaedic Surgery, Apollo Hospitals, Chennai, India

Purpose: This study evaluates the effects of non-fusion 
anterior scoliosis correction (NFASC) surgery on sagittal 
parameters of spine.
Materials and Methods: Data of 40 AIS patients treated with 
NFASC at a single centre with a minimum of 2 years of 
follow up were analysed. Coronal cobbs’ angle, Thoracic 
kyphosis (TK), Lumbar Lordosis (LL), Pelvic Tilt (PT) and 
Pelvic Incidence (PI) preoperatively, immediate post op 
and at final follow up were measured. A Post hoc analysis 
following repeated measures ANOVA test was used to 
examine statistically significant trends.
Results: 40 AIS patients (39 female,1 male). The mean age 
was 14.57±1.98 years (12-19). The cohort included 14 

Lenke type 1, 3 type 3, 18 type 5, and 5 type 6. On average 
7.3 vertebrae were instrumented. Mean pre op thoracic and 
thoracolumbar/lumbar cobbs were 48±4° and 44.5±2.5° 
respectively. Mean pre-op, immediate post-op, and at 2 
years TK were 27.20±6.88, 30.83±5.85 and 31.09±6.06 
respectively. Mean pre-op, immediate post-op, and at 2 
years LL were 48.92±8.41, 47.23±7.58 and 48.32±6.06 
respectively. There was no significant change in PI and PT 
preoperatively and at 2 years follow up.
Conclusions: Non-fusion anterior scoliosis correction surgery 
has a positive influence on thoracic kyphosis without having 
any detrimental effect on lumbar lordosis. As a result, most 
of the patients achieved normal physiologic kyphosis, 
whereas some maintained their pre op alignment. There was 
no kyphotic effect on lumbar spine. NFASC offer fusionless 
correction of deformity with positive effect on sagittal 
parameters.
Keywords: NFASC, AIS, TK, LL

S067

Secondary Dysphagia Associated with Diffuse 
Idiopathic Skeletal Hyperostosis (DISH): Current 
Concepts and a Proposed Algorithm

Wongthawat Liawrungrueang, Waroon Tantivorawit, 
Titinat Maihom, Nantawit Sugandhavesa,  
Torphong Bunmaprasert

Department of Orthopaedics, Maharaj Nakorn Chiang Mai Hospital, Faculty of 
Medicine, Chiang Mai University, Thailand

Purpose: Forestier’s disease, also known as vertebral 
ankylosing hyperostosis or Diffuse Idiopathic Skeletal 
Hyperostosis (DISH). It is a non-inflammatory enthesopathy 
that ossifies the anterolateral spine while sparing disc 
and joint space, particularly at the cervical levels. Large 
anterior cervical osteophytes in DISH may compress the 
pharyngoesophageal area, causing dysphagia. Symptomatic 
DISH with dysphagia and cervical myelopathy is uncommon. 
This study aims to propose a treatment algorithm for this 
condition.
Materials and methods: Literature search was performed using 
the MeSH terms “Anterior Cervical Osteophyte”, “Diffuse 
Idiopathic Skeletal Hyperostosis (DISH)”, “Dysphagia” and 
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“Treatment” for articles published between January 2000 and 
February 2020. PubMed search identified 117 articles that met 
the initial screening criteria. Detailed analysis identified the 40 
best matching articles, following which the full inclusion and 
exclusion criteria left 11 articles for this review.
Results: In elderly patients with DISH (average 65 years), 
the incidence of secondary dysphagia was related. The most 
common level of bridging osteophytes in the cervical spine 
was C3–C5, with dysphagia or respiratory compromise being 
the main clinical symptoms. There were ten publications 
on anterior cervical osteophytectomy without fusion, one 
on multilevel cervical oblique corpectomy, one on anterior 
cervical discectomy with fusion plus plate, and one on 
anterior cervical osteophytectomy with stand-alone PEEK 
cage or plus plate. Only one patient had post-operative 
complications, and all of the patients showed significant 
improvement without recurrence. From the current data, we 
create a treatment algorithm on the surgical treatment for 
symptomatic DISH with dysphagia and cervical myelopathy. 
According to our findings, surgical intervention is safe, 
effective, and stops disease progression. It was a complicated 
scenario to deal surgically with our treatment algorithm.
Conclusions: Anterior cervical osteophytectomy with 
or without ACDF and plate is a standard technique. We 
propose the treatment algorithm and consider that surgical 
intervention produces better results than non-surgical 
treatments. This treatment is beneficial and might be a 
feasible alternative in this situation.
Keywords: ACDF, Cervical myelopathy, Diffuse idiopathic 
skeletal hyperostosis, DISH, Forestier’s disease

S068

Retrospective Comparative Cohort Study of 
Expandable Titanium Cage versus Non-Expandable 
PEEK Cage in Lumbar Transforaminal Interbody 
Fusion

Chun Man Ma, Siu Man Leung, Cho Yau Lo

Department of Orthopaedics and Traumatology, North District Hospital, Hong 
Kong SAR, Hong Kong

Purpose: This is a retrospective study comparing the 
radiological and clinical results of patients undergoing 

transforaminal lumbar interbody fusion (TLIF) using 
expandable titanium cage and non-expandable PEEK cage.
Materials and Methods: Parameters were obtained retrospectively 
from the two cohorts from our hospitals. Radioloigcal parameters 
measured included the preoperative and postoperative segmental 
lordosis (SL), lumbar lordosis (LL), sacral slope (SS), pelvic tilt 
(PT), pelvic incidence (PI), anterior disc height (ADH), posterior 
disc height (PDH) in standing lateral X-ray of lumbosacral spine 
in patients. Clinical parameters measured included Numeric 
Rating Scale (NRS), Oswestry Disability Index (ODI), 
subjective improvement in percentage, blood loss, operation 
times, and postoperative hospital stay. Complications such as 
cage migration, subsidence, infection or implant failure were 
also recorded. Statistical analyses were performed using 
SPSS version 20 and a p value of <0.05 was considered as 
statistically significant.
Results: From 2015 to 2021, 100 levels of TLIF were 
recruited in each group. Postoperatively there were 
significantly better improvement in all sagittal parameters, 
ADH (p<0.01) and PDH (p<0.01) in the expandable cage 
group. Both groups showed significant improvement in 
post-operative clinical outcome, but the expandable group 
showed more superior results. On the other hand, there was 
significantly higher in the incidence of cage of migration in 
non-expandable group (n=19) compared with expandable 
group (n=0). Cage subsidence was noted in 14 levels in the 
expandable group. One patient in the non-expandable group 
with cage migration required revision at the same level due 
to worsening of radiculopathy. 
Conclusions: Expandable titanium cage is more effective in 
improving the sagittal parameters and clinical outcomes for 
patients undergoing TLIF comparing with non-expandable 
PEEK cage. There was high incidence of cage migration 
in the non-expandable group compared with none in the 
expandable group.
Keywords: Spinal fusion, Lumbar vertebrae, Treatment 
outcome, Titanium
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S069

Effect of Individual and Neighbourhood Socio-
economic Indicators on Length of Stay in 
Transforaminal Lumbar Interbody Fusion (TLIF): A 
Propensity Score Matched Retrospective Analysis

Jessica Thor, Ramkumar Mohan, Zhihong Chew,  
Kevin Wong, Andrew Guan, Andy Yeo, Terry Teo, 
Wee Lim Loo, Dinesh Shree Kumar 

Department of Orthopaedic Surgery, Changi General Hospital, Singapore 

Purpose: To investigate influence of socioeconomic status on 
outcomes of TLIF
Materials and Methods: 201 patients that underwent TLIF 
procedures from August 2015 to September 2021 in our 
institution were included. Postal codes were cross referenced 
with national database to derive room index (Equation for 
room index: Sum total [number of rooms in a flat × number of 
such flats per block] / total number of units in a block). SEDI 
and SAI indices were obtained from previous policy studies. 
As for individual analysis, patients were stratified based on 
room index (Room index less than 4 versus more than equal 
to 4). For neighbourhood analysis, patients were stratified 
based on less than or equal to or more than median SEDI and 
SAI scores. These populations stratified by neighbourhood 
indices were then propensity score matched at a 1:1 ratio 
based on demographics, comorbidities, previous spinal 
operations and surgical approach.
Results: Epidemiological data of all 201 patients were 
included, of which 92 (45.8%) were female. Overall median 
length of stay was 4 days When individual SES indices 
were compared based on Room index value, no significant 
differences were noted in terms of length of stay, intra 
operative variables and post-operative complications. There 
were no significant differences noted in length of stay when 
compared based on unmatched analysis of neighbourhood 
SES indices. Individuals from neighbourhoods with higher 
SAI scores had a numerical trend towards shorter LOS 
(4.00 [3.00, 7.00] vs 3.00 [2.00, 5.00], p=0.123). Numerical 

trends were also noted with higher rates of Hyperlipidemia 
(20.2% vs. 10.2%, p=0.055) and Type 2 Diabetes Mellitus 
(13.5% vs. 7.1%, p=0.152) amongst those with higher SAI. 
Similar non-significant findings with trends towards those 
with higher Disadvantage scores having longer LOS were 
noted (4.00 [3.00, 6.50] vs 3.00 [2.00, 5.50], p=0.087). Most 
notably, after matching this population based on SEDI scores 
(n=72:72), there was a significant difference with those with 
higher SEDI scores having longer LOS (4.00 [3.00, 6.00] vs 
3.00 [2.00, 5.00], p=0.017).
Conclusions: Though no significant findings were found 
numerical trends suggested that patients with better 
neighbourhood SES indicators had shorter LOS even 
though they had higher rates of comorbidities. This is 
further emphasised as patients with higher disadvantage 
indices had significantly longer LOS after matching. 
Keywords: TLIF, Socioeconomic, Outcomes

S070

Instrumentation in Children Aged up to 5 Years with 
Spinal Tuberculosis

Rajesh Kumar Chaudhary, Ram Krishna Barakoti,  
Babu Kaji Shrestha, Ashok Kumar Banskota

Department of Orthopaedic Surgery, Hospital and Rehabilitation Center for 
Disabled Children (HRDC), Nepal

Purpose: Spinal Tuberculosis is still a common pathology 
encountered in developing countries. It is considered as 
medical disease which can be cured with antitubercular therapy 
(ATT). The risk of development and progression of deformity 
is higher in children due to several reasons. So, instrumentation 
may be required for stabilization and prevention of progression 
of deformity. The instrumentation in children is challenging 
because of poor bone stock, narrow pedicles, cartilaginous 
vertebra and poor soft tissue mass. So, patients may come with 
implant backout, breakage and prominence. This study aims to 
study the outcome of instrumentation in children up to 5 years 
of age with spinal tuberculosis.
Materials and Methods: This is a retrospective study of all 
cases with spinal tuberculosis in children aged up to 5 years 
of age managed with ATT and instrumentation in Hospital 
and Rehabilitation Center for Disabled Children (HRDC) 
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from December 2015 to February 2021. Medical records 
and X rays were reviewed. Level involved, deformity, 
neurological status, level of instrumentation, implants used, 
and complications were recorded.
Results: Total of 8 children aged up to 5 years with spinal 
tuberculosis were managed with spinal instrumentation 
during the specified duration. The mean age was 4.25 
(ranged from 2-5 years). Four were boys and 4 were girls. 
Average follow up after surgery is 41.25 months (range 10-
84 months). Dorsal spine was involved in 3 case, lumbar 
Spine in 2 cases and Dorso-lumbar spine in 3 cases. 
Posterior instrumentation only was done in 3 cases. Posterior 
instrumentation with anterior reconstruction with cage was 
done in 4 cases. Anterior reconstruction via anterior approach 
followed by short segment posterior instrumentation was 
done in 1 case. 4.5mm pedicle screws were used in 4 cases 
and 3.5mm lateral mass screws were used as pedicle screws 
in 4 cases. All cases were treated with ATT for 12 months 
duration. 6 cases had excellent deformity correction and 
no progression of deformity. One case developed proximal 
junctional kyphosis which was revised later. One case 
developed mild progression of kyphosis. 3 cases out of four 
in which pedicle screws were used developed hardware 
prominence. 
Conclusions: Posterior instrumentation using pedicle screws 
in children aged up to 5 years is an effective armamentarium 
for prevention of deformity due to tubercular spondylitis. 
3.5mm lateral mass can be used as pedicle screws to avoid 
implant prominence
Keywords: Spinal tuberculosis, Spinal instrumentation, 
Children

S071

A Review of Open Spinal Biopsy for Thoracolumbar 
Spinal Infection and Tumor: A Single Centre 
Experience

Chee Seiang Wang, Zulkefli Atan, Manoharan Krishnan

Department of Orthopaedic Surgery, Raja Permaisuri Bainun Hospital, 
Malaysia

Purpose: Spinal biopsy can be obtained through open and 
percutaneous methods. In the literature, percutaneous 

methods (both fluoroscopy and CT-guided biopsy) positive 
yields ranged from 30 to 91%. Open biopsy improved 
diagnostic yield by surgical sampling of more specimen. 
The indications for open biopsy were compression of 
spinal cord or the cauda equina causing neurologic deficits, 
spinal instability and progressive deformity that required 
stabilization. This study reviewed the results of the intra-
operative obtained specimen. 
Materials and Methods: Between January 2015 and November 
2021, we retrospectively reviewed the medical records of 130 
patients who underwent open biopsy of the thoracolumbar 
spine.
Results: There were 70 patients diagnosed clinically 
with spinal tumor with the mean age of 62 years. A total 
of 34 patients (mean age 57.9 years) diagnosed with 
pyogenic spondylodiscitis where empirical antibiotics 
were commenced. Twenty-seven patients were started on 
antituberculosis treatment with the mean age of 43.2 years. 
These patients subsequently underwent spinal surgery due to 
above indications. A total of 116 intraoperative samples were 
obtained for histopathological examinations. Forty-eight 
(41%) samples were reported consistent with tumor, 35 (30%) 
samples were reported as inflammatory changes, 16 (13.7%) 
tuberculosis, 15 normal findings and two fracture healing. 
Breast cancer (10), colorectal cancer (6) and lung cancer (5) 
were among the most common metastatic tumor. A total of 
116 specimens were sent for culture and sensitivity. Twenty-
two (19%) samples yielded positive growth, most common 
being Staphylococcus aureus (9) with four were methicillin 
resistant (MRSA), followed by Escherichia coli (6) with 
three extended spectrum beta-lactamase (ESBL). Seventy-
two samples were sent for tuberculous culture, with four 
(5.6%) positive result for Mycobacterium tuberculosis.
Conclusions: The clinical diagnosis of spinal pathology 
was mainly based on the clinical presentation, laboratory 
investigation results and imaging. Open biopsy was mainly 
done for the cases with suspected spinal tumor. The positive 
yield for bacterial and tuberculous culture were low.
Keywords: Open spinal biopsy, Infection, Tumor
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S072

Lumbar Spinal Full-Endoscopic Surgery: Results 
and Experiences from 101 First Cases at Saint Paul 
General Hospital in Hanoi, Vietnam

Quang Minh Luong

Department of Orthopaedic Surgery, Saint Paul general Hospital, Vietnam

Purpose: Lumbar spinal disease is becoming more popular, 
minimally invasive surgery is also developing rapidly to 
decompress neural tissue, remove herniated disc materials 
and preserve paraspinal muscles as much as possible. 
Lumbar full-endoscopic spine surgery fits all of these criteria 
and helps the patient recover quickly. Our research aims 
to evaluate initial results and show how to deal with some 
difficulties and complications from the very first 101 full-
endoscopic cases at our hospital.
Methods and Materials: From 8/2018 to 8/2021, we collected 
101 patients who had undergone full-endoscopic spine 
surgery, divided into 2 groups: lumbar disc herniation (Group 
1) and lumbar spinal stenosis (Group 2). Functional outcomes 
of patients were evaluated at pre-operation, at discharge, 4, 
8, 12 weeks after surgery through the Visual Analogue Scale 
(VAS) of axial lower back and limb pain (T-test, p<0.05). 
Results: The mean follow-up was 6 months in group 1 and 
4 months in group 2. Mean age: Group 1-49 years, Group 
2-56 years. The day of hospitalization was 1.1 days in 
group 1 and 1.6 in group 2. Technical difficulties measured 
in 25% of cases were: imaging orientation, dissection, and 
bleeding problems. In both groups, there was a significant 
improvement in the VAS and Macnab’s criteria evaluation 
of patients when comparing the preoperative results 
with the 4th, 8th, and 12th week after surgery (p<0.05). 
Overall, 87.6% of patients had good-to-excellent results. 
Complication-rate in group 1 was 4.8% and 12% at group 2, 
but there was no major complication. 
Conclusions: Lumbar full-endoscopic spine surgery is the 
most mini-invasive procedure with early-encouraging 
outcomes in both disc herniation and spinal stenosis of the 
lumbar spine
Keywords: Endoscopy, Lumbar disc herniation, Stenosis

Invited Lecture V

Complex, Cervical Intradural Dumbell Tumour 
Excision - Tips and Tricks

Dinesh Shree Kumar

Honorary Secretary, Singapore Spine Society, Singapore

Plenary Lecture II 

Idiopathic Epidural Lipomatosis Causing Lumbar 
Spinal Stenosis; Non-negligible Pathological 
Condition in the Elderly

Morio Matsumoto 

Professor, Keio University, Japan 

Basic and Clinical Researches for Future Treatment 
of Adolescent Idiopathic Scoliosis

Morio Matsumoto 

Professor, Keio University, Japan
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Symposium: Lumbar  
Combined Disease-specific 

Consideration in Treatment for 
Lumbar Spinal Disorders

Liver Disease

In-Seok Son, Min-Seok Kang*, Suk-Ha Lee†

Department of Orthopaedic Surgery, Jeju National University Hospital University 
of Korea, Seoul, Korea 
*Department of Orthopedic Surgery, Korea University, Anam Hospital, Seoul, 
Korea 
†Department of Orthopaedic Surgery, Spine Center, Konkuk University Medical 
Center, Seoul, Korea

Backgrounds and Introduction: Liver diseases are frequent 
in patients with lumbar spine disorder. In particular, 
deterioration of liver function due to hepatitis, liver cirrhosis, 
and hepatocellular carcinoma, etc. causes various medical 
problems.
Main Body: The liver has a wide range of functions: metabolism 
of carbohydrate/lipid/protein, detoxification of drug/alcohol/
toxin, regulation of immune system, protein synthesis, 
storage of micronutrient, production of bile and cholesterol, 
etc. Liver diseases are numerous, but often progress to 
hepatitis, hepatic fibrosis, liver cirrhosis, and hepatic cancer. 
It is practically difficult to discuss all treatments for lumbar 
spine patients in each disease. Therefore, in this paper, we 
focus on the pitfalls in the treatment of lumbar disease in 
patients with liver disease. Commonly used medications for 
patients with lumbar spinal disorder include non-steroidal 
anti-inflammatory drugs (NSAIDs), opioids, gabapentininoid, 
corticosteroids, muscle relaxants and limaprost. Because 
the metabolism of each drug changes in patients with liver 
disease, it is important to prescribe it after understanding 
its safety and stability. Prior to invasive procedures such as 
epidural injection or neuroplasty, it is important to check 
for coagulopathy. In addition, the safety and dosage of 
the injection material such as corticosteroid, hydroxylase, 
anesthetics, and the contrast medium should be considered. 
In the surgical treatment, coagulopathy is closely related to 
peri- and postoperative complications. In addition, the rate 
of screw failure or fusion failure could be increased due to 
hepatic osteodystrophy.  The risk of surgical site infection 

also increases in patients with liver diseases, so caution is 
required. Sarcopenia, which can be accompanied in patients 
with liver diseases, can affect postoperative rehabilitation.
Conclusions: Liver diseases affect patients with lumbar 
spinal disorders in various ways. Attention is required in 
the selection and prescription of medications, and detection 
and management of patient’s coagulopathy or adjustment 
of medications are needed before invasive and surgical 
treatment.
Keywords: Lumbar spinal disorders, Liver disease, Coagulopathy

 
Renal Disease

Sa-Hyun Sung

Department of Orthopaedic Surgery, Ewha Womans University Hospital, Seoul, 
Korea

Backgrounds and Introduction: Advance in medical treatment 
has greatly improved the survival and life quality of patients 
with chronic kidney disease (CKD). Therefore, CKD 
patients, these days, are more willing to receive treatment for 
degenerative lumbar disease. There are some considerations 
to be made in treating spine patients with CKD.
Chronic Kidney Disease: CKD is defined as structural or 
functional abnormalities in the kidneys for more than 3 
months. It is divided into stages from 1 to 5 according to 
the glomerular filtration rate (GFR). The disease previously 
referred as chronic renal failure is now called end stage renal 
disease. This includes stage 5 CKD, GFR of less than 15 mL/
min/1.73 m2, or undergoing dialysis. 
Medication: Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are mostly commonly used to relieve inflammation and 
pain by blocking the synthesis of prostaglandin. Reduction 
of prostaglandin synthesis can decrease renal blood flow 
and increase retention of sodium and water, which can lead 
to acute kidney injury. The risk of such kidney damage is 
particularly high in patients with CKD, therefore caution 
should be taken when prescribing NSAIDs to these patients. 
It is acceptable to use no more than 5 days in patients stage 
1, 2, and 3 CKD, however, if the patient needs to use the 
medication for longer duration, it is necessary to reduce 
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the dose and increase the interval along while closely 
monitoring the patient’s condition. NSAIDs are generally 
not recommended for Stage 5 CKD. Anticonvulsants such 
as gabapentin and pregabalin are excreted by the kidneys, so 
they also should be used with caution, reducing the dose and 
increasing intervals if the patient’s GFR is low
Preoperative Consideration: CKD patients, especially those 
undergoing dialysis, usually have many comorbidities, 
and they should sufficiently be warned that the morbidity 
and mortality rates after surgery are higher than those of 
general patients. Because most patients with CKD are in 
an electrolyte imbalance status, it is necessary to closely 
check the laboratory results before surgery. In case of 
severe electrolyte imbalance (especially hyperkalemia) or 
volume overload, emergency preoperative dialysis should 
be considered. It is recommended that elective surgery be 
performed on the day between dialysis, considering the 
time for redistribution of body fluids after dialysis. Because 
osteoporosis is common in patients with chronic kidney 
disease due to impaired bone metabolism, it is necessary to 
evaluate the bone quality before surgery. It should be noted 
that the bone quality is often much worse during the actual 
surgery than the results of the bone mineral density.
Destructive Spondyloarthropathy: Destructive spondyloarthropathy 
is a disease that occurs in CKD patients who have undergone 
hemodialysis for a long time. It is a disease in which amyloid 
is deposited on the intervertebral discs and cartilage end 
plates due to dialysis, resulting in structural deformity. The 
duration of hemodialysis is known to be the most important 
risk factor, and surgical treatment is needed if there are 
neurological symptoms. Fusion is most often required 
because of the instability caused by the destruction of the 
intervertebral disc and end plate.
Postoperative Management: Clinical symptoms mostly 
improve after spinal surgery in patients with CKD. The 
postoperative mortality was reported to be significantly 
higher in CKD patients than in general patients, especially 
in those with stage 5 undergoing hemodialysis. Common 
complications include acute renal failure, respiratory failure, 
pneumonia, and wound infection, and it is known that the 
lower the GFR, the higher the likelihood of complications.
Keywords: Chronic kidney disease, Hemodialysis, Degenerative 
lumbar disease, Spinal surgery, Destructive spondyloarthropathy

Specific Considerations in the Treatment for Lumbar 
Spinal Disorders with Ischemic Heart disease

Myung-Geun Song, Sang-Youn Song, Dong-Hee Kim

Department of Orthopaedic Surgery and Institute of Health Sciences, Gyeongsang 
National University Hospital, Jinju, Korea

Backgrounds and Introduction: As a result of a fatty diet 
and lack of exercise and many other factors, the number 
of patients with ischemic heart disease (IHD) is gradually 
increasing. In terms of growing number of patients with spine 
disease, the frequency of patients with IHD as an underlying 
disease is also on the rise. So, herein, we explicate ischemic 
heart disease as an underlying disease, the characteristics 
and considerations of the patient group with the underlying 
disease of IHD when treating lumbar spinal disorders.  
Main Body: IHD is a condition in which sufficient blood and 
oxygen are not supplied to the myocardium. It can be divided 
into stable angina caused by chronic coronary artery disease 
and acute coronary syndrome. It can be diagnosed by physical 
examination, blood test, EKG, cardiac imaging, and coronary 
angiography. Treatment includes nitrate, beta-blockers, calcium 
channel blocker, drug therapy using antiplatelet agents (aspirin, 
clopidogrel, etc.), coronary revascularization, and coronary 
artery bypass graft. When treating patients with lumbar spinal 
disease, if there is an underlying IHD, the following points 
should be considered.  First, caution is required when using 
NSAIDs, which are often prescribed for lumbar diseases and 
orthopedic diseases, when there is an underlying disease of 
ischemic heart disease. In the case of NSAIDs, it is generally 
recommended to avoid the use of IHD patients as they are 
known to increase the risk of acute myocardial infarction (AMI) 
or death. Second, patients with ischemic heart disease tend 
to use antiplatelet agents and anticoagulants for therapeutic 
purposes or post-procedures. Third, even with drug control 
according to the generally known guidelines, the tendency for 
thromboembolism before and after surgery is high, and the risk 
of reinfarction before and after surgery is also high. Therefore, 
it is necessary to pay attention to patient management and 
anesthesia before and after surgery. Fourth, on the other 
hand, there is a series of papers that reveal that there is a 
correlation between chronic low back pain and the prevalence 
of acute myocardial infarction, and long-term low back pain 
is associated with lowering mobility and QOL and eventually 
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increasing the prevalence of AMI. Therefore, it is necessary 
to keep in mind that LBP patients, who are treated for lumbar 
spinal disease patients, are a high-risk group with a high risk 
of AMI.
Conclusions: As a spinal surgeon, when looking at the 
treatment of patients with lumbar spinal disorders, the 
frequency of patients with underlying ischemic heart disease 
is increasing and surgeons should be aware of the risk prior 
to treatment.
Keywords: Spinal disorders, Spine surgery, Ischemic heart 
disease, Myocardial infarction 

Rheumatoid Arthritis in Spine Surgery

Chang Hwa Hong 

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

Backgrounds and Introduction: Rheumatoid arthritis (RA) 
is a systemic, autoimmune, inflammatory condition that 
affect multiple tissue and organ in the body. In case of spinal 
disease with RA patients the operator should be concern of 
several factors for patients condition.
Main Body: In preoperatively general evaluation is necessary for 
RA medications used and organ involvement that may impact 
their fitness for surgery including cardiovascular, pulmonary, 
hepatic and hematologic. Prior to elective surgery, the risk of 
cardiovascular event must be assessed. RA can involve the 
cervical spine with important implications for perioperative 
management, particularly positioning for anesthesia. Patient 
with RA suffer higher rate of infection and delayed wound 
healing, so medication treatment should be concerned. The 
medication used for treatments for RA include conventional 
DMARD and biologic DMARDs, and withheld of some 
medication before surgery is benefit for infection and wound 
healing. At time of surgery corticosteroid use is dose related 
emphasizing the importance of balancing risks of adrenal 
insufficiency with infection. RA can result in wide ranging 
involvement of the larynx including cricoarytenoid arthritis and 
rheumatoid nodules.
Conclusions: In operation of RA patients, there are many 
factors for consideration not for surgery itself, but also 

general condition for fitness for surgery. Preoperative 
managements for used medication and intraoperative 
managements are also important. Consideration for general 
condition can make good results in RA patients.
Keywords: Rheumatoid arthritis, Spine surgery 

Symposium: Lumbar -  
Debate: Smart Systems  

(AI or Robotics etc) Could Replace 
Spinal Surgeon?

Statement “For”

Sang-Bum Kim 

Department of Orthopaedic Surgery, Chungnam National University Sejong 
Hospital, Sejong, Korea 

Backgrounds and Introduction: In an interview with the New 
York Times, the tech avantgarde Elon Musk said that 
artificial intelligence would take over humans in the next 
five years. And Vinod Khosla, a legendary Silicon Valley 
investor, argues that robots will replace doctors by 2035. And 
there is some evidence that he may be right.
Main Body: The Fourth Industrial Revolution has become 
a buzzword that has permeated all our lives. Big data, 
Artificial Intelligence (AI), robots and the Internet of Things 
(IOT) that presented by The Fourth Industrial Revolution 
is all round us. The use of robotic systems to aid in surgical 
procedures has greatly increased over the past decade. Fields 
such as general surgery, urology, and gynecology have 
widely adopted robotic surgery as part of everyday practice. 
Surgical procedures involving the spine often require fixation 
via pedicle screw placement, which is a task that may be 
augmented by the use of robotic technology. In near future, 
reinforcement learning principles apply to AI-enabled 
robots. It enables a robot to autonomously discover an 
optimal behavior through trial-and-error interactions with its 
environment. Solving complex problems using this approach 
allows AI-enabled robots to take over repetitive tasks from 
human beings.
Conclusions: We are already witnessing robot-surgeons 
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perform critical operations worldwide, and it’s only a matter 
of time before they completely replace us. Robotic doctors 
will make more accurate and effective treatments for the 
patients compared to their human counterparts. There is also 
less chance of infection due to more sterile measures and no 
room for human error.
Keywords: AI, Robotics, Spinal surgeon, Replacement

Statement “Against”

Young-Bae Kim

Department of Orthopedic Surgery, Veterans healthcare system medical center, 
Seoul, Korea 

Backgrounds and Introduction: Robotic surgery and systems 
with artificial intelligence are already taking place in 
hospitals worldwide. They make an accurate diagnosis, 
prescribe an effective treatment plan, and perform complex 
surgery. 
Main Body: There are several reasons below why they cannot 
replace the tasks of surgeons completely. First, robots 
cannot give proper patient-doctor relationships to us. And 
surgeons work a non-linear working method to treat disease. 
Lastly, complex digital technologies require competent 
professionals. Historically it has never been AI or robot 
versus humans since those developments always serve the 
purpose of helping people. 
Conclusions: AI or Robotics will help surgeons perform 
surgery better. However, they will not replace spine surgeons.
Keywords: Smart systems, Artificial intelligence, Robotic, 
Spine, Surgeon

Free Paper: Lumbar V

S073

Signs of Transforaminal Endoscopic End-point 
Decompression: Objective and Subjective Evaluation 
to Prevent Failures

Ajay Krishnan, Nandan Marathe, Bharat Dave,  
Vatsal Parmar 

Stavya Spine Hospital & Research Institute, Ahmedabad 2) Bhavnagar Institute 
of Medical sciences, Bhavnagar, India

Purpose: The indications and extended indications, its 
increasing surgical execution are associated with higher-
than-normal rates of symptomatic recurrences and treatment 
failures, especially for novice surgeons incorporating TF 
FESS (Trans foraminal Full endoscopic spine surgery) 
techniques. The endpoint of Percutaneous Transforaminal 
endoscopic lumbar discectomy/decompression (PTELD) 
needs to be differentiated based on indications. The causes of 
failures can be manifold and can occur because of a residual 
or a complete fragment causing persistent compression. The 
patient may have an immediate pain free period for a day or 
two under the Local Anaesthesia or steroid and again gets the 
same pain back once those effects wear off. An endoscopic 
surgeon acknowledges that an incomplete decompression 
usually occurs due to technical difficulties. To prevent this 
problem, proper training, multiple instrument inventory, 
variable techniques and tricks are needed with progressive 
learning. The authors aim to describe the objective and 
subjective criteria to define the endpoint/ adequacy of 
decompression (EPD) in PTELD.
Materials and Methods: The Pubmed database search was 
limited to locate only the adequacy of decompression of a 
transforaminal endoscopic lumbar surgery and thus limited 
to specific keywords: “Endpoint” or “Adequate” and 
“Decompression” and “Transforaminal” and “Endoscopy”. 
Authors added their experience to refine and define multiple 
EPD.
Results: In the search we found 12 articles total, upon 
reviewing the 12 articles we found 7 articles matching with 
our criteria. Cross references of the included articles were 
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searched, and 5 additional articles were included. Author’s 
experience with the other needed references were added to 
complete the viewpoint and add value to the knowledge of 
novice and experienced PTELD surgeons. In PTELD the 
suggested EPD is by pre-operative planning, achieving the 
planned EPD with its optimal confirmations per-operatively 
and documenting decompression post-operatively by 
objective and subjective parameters. Nine defined EPD from 
Pubmed search were found and noted. Authors reidentified 
or described Eight Direct observed or provoked evident EPD 
and seven Inferred EPD separately. Video, illustration and 
descriptions of each of 17 EPD is done to prove the Ideation.
Conclusions: The EPD is variable and depends on numerous 
factors, not all signs may be elicited in every case and may 
change with surgeon experience. The ability to recognize the 
EPD is the crux for a successful complete decompression. 
Though debatable, all EPD should be aimed in every surgery 
to avoid failures.
Keywords: Full endoscopic spine surgery, Endoscopy, 
Transforaminal, End point, Decompression

S074

Comparison of Surgical Outcomes after Posterior 
Lumbar Interbody Fusion Using 3D-printed Porous 
Titanium Cages and Polyetheretherketone (PEEK) 
Cages

Jae-Jun Yang, Se-Han Park, Ho Jun Kim

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

Purpose: 3D-printed porous titanium (3PT) cages have 
been developed to overcome limited osseointegration of 
polyetheretherketone (PEEK) cages. However, there has been 
no report regarding surgical outcome more than 2 years after 
posterior lumbar interbody fusion (PLIF) using 3PT cages. 
The objective of this study was to evaluate the radiologic and 
clinical outcomes more than 2 years after PLIF using 3PT 
cages compared with those using PEEK cages. 
Materials and Methods: Patients who underwent single-
level PLIF for degenerative lumbar spinal disease were 
retrospectively reviewed. PEEK cages (year 2014-2018) 

and 3PT cages (year 2018-2020) were used chronologically. 
Radiological evaluation using one-year postoperative 
computed tomography (CT) scan included fusion, endplate 
breach of cages (>5 mm), and subsidence of cages (>3 mm). 
Fusion and segmental lordosis were also evaluated using 
one-year and two-year radiographs. Clinical outcomes were 
assessed using patient reported outcome measures including 
visual analog scale (VAS) for back pain, VAS for leg pain, 
and Oswestry disability index (ODI).
Results: 33 patients and 32 patients were allocated for PEEK 
cage group and 3PT cage group, respectively. There was 
no significant difference between two groups in terms of 
demographic data, smoking and diabetes, bone mineral 
density, surgical level, and spondylolisthesis. Fusion rates in 
one-year x-ray were 78.9% and 90.6% in PEEK cage group 
and 3PT cage group, respectively (p=0.303). Fusion rate in 
two-year x-ray were 81.8% and 96.9% in PEEK cage group 
and 3PT cage group, respectively (p=0.105). Fusion rate 
in one-year CT scan were 72.7% and 81.3% in PEEK cage 
group and 3PT cage group, respectively (p=0.558). Endplate 
breach of cages was 57.6% and 34.4% in PEEK cage 
group and 3PT cage group, respectively (p=0.083). Cage 
subsidence was 51.5% and 25.0% in PEEK cage group and 
the 3PT cage group, respectively, with significant difference 
(p=0.041) with averages of 3.2mm in PEEK cage group and 
2.0mm in 3PT group with significant difference (p=0.010). 
There was no significant difference in segmental lordosis at 
each time points compared between two groups. There was 
no significant difference in back pain VAS, leg pain VAS, 
ODI at each time points compared between two groups.
Conclusions: PLIF surgery using 3PT cages revealed 
significantly lower cage subsidence and similar clinical 
outcomes compared with PLIF using PEEK cages.
Keywords: 3D printed, Titanium cage, PEEK cage, PLIF, 
Lumbar spine
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S075

The Effect of Preoperative Acupuncture and 
Epidural Steroid Injection on Postoperative Infection 
after Lumbar Spinal Surgery

Sa-Hyun Sung, Byung-Ho Lee*

Department of Orthopaedic Surgery, Ewha Womans University Seoul Hospital, 
Seoul, Korea 
*Department of Orthopaedic Surgery, Yonsei University College of Medicine, 
Seoul, Korea

Purpose: To identify preoperative acupuncture and epidural 
steroid injection (ESI) as risk factors of postoperative 
infection after elective lumbar fusion surgery.
Materials and Methods: Patients over 50 years of age who 
underwent spinal fusion or fixation due to degenerative 
lumbar disease from 2010 to 2017 were identified by 
diagnostic code and procedural code using the nationwide 
database. The incidence of spinal infection within 3 months 
after surgery was identified. Patients who underwent 
acupuncture or epidural steroid injection (ESI) within 3 
months prior to spinal surgery were identified through 
procedural code. The infection rate was analyzed by dividing 
the patients into 4 groups as follows; 1) Patients who did 
not undergo both acupuncture and ESI (unexposed group), 
2) Patient who underwent only acupuncture (acupuncture 
group), 3) Patients who underwent ESI only, and 4) Patients 
who underwent both acupuncture and ESI (both group). Cox 
regression analysis was performed to identify risk factors for 
postoperative spinal infection.
Results: A total of 165,523 patients were included. The 
postoperative infection rate for all patients was 4.15%. The 
infection rated in the unexposed group, acupuncture group, 
ESI group and both groups were 4.03% (3,487 of 86,489 
patients), 3.89% (258 of 6,634 patients), 4.33% (2,803 
of 64,729 patients), and 4.17% (320 of 7,671 patients), 
respectively. It was confirmed that the old age, male, high 
Charlson Comorbidity Index Score, and ESI were risk factors 
for postoperative spinal infection. Preoperative t acupuncture 
was not identified to be associated with postoperative spinal 
infection.
Conclusions: Preoperative epidural steroid injection was 
identified as a risk factor of postoperative spinal infection, 
whereas legal acupuncture covered by the national health 

insurance did not increase the risk of infection after spinal 
surgery.
Keywords: Acupuncture, Epidural steroid injection, Spinal 
surgery, Postoperative spinal infection, Nationwide database

S076

Comparison of Three Methods of Instrumentation 
in the Surgical Management of Unstable 
Thoracolumbar Fracture

Hyun-Kyu Shin, Ki-Tae Park

Department of Orthpaedic Surgery, Sungkyunkwan University Kangbuk 
Samsung Hospital, Seoul, Korea

Purpose: The purpose of this study is to compare and analyze 
the clinical and radiological results of patients depending 
on the levels of instrumentation performed as surgical 
treatment for thoracolumbar fractures, retrospectively. 
Materials and Methods: Seventy patients who were 
diagnosed with thoracolumbar fractures including 
Denis type B burst fracture and type C Chance fracture 
without neurological deficit from January 1, 2012 to 
December 31, 2021 were enrolled in the study. Patients 
were divided into 3 groups depending on their levels of 
instrumentation; 1 level above and 1 level below, 2 levels 
above and 1 level below, and 2 levels above 2 levels 
below. We compared operation time, blood loss, visual 
analogue scale (VAS) pre- and post-operatively, sagittal 
kyphosis, anterior height compression, instrumentation 
failure, and complications of 3 groups of patients. 
Results: In radiological analysis, 2 above 2 below 
instrumentation showed the best reduction in local kyphosis 
evaluated by Cobb’s angle among 3 groups, but there was 
no statistically significant difference (p=0.116). The 2 above 
2 below instrumentation also showed the highest ratio in 
reduction of anterior body compression and this value was 
statistically significant (p=0.048). There was no statistically 
significant difference in the clinical evaluation by VAS score 
in all 3 groups. (p=0.642)
Conclusions: The 2 above 2 below instrumentation is the most 
effective for fracture reduction in the surgical management 
of unstable thoracolumbar fracture. However, it is not 
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statistically insignificant and there is no significant difference 
in clinical results.
Keywords: Thoracolumbar fracture, Posterior instrumentation

Free Paper: Lumbar VI

S077

Analysis of the Objectivity of ODI in Evaluating 
Prognosis of Patient Who Had Spinal Surgery

Chang-Hwa Hong, Sung Hwan Kim, Sung-Jun Yoon

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

Purpose: ODI (Oswestry Disability Index) is a kind of survey 
with 10 categories, and it evaluates how back pain interferes 
patients’ daily life. It is known that ODI is a disease specific 
measuring tool in patient with lower back pain. In many 
studies, ODI was used to evaluate post-operative prognosis 
in patient who had spinal surgery. It is essential to have 
objectivity to be a reliable measuring tool. But most of 
category of ODI tends to be emotional and subjective and 
it might be far from objectivity. So, in this study, we will 
evaluate objectivity of ODI in patient who had spinal surgery.
Materials and Methods: We enroll 50 patients who had spinal 
surgery in university hospital. And we gave ODI survey to 
patients before outpatient care and after outpatient care. In 
the process, any procedure was not done and only interview 
with attending doctor was done. So, we can evaluate 
objectivity of ODI by comparing 2 ODI score and checking 
if they have consistency.
Results: Among total of 50 patients, 19 patients (38%) scored 
increased points after outpatient care. And 15 patients (30%) 
scored same points before and after outpatient care. 16 
patients (32%) scored decreased points after outpatient care. 
Considering the minimum detectable change of ODI (10% 
points), only 3 patients (6%) scored a difference of more than 
5 points in the questionnaire. Consistency of scores recorded 
by patients is maintained regardless of gender, age, level of 
surgery, and whether fusion was performed or not (p<0.05).
Conclusions: Considering the results, ODI has objectivity and 

might be a reliable measuring tool to evaluate post-operative 
prognosis in patient who had spinal surgery. Since pain is a 
subjective concept, it is difficult to valuate it, but with ODI, 
it was possible to succeed in evaluating pain objectively. 
It is recommended to use ODI for evaluation of the daily 
living function of patients who had spinal surgery. And in the 
future, it is considered that ODI should be used basically in 
research related to back pain.
Keywords: ODI, Objectivity, Spinal surgery

S078

Comparison of the Effects of Corticosteroid and 
Hyaluronic Acid-Carboxylmethylcellulose (HA-
CMC) Solution on Selective Nerve Root Block 
(SNRB) for Lumbar Radiculopathy: A Prospective, 
Double-Blind, Randomized Controlled Clinical Trial

Hee-Chan Kim, Sang-Bong Ko, Chung-Mu Jun,  
Kyung-Tae Kim

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

Purpose: This study aims to compare the potency of hyaluronic 
acid-carboxymethylcellulose (HA-CMC) solution versus 
that of corticosteroids regarding lower leg radiating 
pain (LLRP) improvement and functional outcome. 
Materials and Methods: Among 128 patients, 44 patients who 
complain LLRP due to lumbar spinal stenosis and do not 
have neurological symptoms requiring surgery were enrolled 
for this study. Group A with 22 patients injected with cocktail 
A (local anesthetics, corticosteroid) and group B with 22 
patients injected with cocktail B (local anesthetics, HA-
CMC). Outcome measures were the visual analog scale 
(VAS), Oswestry Disability Index (ODI), and short form -36 
(SF-36). All patients were asked to fill in the questionnaires 
during the follow-up assessment period at 3 days, 7 days, 2 
weeks, 6 weeks, and 12 weeks.
Results: In all time periods, there were no statistical 
differences between the two groups for VAS scores and VAS 
improvement over time, ODI scores and ODI improvement 
over time, and SF-36 PCS scores and SF-36 MCS scores. 
Additionally, the 95% confidence interval of the difference in 
VAS score improvement between the two groups in all time 
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periods was within VAS 5.0, which is the minimum clinically 
relevant difference.
Conclusions: Considering the adverse effects of corticosteroids, 
and the similar LLRP improvements, functional outcome, 
and quality of life, the HA-CMC solution may be an 
alternative option to corticosteroid in SNRB.
Keywords: Nerve block, Neuralgia, Injections, Spinal

S079

Paraspinal Muscles Measurement in Different 
Epidemiologic Studies Using Various Methods 
for Association of Lumbar Diseases: A Systematic 
Review

Sang-Youn Song, Dong-Hee Kim, Ji-Won Jeong,  
Myung-Geun Song, Min-Seok Seo

Department of Orthopaedic Surgery, Institute of Health Science, Gyeongsang 
National University Hospital, Jinju, Korea

Purpose: The purpose of this systematic review was to 
compare various methods for measuring paraspinal muscles 
to provide data for the development of a standardized 
protocol for such a measurement based on epidemiologic 
studies of lumbar diseases and sarcopenia in older 
population.
Materials and Methods: Systematic review and meta-analysis 
were performed using 20 available epidemiologic studies.
Results: The choice of MRI level and measurement protocols 
for measuring paraspinal muscles was not consistent 
among studies. Mean values of paraspinal muscles in 
older population were also different by study area (Europe, 
America, and Asia) and gender.
Conclusions: This systematic review demonstrated that 
various paraspinal muscles measurement methods were used 
in different epidemiologic studies. A standardized method is 
needed to enable more consistent measurement of paraspinal 
muscles and better assessment of lumbar diseases and 
sarcopenia.
Keywords: Paraspinal muscles, Lumbar diseases, Sarcopenia, 
Standardized measurement, Systemic review

S080

Central Stenosis in Isthmic Lumbar Spondylolisthesis

Eun-Seok Son, Hyuk-Joon Sohn

Department of Orthopaedic Surgery, Keimyung University, Hospital, Daegu, 
Korea 

Purpose: Isthmic lumbar spondylolisthesis (IS)is defined by 
the anterior translation of vertebral body relative to inferior 
vertebra as a result of defect in the pars interarticularis. In 
case of IS, foraminal stenosis is usually caused by disc space 
narrowing and posterior bulging disc, but central stenosis is 
rare because the posterior elements of the vertebra remain 
with the caudal vertebra. But we can find the central spinal 
stenosis in a patient with IS. In this study, we investigate the 
incidence and pathoanatomy of the central stenosis in IS.
Materials and Methods: One hundred two patients confirm 
with IS on lumbar Magnetic resonance imaging (MRI) from 
October 2018 to March 2021 were included in this study. 
There were 66 female, 36 male and mean age was 66.4 
years (23-85). We investigate level of the spondylolisthesis, 
Meyerding grade, associated instability, the presence of 
central stenosis and the pathoanatomy of central stenosis.
Results: Level of the spondylolisthesis were L3-4 in 3, 
L4-5 in 29 and L5-S1 in 68 cases. Two cases were 2-level 
spondylolisthesis (L3-4-5, L4-5-S1). Meyerding grade 1 
were 86 and grade 2 were 16 cases. Instability was associated 
in 9 cases. There were 18 cases with central stenosis. Among 
them 10 cases were L4-5, 6 cases were L5-S1 and 2 cases 
were 2-level IS. 11 cases were Meyerding grade 2 and 3 
cases were associated instability. The pathoanatomy of 
central spinal stenosis found in IS where hypertrophy of the 
yellow ligament at the upper level, a decrease in the height of 
the intervertebral disc at the spondylolisthesis level, and soft 
tissue hypertrophy at the isthmic defect area.
Conclusions: The incidence of central stenosis in IS patients 
was 17.6%. Central stenosis was more frequently observed 
in L4-5 than L5-S1 level. (L4-5:34.5%, L5-S1:8.8%) Both 
2-level IS cases were accompanied by central stenosis. 
In the Meyerding grade 2 IS, the prevalence of central 
stenosis was 68.8% (11/16). Most of central stenosis 
caused by hypertrophic ligamentum flavum of upper level 
and narrowing of intervertebral disc height of IS level 
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(intersegmental stenosis).
Keywords: Lumbar, Spondylolysis, Spondylolisthesis, Central 
stenosis

Free Paper: Deformity I

S025

The Utility of High-Density Pedicle Screw Construct 
with Direct Vertebral Derotation of the Lowest 
Instrumented Vertebra in Selective Thoracic Fusion 
for Adolescent Idiopathic Scoliosis: Comparison of 
Two Different Surgical Strategies

Sam-Yeol Chang, Hyoung-Min Kim, Bong-Soon Chang, 
Choon-Ki Lee, Su-Jung Mok

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

Purpose: To determine whether the direct vertebral rotation 
(DVR) of the lowest instrumented vertebra (LIV) can reduce 
fusion segments without increasing adverse outcomes in 
selective thoracic fusion (STF) for adolescent idiopathic 
scoliosis (AIS). 
Materials and Methods: We reviewed consecutive Lenke 
type 1 AIS patients who underwent STF from 2000 to 
2017. Patients were divided into two groups based on 
the surgical strategy: low-density (LD) construct without 
DVR of LIV (the LD group) versus high-density (HD) 
construct with DVR of LIV (the HD group). We collected 
patient demographics, skeletal maturity, operative data, and 
measured radiological parameters in the preoperative and 
final follow-up radiographs. The occurrence of the adding-on 
(AO) and coronal decompensation was also determined. 
Results: Seventy-two patients (male 5, female 67) with a 
mean age of 14.1 .3 were included. The two groups had 
no significant differences in the demographics, skeletal 
maturity, and Lenke type distribution, but the follow-up was 
significantly longer in the LD group (64.3  25.7 vs. 40.7  
22.2 months, p<0.001). The HD group had significantly 
shorter fusion segments (7.1  1.3 vs. 8.5  1.2, p<0.001) and a 
more proximal LIV level (12.1  0.9 vs. 12.7 1.0, p=0.009). In 

the radiological measurements, the improvement of LIV+1 
rotation (Nash-Moe scales) was significantly larger in the 
HD group (0.53  0.51 vs. 0.21  0.41, p=0.008). AO and 
decompensation occurred in 7 (9.7%) and 4 (5.6%) patients 
without any significant difference between the two groups.
Conclusions: In this study, the HD group had a significantly 
shorter fusion level and proximal LIV than the LD group but 
similar curve correction and adverse radiological outcome 
rates.
Keywords: Scoliosis, Fusion, Direct vertebral rotation

S027

Changes in Sagittal Spino-pelvic Parameters and Hip 
Subluxation after Surgery for Non Ambulatory NM 
Scoliosis

Sun-Kyu Kim, Hak-Sun Kim*

Department of Orthopaedic Surgery, National Medical Center, Seoul, Korea 
*Department of Orthopaedic Surgery, Yonsei University College of Medicine, 
Seoul, Korea

Purpose: In the general spino-pelvic hip relationship, 
the correction of coronal pelvic obliquity has nothing to 
do with the hip problem. But sagittal pelvic incidence, 
especially sagittal pelvic tilt, has more influence on the 
acetabulum stress than coronal plane pelvic obliquity. 
Therefore, we investigate the relationship between the 
sagittal pelvic parameters and hip subluxation before 
and after surgery for non-ambulatory NM scoliosis. 
Materials and Methods: 105 patients underwent an L5/S1 
anterior fusion and posterior spinal fusion from T2 to pelvis. 
The average age was 14.1 years and the mean of follow-up 
6.1 years. The pelvic parameters, hip pain visual analog scale 
and hip subluxation were compared between the preoperative 
and last follow up. Preoperative pelvic parameters were 
measured using 3D pelvic CT, and postoperatively the sitting 
lateral lumbar spine X-ray. Whole spine PA was used for hip 
subluxation.
Results: The Cobb angle was 65.8°±20.4° and 32.5°±17.5° at 
the f/u (p<0.001). The mean pelvic incidence was 38.2°±6.1° 
and 37.4°±6.7° at the f/u (p>0.05). The mean sacral slope 
was 34.4°±8.0° and 37.2°±10.3° at the f/u (p>0.05). The 
mean PT angle was 0.5°±7.2° and -8.2°±8.3° at the f/u (p< 
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0.05). Hip VAS was 2.5±2.3 and 3.6±2.6 at the f/u (p< 0.05). 
Preoperative hip subluxation was 3 cases (2.8%), but in the 
last f/u after surgery, 19 cases (18.1%).
Conclusions: Usually, patients with NM scoliosis show a 
smaller PT angle than normal people. And even after surgery, 
the small PT angle was more decreased, indicating a minus 
angle. In addition, the hip VAS was high in the pts with a 
small PT angle, and surgery significantly increase the hip 
subluxation ratio. Therefore, excessive decrease in PT angle 
due to surgery might be the cause of the increasing hip joint 
subluxation. To reduce this hip problem, it is necessary to 
increase the PT angle during surgery if possible.
Keywords: Neuromuscular scoliosis, Spinal fusion, Pelvic tilt, 
Hip subluxation

S028

Shoulder Balance Outcome Analysis in Posterior 
Correction for Patients with Adolescent Idiopathic 
Scoliosis: C7 Tilt Angle as a Surrogate Parameter 
for Postoperative Shoulder Balance and Its Clinical 
Implications for Upper Instrumented Vertebra Level 
Sele

Jui-Yo Hsu, Chih-Wei Chen, Ming-Hsiao Hu,  
Po-Liang Lai*,  Shu-Hua Yang 

Department of Orthopaedic Surgery, National Taiwan University Hospital, 
Taiwan 
*Department of Orthopaedic Surgery, Linkou Chang Gung Memorial Hospital, 
Taiwan

Purpose: This study examines the correlation between the 
individual vertebral tilt and shoulder balance, specifically 
aims to identify parameters that may serve as proxy for 
shoulder balance in surgical correction of adolescent 
idiopathic scoliosis (AIS).
Materials and Methods: Multicenter retrospective outcome 
analyses were performed in AIS patients receiving posterior 
spinal correction and fusion using all pedicle screws with 
derotation. Individual cervicothoracic vertebral tilt angle 
from C5-T4 were recorded. Shoulder balance was evaluated 
with following parameters: clavicular angle (CA), coracoid 
height difference (CHD), clavicular tilt angle difference 
(CTAD), clavicle–rib cage intersection difference (CRID), 

and first rib angle. Post-operative shoulder imbalance was 
defined as clinically significant when clavicle angle >2.5°.
Results: 109 patients of AIS patients, who received posterior 
correction and fusion between January 2012 and June 2018, 
were recruited for analysis. In postoperative coronal measures, 
C7 tilt angle has demonstrated moderate to high correlation 
with all 5 shoulder balance parameters, which was CA (r=0.496, 
p<0.0001), first rib angle (r=0.818, p<0.0001), CHD (r=0.404, 
p=0.0014), CTAD (r=0.348, p=0.0002) and CRID (r=0.397, 
p=0.0015). The trend was less obvious in other vertebral tilts 
proximal or distal to the cervicothoracic junction or with tilt 
angle of upper instrumented vertebra. Considering C7 as a 
landmark, UIV level’s proximity to C7 (C7-UIV distance) ≤2 
level was associated with lower risk for developing shoulder 
imbalance (Fisher’s exact test p=0.0301). In patients with C7-
UIV distance>2 level, logistic regression results demonstrated 
that increased postoperative C7 tilt angle is associated with 
post-operative shoulder imbalance (odd ratio=1.12, 95% 
confidence interval = [1.008, 1.237], p=0.0338).
Conclusions: C7 tilt angle demonstrated moderate to 
high correlation with both medial and lateral shoulder 
balance parameters postoperatively, and the trend was less 
significant in in other vertebral tilts proximal or distal to 
the cervicothoracic junction. UIV level’s proximity to C7 
was associated with lower risk for developing shoulder 
imbalance. Our findings showed balanced C7 tilt angle 
was associated with better postoperative shoulder balance, 
particular in patients with C7-UIV distance>2 level.
Keywords: Adolescent idiopathic scoliosis, C7 tilt angle, 
Shoulder balance, Upper instrumented vertebra
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Free Paper: Deformity II

S029

Long-term Influence of Paraspinal Muscle Quantity 
in Adolescent Idiopathic Scoliosis Following 
Deformity Correction by Posterior Approach

Hong Jin Kim, Dong-Gune Chang, Jin-Hyok Kim,  
Se-Il Suk, Yun-Jin Nam*, Jae-Hyuk Yang*,  
Seung-Woo Suh*

Department of Orthopaedic Surgery, Inje University Sanggye Paik Hospital, 
Seoul, Korea 
*Department of Orthopaedic Surgery, Korea University Guro Hospital, Seoul, 
Korea

Purpose: To investigate long term follow-up changes of 
paraspinal muscle volume in adolescent idiopathic scoliosis 
(AIS) following deformity correction by posterior approach.
Materials and Methods: Forty-two AIS patients who 
underwent deformity correction using PSI by posterior 
approach were retrospectively analyzed by longitudinal 
assessment of cross-sectional area (CSA) in paraspinal 
muscles with a minimum five-year follow-up. The CSA 
and radiological parameters were evaluated preoperatively, 
postoperatively, and at last follow-up. Measurements of the 
CSA of the paraspinal muscles were performed using axial 
computed tomography (CT) images at the level of the upper 
endplate L4 by manual tracing. 
Results: All CSAs of the multifidus, erector spine, and psoas 
major muscles were significantly increased at last follow-
up (177.9 mm2, 1370.0 mm2, and 732.8 mm2, respectively) 
(all p<0.005) with a mean follow-up of 9.9 years. The last 
follow-up CSA ratio of the psoas major muscle (124.5%) 
was increased significantly compared to the preoperative 
CSA ratio (122.0%) (p<0.005). The last follow-up CSA ratio 
of the multifidus and erector spine muscles was significantly 
decreased compared to the preoperative CSA ratio (all 
p<0.005). The CSA ratio of the erector spine muscle was 
correlated with the CSA ratio of the psoas major (correlation 
coefficient=0.546, p<0.001).
Conclusions: Minimizing the injury to the erector spine 
muscle is imperative to maintain psoas major muscle 
development in patients with underwent AIS surgery with 

posterior approach. Minimally invasive surgical technique 
with preservation of the erector spine muscle could be 
important for immature AIS patients.
Keywords: Adolescent idiopathic scoliosis, Paraspinal 
muscles, Cross-sectional area, Computed tomography, 
Posterior approach

S030

Effect of Posterior Crack Osteotomies on Coronal 
and Sagittal Balance in Fused Scoliosis Deformity 
Caused by Previous Surgery: Mid-term Results

Yun-Jin Nam, Jae-Hyuk Yang, Mi-Hyun Song,  
Ji Won Park*, Hong-Jin Kim†, Dong-Gune Chang†,  
Jae-Young Hong*, Seung-Woo Suh

Department of Orthopaedic Surgery, Korea University Guro Hospital, Seoul, 
Korea 
*Department of Orthopaedic Surgery, Korea University Ansan Hospital, Ansan, 
Korea 
†Department of Orthopaedic Surgery, Inje University, Sanggye Paik Hospital, 
Seoul, Korea

Purpose: After the scoliosis surgery, due to decompensation, 
progressive imbalance in the coronal and sagittal plane and 
neurological symptoms, revisional surgery might be required. 
However, few studies have investigated revisional scoliosis 
surgery with the fusion mass using osteotomy due to 
difficulty of instrumentation for fixation and correction. This 
study aimed to analysis the mid-term effect of posterior crack 
osteotomy on coronal and sagittal balance in patients with 
the fusion mass over the spine caused by previous surgery.
Materials and Methods: Patients underwent revisional 
scoliosis correction surgery due to nonunion, implant failure, 
or adding-on phenomenon and who followed up more than 5 
years were enrolled. All patients were treated using posterior 
crack osteotomy. For radiological evaluation, pre, post and 
final operative Cobb angle, and coronal and sagittal balance 
factors such as sagittal vertical axis (SVA), thoracic kyphosis 
(TK), and lumbar lordosis (LL) were used. 
Results: 18 patients (11 males and 7 females) were enrolled. 
Average follow-up period was 7.2±2.7 years. Pre and 
postoperative Cobb angles were 60.5°±21.8° and 31.0°±19.6° 
(p=0.001) and final follow-up Cobb angle was measured 
as 35.3°±14.5°. There was no statistical difference between 
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postoperative and final follow-up Cobb’s angles (p=0.19). In pre 
and postoperative evaluation of sagittal balance, mean SVA, TK, 
and LL were measured as 20.7±24.3 mm and 10.8±14.5 mm, 
29.7°±30.9° and 31.4°±18.1°, and 37.1°±40.3° and 46.3°±21.1° 
(p=0.02, 0.74, 0.33). At final follow-up, all values for sagittal 
balance were maintained without statistical difference with 
post-operative results (p=0.22, 0.87, 0.36). The coronal balance 
before and after surgery was 15.9±18.4 mm and 9.3±12.9 mm, 
and the difference between the two groups was statistically 
significant (p=0.005). At final follow-up, radiographic sign of 
non-union such as screw and rod breakage, screw loosening and 
decompensation were not observed in all cases. 
Conclusions: Posterior crack osteotomy provides a substantial 
and lasting improvement in overall radiologic alignment 
outcomes over 5 years after surgery. Posterior crack 
osteotomy can be used effectively in fused scoliosis 
deformity caused by previous surgery.
Keywords: Scoliosis, Revision, Osteotomy, Correction

S031

Assessment of Sarcopenia in Young Patients with 
Neuromuscular Disease and the Association with 
Scoliosis or Ambulatory Function

Kun-Bo Park, Yong-June Suk, Mi-Jung Lee

Department of Orthopaedic Surgery, Yonsei Severance Children’s Hospital,  
University, Seoul, Korea

Purpose: Sarcopenia defined as “a loss of function (either 
walking speed or grip strength) associated with a loss of 
muscle. Sarcopenia is noted in children with cerebral palsy 
and the muscle architecture is distorted in patients with 
neuromuscular disease. The loss of function may be manifested 
as hip dislocation or scoliosis in patients with neuromuscular 
disease and result in loss of walking ability. The purpose of this 
study was to assess the degree of sarcopenia in young patients 
with neuromuscular (NM) disease using CT and analyze the 
correlation between sarcopenia and neuromuscular scoliosis or 
ambulatory function.
Materials and Methods: Young patients without degenerative 
change (≤25 years old) who underwent CT for assessing 
scoliosis or hip dislocation from January 2019 to December 
2020 were retrospectively included. Bilateral psoas muscle 

areas (PMAs) at the level of L3 and L3 height were 
measured. To normalize, psoas muscle z-score (PMz) 
and psoas muscle index [PMI=PMA/ (L3 height)2] were 
calculated. Patients with and without neuromuscular 
disease were compared. The Cobb angle of scoliosis and 
the ambulatory function were also assessed. T-test, Pearson 
correlation partial correlation, and logistic regression 
analyses were performed.
Results: A total of 131 patients (average age 12.2±3.7 years) 
were included with 84 NM and 47 non-NM disease patients. 
Fifty patients had severe scoliosis (Cobb angle >40°). The 
NM patients had lower PMz (-2.60±1.13 vs. -2.08±1.11, 
p=0.012) and PMI (1.86±0.89 vs. 2.25±1.04, p=0.024) than 
the patients with non-NM diseases. The patients with severe 
scoliosis also had lower PMz (-2.97±1.10 vs. -2.07±1.05, 
p<0.001) and PMI (1.62±0.82 vs. 2.23±0.97, p<0.001) than 
the atients without severe scoliosis. In subgroup analysis 
with only NM patients, severe scoliosis patients also showed 
lower PMz (p<0.001) and PMI (p=0.001). Non-ambulatory 
group was significantly associated with BMI (β=0.829, 
p=0.003) and PMz (β=0.504, p=0.007) in multiple regression 
analysis. In only non-ambulatory group patients (n=44), 
the patients with severe scoliosis also showed lower PMz 
(p<0.001) and PMI (p=0.006).
Conclusions: Young patients with NM disease have 
sarcopenia. The psoas muscle volume is associated with 
ambulatory function in these patients. The sarcopenia was 
severe in patients with scoliosis within the non-ambulatory 
group.
Keywords: Sarcopenia, Neuromuscular disease, Scoliosis, 
Ambulation

S032

Early Scoliosis Treatment Results and Pitfalls Using 
of Magnetic Controlled Growing Rods (MCGR)

Hak-Sun Kim, Ja-Young Yoon, Jae-Won Shin*,  
Kyoung-Soo Suk, Sang-Jun Park

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

Purpose: A considerable number of patients are being treated 
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using MCGR in Korea, the complications of this surgery 
have been reported in other countries, but not yet in Korea. 
The purpose of this study is to evaluate relatively long-term 
results and pitfalls of surgical treatment using MCGR for 
EOS.
Materials and Methods: We performed a retrospective study of 
10 patients with a surgical treatment of EOS. The 10 patients 
had undergone treatment with MCGRs and lengthening 
procedures at 1-3-month intervals from January 2013 to 
January 2021. The mean patient age at surgery was 7.6±2.8 
years (range, 2.9-10.9 years), and the mean length of follow-
up was 49±32 months (range, 14-91 months). The subjects 
were 7 males and 3 females: 3 spinal muscular atrophy type 
2, muscular dystrophy 1, neurofibromatosis 1, transverse 
myelitis 1, congenital scoliosis 1, Arnold-Chiari syndrome 1, 
Marfan syndrome 1, cerebral palsy 1. Of the total 10 cases, 6 
cases had MCGR removed, and 4 cases still had the rod, and 
the average age of the rod was 35 months. The radiographic 
data such as Cobb angle, lumbar lordosis, thoracic kyphosis 
T1-S1 length, rod lengthening and number of un-planned 
surgery, and complications, were analyzed.
Results: The preoperative, last postop (with MCGR) and 
final follow-up mean Cobb angles were 78.9° (range, 39.4°-
102.9°), 45° (range, 4.7°-82°), and 38° (range, 8°-82°). 
These findings showed statistically significant improvement 
in the Cobb angle (p<0.05). The measurements for spinal 
height(T1-S1) had also increased significantly of 290 mm 
(range, 209-315 mm), 373 mm (range, 248-452 mm), and 
363 mm (range, 238-461 mm), respectively (p<0.05). 
The immediate postop entire rod length were 303±47 mm 
and 344±43.5 mm and lengthen rod 35.1±8.9 mm. The 
preoperative, last postoperative, and final follow-up mean 
height was 117 cm (range, 92.5-146.5 cm), 134 cm (range, 
102-163), and 140 cm (range, 112-168 cm), respectively 
(p<0.05). The thoracic kyphosis measurement was 42° 
(range, 5°- 89°) last operatively 13° (range, 3°-37°), which 
had decreased significantly to 44° (range, 12°- 80°) at the 
final follow-up (p<0.05). There were 15 cases of unplanned 
surgery due to complications, of which 2 cases were due to 
proximal anchor dislodge 3 times each, the rod itself broke 6 
times, and MCGR mechanical malfunction was 1 case.
Conclusions: EOS treatment using MCGR obtained relatively 
satisfactory, but if the stability of the proximal anchor was 
not obtained at the beginning, complications occurred 

repeatedly and the results were unsatisfactory
Keywords: Magnetic controlled growing rods (MCGR), EOS

Free Paper: Deformity III

S033

Sarcopenia as a Risk Factor of Proximal Junctional 
Kyphosis and Proximal Junctional Failure Following 
Adult Spinal Deformity Surgery

Jin-Seong Park, Kyu-Jung Cho

Department of Orthopaedic Surgery, Inha University, Hospital, Incheon, Korea

Purpose: The aim of this study was to investigate the risk 
factors for PJK and PJF, including muscle degeneration, and 
to compare which muscle degeneration in the lower back 
makes the difference between PJK and PJF more.
Materials and Methods: A retrospective study was performed 
in 84 consecutive patients who underwent a long-instrumented 
fusion for adult spinal deformities with a minimum least 
2-year follow-up. Separate survival analyzes for PJK and 
PJF were performed using the ANOVA test and student’s 
t-test and chi-square test for three categorical parameters: 
surgical, radiographic, and patient factors. Multivatiate 
Linear Regression was used for multivariate analyses. The 
variables with a p<0.05 on the univariate analyses underwent 
multivariate analyses.
Results: PJK occurred in 13 patients (15.6%) and PJF in 12 
patients (14.4%). The mean duration to onset was 15.72 
months for PJK and 1.75 months for PJF. Univariate analysis 
showed that the development of PJK and PJF was influenced 
by the severity of preoperative sagittal imbalance (Larger PI-
LL mismatch, Greater preoperative SVA, Lesser preoperative 
& postoperative LL, Lesser preoperative cervical lordosis, 
Greater preoperative & postoperative PJK angle). When it 
comes to comparisons of back muscle degeneration between 
PJK and PJF groups, examining L4 muscle volume and 
muscle/vertebral and fatty degeneration, they showed a 
lower percentage of L4 muscle (MF, ES, PS) and L4 muscle/
vertebrae in PJK & PJF than in the control group. L4 muscle 
(MF, ES) atrophy and L4 muscle/vertebrae & L4 fatty 
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degeneration tended to be more severe in the PJF group 
than in the PJK group. When the parameters of p<0.05 on 
univariate analyses were submitted to multivariate analyses, 
of risk factors included in the analysis, Preoperative SVA, 
postoperative PJK angle, L4 MF muscle were associated 
with development of PJK & PJF. Results of multivariable 
analysis for PJF risk factors compared with PJK are included 
risk factors, L4 ES muscle & L4 fatty degeneration were 
significantly associated with development of PJF.
Conclusions: This study showed a much earlier time to 
development of PJF compared to PJK. Muscle atrophy and 
fatty degeneration in the thoracolumbar and lower lumbar 
region easily caused PJF. The possibility of developing PJF 
should be kept in mind when planning long level fusion in 
patients with sagittal imbalance and muscle atrophy/fatty 
degeneration.
Keywords: Sarcopenia, Proximal junctional kyphosis and 
proximal junctional failure

S034 

Impacts of Additional Rod Technique on Rod 
Fracture in Adult Spinal Deformity Surgery: Analysis 
of Two Hundred Thirty-nine  Patients

Cheol-Hyun Jung, Jong-Jun Park, Jung-Hee Lee,  
Ki-Young Lee

Department of Orthopaedic Surgery, Kyung-hee University, Hospital, Seoul, 
Korea

Purpose: Traditionally, osteotomy such as pedicle subtraction 
osteotomy (PSO) have been used to recover spinopelvic 
harmony in patients with adult spinal deformity (ASD). 
Powerful correction is possible with PSO, but it can be 
accompanied with several complications. Therefore, an 
interest on minimally invasive lateral lumbar interbody 
fusion (LLIF) has been growing, allowing rounder lordosis 
correction and decreasing complications. However, 
pseudarthrosis including rod fracture (RF) is still the common 
problematic complications. The purpose of this study was to 
analyze the effectiveness of the additional rod technique for 
reducing the incidence of RF in deformity correction of ASD 
including PSO and multilevel LLIF with PCO using stiff rod.

Materials and Methods: We retrospectively selected 239 
consecutive patients with ASD (mean age 71.4 years, 
minimum 2-year follow-up) who underwent deformity 
correction from T10 to S1 with sacropelvic fixation. Patients 
were classified according to the occurrence of RF (non-RF 
vs. RF), correction method (PSO vs. LLIF), application of 
additional rod (2-rod vs. 4-rod, PSO 2-rod vs. PSO 4-rod, 
and LLIF 2-rod vs. LLIF 4-rod). For predicting the crucial 
factors of RF, patient factors, radiographic parameters, and 
surgical factors were analyzed.
Results: The overall rate of RF incidence was 21% (50/239 
cases) in our study; 32% (28/88 cases) of PSO, 15% (22/151 
cases) of LLIF, 32% (46/142 cases) of 2-rod, 4% (4/97 cases) 
of 4-rod, 65% (24/37 cases) of PSO-2 rod, 8% (4/51 cases) of 
PSO-4 rod, 21% (22/105 cases) of LLIF 2-rod, and 0% (0/46 
cases) of LLIF 4-rod. By logistic regression analysis with 
predictive factors led to risk factors of RF, PSO, preoperative 
pelvic incidence minus lumbar lordosis mismatch, and the 
accessory rod technique were crucial factors for RF. There 
were no significant radiographic differences between 2-rod 
group and 4-rod group.
Conclusions: For restoring and maintaining sagittal alignment 
in ASD patients over 65 years, applications of accessory rod 
technique will be effective methods for reducing RF in ASD 
surgery including both PSO and LLIF.
Keywords: Adult spinal deformity, Lateral lumbar interbody 
fusion, Pedicle subtraction osteotomy, Pseudarthrosis

S035

The Effect of Preoperative Spinopelvic Compensation 
States on Patient-Reported Outcome (PRO) of Adult 
Spinal Deformity Surgery: Using Three-Dimensional 
Motion Analysis Results

Dae-Woong Ham, Ho-Joong Kim*, Oh-Sang Kwon*

Department of Orthopaedic Surgery, Chung-Ang University Hospital, Seoul, 
Korea 
*Department of Orthopaedic Surgery, Seoul National University, Bundang 
Hospital, Seongnam, Korea

Purpose: This study aimed to investigate whether preoperative 
motion analysis can predict postoperative clinical outcomes in 
patients undergoing surgery for adult spinal deformity (ASD).
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Materials and methods: This study included patients who 
underwent surgery for ASD at a single center and whose 
motion analysis results were available. Data on the patients' 
demographic characteristics, perioperative medical 
complications, and postoperative mechanical complications 
were collected. All patients underwent preoperative three-
dimensional gait analysis using a motion analysis system. 
Uni- and multivariate regression analyses were performed 
to determine the predictive parameters of postoperative 
12-month ODI.
Results: Overall, 111 patients who met the inclusion criteria 
were enrolled in the study. In multivariate regression 
analysis, the final model showed that the preoperative sacral 
slope angle and mean anterior pelvic tilt (Ant-PT) angle 
in motion analysis were significant predictors (p=0.013 
and 0.009, respectively). The high Ant-PT group showed 
poor postoperative 12-month ODI than the small Ant-PT 
group with mean ODI values of 21.9±8.4 and 16.7±8.5, 
respectively (p=0.001). The simple linear regression analysis 
revealed that Ant-PT showed a positive correlation with the 
postoperative sagittal vertical axis value in all follow-up 
periods, i.e., immediately and at 3-, 6-, and 12-months, with 
statistical significance.
Conclusions: The present study highlights that the 
preoperative Ant-PT angle in motion analysis was associated 
with poor clinical outcomes after surgery for ASD. 
Therefore, it is needed to observe and consider the dynamic 
gait pattern related to the compensation mechanism for 
sagittal imbalance in the decision-making process of ASD 
surgery.
Keywords: Adult spinal deformity, Motion analysis

S036

Radiological Outcome after a Modified Anterior 
Column Realignment in Oblique Lateral Interbody 
Fusion

Chang-Hoon Jeon, Nam-Su Chung, Han-Dong Lee,  
Hee-Woong Chung, Ki-Hoon Park, Jong-Min Jeon

Department of Orthopaedic Surgery, Ajou University School of Medicine, Suwon, 
Korea

Purpose: To evaluate the radiological outcome after a 

modified anterior column realignment (ACR) with partial 
release of anterior longitudinal ligament (ALL) in oblique 
lateral interbody fusion (OLIF).
Materials and Methods: A total of 106 consecutive cases with 
OLIF using 12° lateral cage and had more than 1-year regular 
follow-up been included. The modified ACR was performed 
with ipsilateral 30 to 50% sectioning of the ALL at 67 levels. 
Each operated level was grouped according to the modified 
ACR and additional posterior column osteotomy (PCO) as 
(1) no modified ACR, OLIF only (N=39), (2) modified ACR 
with no PCO (N=18), (3) modified ACR with grade 1 PCO 
(N=27), or (4) modified ACR with grade 2 PCO (N=22).
Results: The mean disc angle at the last follow-up were 
11.3±3.2° in no modified ACR, 13.3±3.0° in modified ACR 
with no PCO, 14.6±4.3° in modified ACR with grade 1 PCO, 
and 15.8± 6.7° in modified ACR with grade 2 PCO (p<0.001). 
There was no difference in fusion rate, cage subsidence, and 
the occurrence of perioperative complications among the 
four groups (all p>0.05).
Conclusions: The modified ACR in OLIF with 30-50% partial 
release of ALL is simple, safe, and effective technique in the 
disc angle restoration.
Keywords: Oblique lateral interbody fusion, Anterior column 
realignment, Anterior longitudinal ligament, Disc angle, 
Posterior column osteotomy

Invited Lecture II

Novel, Safe, and Easy Spinal Osteotomy for Regional 
Kyphotic Deformities

Cheng Hung Lee

President, Taiwan Spine Society, Taiwan 
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Symposium: MIS 
MIS Technique in Revision 

Surgery

Uniportal Endoscopic Application in Revision 
Surgery

Myung Soo Youn, Young Ha Woo  

Department of Orthopaedic Surgery, Busankeun Hospital, Busan, Korea

Backgrounds and Introduction: The success rate of revisional 
lumbar disc herniation surgery may be lower than that 
of the initial operation, which is primarily attributed to 
postoperative epidural scarring, progradient degeneration 
with stenosis, arachnoiditis, segmental instability, or 
additional tissue damage. Epidural scarring may lead to 
an increased risk of injury to the dura or adjacent neural 
structures. Uniportal endoscopic application in revision 
surgery have some advantages because of minimal invasive 
techniques.
Main Body: The term failed back surgery syndrome (FBSS) 
has been commonly used to describe patients who experience 
chronic disabling lower back pain and/or log pain after spinal 
surgery. From a statistical standpoint, the second operation 
has a 50% change of success, and after the second operation, 
patients are more likely to be made worse than better. 
Revisional disc surgery has higher complication rates than 
primary disc surgery such as blood loss, infection, structural 
instability and incomplete decompression. Especially, 
epidural scarring is a major problem of revisional discectomy 
leading to neural damage and dural tear. Therefore, clear 
visualization with endoscopic view can differentiate neural 
structure from scar tissue and adhesiolysis performed while 
preserving stability of the normal spinal structure would 
decrease the risk of complications and unnecessary fusion 
surgery.
Conclusions: Uniportal endoscopic application in revision 
spinal surgery is a safe and effective procedure that does not 
cause additional structural damage. Uniportal endoscopic 
surgery can be used safely and effectively for recurrent disc 
herniations regardless if a patient underwent microscopic or 
endoscopic surgery.

Keywords: Uniportal endoscopic, Minimal invasive, 
Recurrent disc, Revision

Application with Biportal Endoscope in Revision 
Surgery

Ju-Eun Kim

Department of Orthopaedic Surgery, Himnaera Hospital, Busan, Korea

Backgrounds and Introduction: Biportal endoscopic spinal 
surgery (BESS) has recently begun to emergy as viable 
spinal surgery technology to alternate the microscope. The 
advantage of this technique is that it allows for excellent 
optical magnification and precise work on neural structures. 
After BESS was to be applied to spinal surgery, it is now 
possible to approach from unilateral side, allowing bilateral 
decompression as well as minimally invasive spinal fusion. 
Recenlty, this technique has begun to be applied to adjacent 
segmental degeneration or index level that has occurred after 
microscopic spinal surgery or conventional open spine. The 
purpose of this study is to investigate the clinical advantage 
of BESS as a alternative way of reoperation for lesions that 
have occurred after open spine surgery or BESS.
Main Body: From December 2018 to September 2021, 346 
patients who underwent laminectomy or transforaminal 
interbody fusion through BESS were enrolled. Among 
them, 31 patients underwent revision surgery with BESS. 17 
patients underwent revision surgery after BESS as the first 
operation in our hospital, 14 underwent revision surgery due 
to lesions that occurred after open spine surgery including 
microscopic spine surgery. Visual analog scale (VAS) for 
back pain and leg pain, and postoperative complications 
were investigated. At the 6-month follow-up, the visual 
analog scale (VAS) for the lower back improved from 6.1 to 
3.3, and the visual analog scale (VAS) for leg pain improved 
from 6.8 to 2.2. Of a total 31 cases, 19 cases underwent 
Biportal endoscopic interbody fusion (BELIF), and 12 cases 
underwent laminectomy by BESS. Complications was not 
occurred in the patient who underwent revision surgery, and 
no second revision surgery was performed.
Conclusions: Revisional Laminectomy and interbody fusion 
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with BESS showed favorable outcome. In particular, BELIF 
demonstrate better results compared to laminectomy.  
Revision surgery with BESS is considered  alternative to 
revision surgery with open technique.
Keywords: Endoscopy, Lumbar vertebrae, Minimally invasive 
surgical procedures, Spinal stenosis, Revision surgery

MIS Technique in Revision Surgery: Application 
with Tubular Retractor

Seung-Pyo Suh

Department of Orthopaedic Surgery, Sung-ae Hospital, Seoul, Korea

Backgrounds and Introduction: One of the biggest challenges 
in spine surgery is revision surgery. Due to re-rupture after 
disc removal and adjacent segment disease after fusion, the 
rate of reoperation within 5 years after spinal surgery has 
been reported up to 14%. However, during reoperation, direct 
access to the lesion is very difficult due to severe adhesions 
to the existing surgical site, and complications such as 
dural tear and nerve damage may occur when approaching 
the same site. Therefore, the purpose of this study was to 
investigate the minimally invasive revision surgery using a 
tubular retractor.
Main Body: The minimally invasive surgical method using 
a tubular retractor is a representative method for lumbar 
decompression and fusion. Decompression can be performed 
to the opposite side by approaching obliquely from the 
direction of the main symptom, and muscle damage can be 
minimized. In this way, the access to the lesion site outside 
the midline incision can be very easy. However, the field of 
view may be narrow and you should always be careful of 
insufficient decompression, so it is very important to check 
the decompression range through the land mark. The location 
of the incision must be determined in advance according 
to the main lesion through the preoperative image, and it is 
important to secure enough space between the muscle and 
the bone after the incision to facilitate the change of direction 
of the tubular. Also, most important is the selection of the 
appropriate patient. Because it is approached from one side, 
the best indication for revision using a tubular retractor is 

for a patient with unilateral disc re-rupture rather than a case 
with bilateral symptoms. As an approach, a transforaminal 
or extraforaminal approach is possible. In addition, if 
there is a change such as calcification or ossification of the 
posterior structures, direct decompression is required, so it is 
somewhat limited as a minimally invasive technique.
Conclusions: Revision using a tubular retractor will have 
many advantages of minimally invasive surgery and good 
clinical results like conventional surgery if the technique is 
learned with proper patient selection and some caution.
Keywords: Tubular retractor, Minimally invasive, Revision 
surgery

MIS Technique in Revision Surgery: Application 
with Anterior Technique

Jin-Sung Park

Department of Orthopaedics Surgery, Sungkyunkwan University, Samsung 
Medical Center, School of Medicine, Seoul, Korea

Backgrounds and Introduction: Revision surgery of the spine 
can be considered mainly in two ways. The first is when only 
decompression was previously performed, but, degenerative 
changes caused problems in the operated segment, and 
the second is when problems were observed in adjacent 
segments after fusion. Minimally invasive surgery using an 
anterior approach is a favorable technique for reoperation.
Main Body: The biggest challenge for revision surgery of 
the spine is adhesions around the nerves that have been 
previously decompressed. In most cases requiring revision 
surgery after decompression, fusion is often necessary. 
However, adhesions around the nerves limit lumbar interbody 
fusion with posterior approach. In contrast, lumbar interbody 
fusion can be easily achieved with anterior approach. In 
addition, fusing using anterior approach allows to insert a 
cage with a high height, which helps to indirectly decompress 
by restoring the intervertebral space. In particular, in cases 
of neural foraminal stenosis caused by narrow intervertebral 
collapse, indirect decompression effects may be obtained 
without direct assessment of the areas around the nerve 
with adhesions. Moreover, in adjacent segment diseases, an 
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adequate lordotic angle must be secured. Using the anterior 
approach, a cage with a large angle can be easily inserted, 
offering many advantages in restoring the lordotic angle. 
Recently, by using anterior column realignment technique to 
cut anterior longitudinal ligament, about 30 degrees in one 
segment was achieved, restoring a sufficient lordotic angle 
without additional osteotomy.
Conclusions: Anterior approach in revision surgery of the 
spine helps to easily achieve lumbar interbody fusion without 
passing through the fusion site from the previous surgery. In 
the anterior approach, a cage with a large angle and height 
may be used and allows the recovery of lordotic angle as 
well as indirect decompression.
Keywords: Revision surgery, Adhesion, Anterior technique, 
Lordotic cage, Indirect decompression 

Symposium: MIS 
Technical Tips of MIS Fusion 

Surgery

Using Endoscopy

Hyun-Jin Park

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

Backgrounds and Introduction: Biportal endoscopic spine 
surgery (BESS), a surgical technique that has been recently 
developed, has the advantage of high flexibility of the 
surgical field and instruments through two independent 
portals. Prior reports have shown that the clinical results 
of BESS are not inferior to microscopic surgery. Recently, 
several studies applying these advantages to lumbar 
interbody fusion have been actively conducted, and some 
studies have reported better results conventional lumbar 
interbody fusion in early postoperative period. Biportal 
endoscopic transforaminal lumbar interbody fusion (BE-
TLIF) is performed in a small space, similar to minimally 
invasive transforaminal lumbar interbody fusion (MI-TLIF). 
This procedure carries a risk of nerve or dura mater damage 
during cage insertion, and it is difficult to place a cage of an 

appropriate height in an ideal position without subsidence. 
In addition, there is a risk that the fusion rate may decrease 
as the fusion material in the disc space is washed out for 
surgery, as lesser auto bone grafts.
Main Body
1. Indications

The indications for BE-TLIF are similar to those of other 
minimal invasive fusion (MIS fusion) surgery. Grade I or II 
spondylolisthesis with radiculopathy is the most common 
indication. In addition, recurrent disc herniation, spinal 
stenosis, and degenerative disc disease with instability 
may also be an indication, even if treated with adequate 
conservative treatment. Relative contraindications may be 
accompanied by grade III or IV spondylolisthesis, conjoined 
nerve roots within the foramen, severe osteoporosis, 
fractures, infections, or tumors. However, in MI-TLIF, 
when revision surgery is performed, the possibility of 
complications may increase. In the case of BE-TLIF, it is 
easy to distinguish between scar tissue and normal tissue 
due to the clear field of endoscopic view, and because BE-
TLIF can be performed by approaching the extraforaminal to 
avoid the previous surgical site, direct decompression of the 
lesion is possible, and the possibility of complications can be 
reduced. 
2. How to reduce pseudoarthrosis 

Most of the papers published so far have reported that MIS 
fusion is not inferior to open lumbar interbody fusion; 
however, there is a concern that the fusion rate in MIS 
fusion will be lower than that in the real field. This is also 
the case with BE-TLIF, and there is an additional concern 
that the amount of bone harvested is smaller than that in 
open surgery, and the fusion material in the disc space may 
be washed out. However, compared with posterior fusion, 
BE-TLIF can be performed while viewing the endplate 
preparation directly; therefore, endplate preparation can be 
performed more reliably. It is also expected that the fusion 
rate could be further increased by using BMP, 3D printing 
the porous cage, and using large cages (>40 mm).
3. How to achieve lumbar lordosis 

In MI-TLIF, it is difficult to achieve more lordosis as 
compared with open conventional lumbar interbody fusion 
because the posterior structure remains unremoved and it 
is difficult to insert a cage with a large angle. However, if 
the multi-portal technique of inserting a large cage is used, 
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contralateral facetectomy can be sufficiently performed 
using the two central portals to remove more of the posterior 
structure, and the large cage can be rotated anteriorly through 
extraforaminal approach. In addition, the use of percutaneous 
screws with slim sleeves may attempt to increase lordosis 
as the compressor can be inserted up to the screw head for 
compression.
Conclusion: BE-TLIF is a promising surgical method with 
high potential for development in MIS fusion. However, we 
need further technological advances to reduce the operating 
time of BETLIF.
Keywords: Lumbar degenerative spondylolisthesis, Segmental 
instability, Degenerative disc disease, Biportal endoscopic 
lumbar interbody fusion 

Using Tubular Retractor (MIS TLIF) 

Ki-Hyoung Koo 

Department of Orthopaedic Surgery, Chamjoeun Hospital, Spine Center, 
Gyeonggido Gwangju, Gyeonggi, Korea

Backgrounds and Introduction: Minimally invasive TLIF 
(MIS TLIF) using tubular retractor has been reported to 
be a useful treatment option for the patients with various 
degenerative lumbar diseases. Many studies have reported 
the favorable clinical results of MIS TLIF. However, it would 
be still technically demanding, leading to relatively higher 
complication rates and longer operative time during the early 
period of the learning curve. The technical difficulty of the 
procedure, combined with inadequate training, is evident in 
initial studies of MIS TLIF.
Main Body: MIS TLIF showed some potential complications 
due to small working space and visual field as well as 
general complications including postoperative infection, 
epidural hematoma, neurologic deficit, and nonunion. The 
most commonly encountered complication was nonunion. 
Although the fusion rate of MIS TLIF has been reported 
to be similar to that of open fusion surgery in the previous 
many clinical studies. To enhance the fusion rate, special 
care should be taken such as meticulous disc space 
preparation, proper use of graft materials including DBMs, 
rhBMPs and correct insertion of proper sized cage same as 

with the open fusion surgery. Another concern would be 
the reconstruction of segmental lordosis after MIS TLIF. 
MIS TLIF might be a valuable procedure for restoration 
of lordosis, but individualized intervertebral segment and 
spinal alignment parameters my limit the degree of lordosis 
correction. There was no significant difference between MIS 
TLIF and open fusion surgery in various clinical studies.  
The use of hyperlordotic cage and anterior placement of 
banana or crescent shaped cage have been associated with 
increased lordosis correction in some studies. However, it 
could be challenging to achieve the enough reconstruction of 
segmental lordosis only with one-level MIS TLIF. Therefore, 
alternative techniques including lateral lumbar interbody 
fusions (DLIF, OLIF) could be considered to achieve a 
further increase in lordosis for the purpose of getting better 
overall sagittal balance. 
Conclusions: MIS TLIF using tubular retractor wound be 
safe and effective procedure for treating various lumbar 
degenerative disease although the potential benefits might 
be concerned in the early period after operation. A difficult 
learning curve of MIS TLIF demands that surgeons have 
sufficient preclinical training.
Keywords: Lumbar spine, Degenerative lumbar disease, 
Complications, Transforaminal lumbar interbody fusion, 
Tubular retractor

Using LLIF Technique

Jae-Young Hong

Department of Orthopaedic Surgery, Korea University Ansan Hospital, Ansan, 
Korea

Backgrounds and Introduction: Transpsoas lateral lumbar 
interbody fusion (LLIF) offers a minimally invasive approach 
for clinically significant indirect decompression of the central 
canal, lateral recess, and neural foramen. Large-footprint 
interbody cages placed from an anterolateral trajectory 
can restore disk height, distract the posterior longitudinal 
ligament, unbuckle the ligamentum flavum, and enlarge the 
epidural space.
Main Body: For surgeons to achieve clinically meaningful 
indirect decompression, a careful preoperative examination 
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includes an assessment of disk height, vacuum disk 
phenomenon, and degenerative autofusion in the facet 
joint. Meticulous intraoperative attention is given to disk 
space preparation to promote arthrodesis, protection of the 
cartilaginous endplate to prevent postoperative subsidence, 
and coronal concavity and osteophyte distribution because 
these factors can markedly affect disk space access and 
distraction. Even in ideally selected surgical candidates 
for LLIF, if the surgeon fails to consider these factors, 
the likelihood of successful indirect decompression 
plummets. Failed indirect decompression causes the patient 
to experience persistent postoperative low back pain 
from ongoing canal stenosis or radiculopathy because of 
inadequate lateral recess or neural foramina decompression. 
It remains unclear which patients experience clinically 
significant failed indirect decompression. 
Conclusion: Subsidence and adjacent segment disease after 
LLIF carries a nonnegligible risk that may be incorporated in 
surgical consent discussions in selected patients.
Keywords: Lateral lumbar interbody fusion, Subsidence, 
Adjacent segment disease

Symposium: MIS 
Current Issues of MIS Surgery

Decompression-only for Lumbar Degenerative 
Spondylolisthesis

Dae-Jung Choi

Department of Orthopaedic Surgery, Himnaera Hospital, Busan, Korea 

Backgrounds and Introduction: Lumbar degenerative 
spondylolisthesis shows two specific characters in contrary 
to spinal stenosis with no ventral slip. One is proximal 
bony stenosis due to upper lumbar olisthesis and the other, 
central stenosis with concomitant foraminal stenosis by facet 
subluxation. Open laminectomy and reduction of olisthesis 
mitigate proximal bony stenotic narrowing, cage insertion and 
disc height restoration improve foraminal narrowing. Fusion 
with instrumentation is a golden policy for relevant segment. 
However, it is one of prominent causative factors of near-future 

revision surgery for adjacent segment diseases.
Main Body: Biportal endoscopic spine surgery (BESS) is 
useful for sublaminar decompression in narrower spinal 
canal with preserving facet joint stability. In helps of free 
scoping and deeper accessibility of instrument to the various 
intraspinal pathology, decompression can be performed with 
satisfaction for central and concomitant foraminal stenosis 
in one approach. Incomplete decompression can be one 
of immediate radicular pain after surgical decompression 
rather than fastened instability. Too much facet resection into 
unstable one can be another reason of early revision surgery 
to fusion. Transforaminal decompression for foraminal 
stenosis in segmental lateral subluxation (coronal tilting) 
can make creeping subsidence and early restenosis of the 
foramen due to scarifying lateral plane of superior articular 
process.
Conclusions: Decompression-only using BESS is one of 
the recommendable treatment for lumbar degenerative 
spondylolisthesis, not for just patients’ old age but for 
technical feasibility of complete decompression of central 
and foraminal decompression with preserving facet stability. 
Decompression is contrary to fixing or making facets rigid. 
Stability even after decompression-only can be preserved 
as natural stability of less mobility and hypertrophied facet. 
Immediate postoperative radicular pain mostly comes 
from incomplete decompression at proximal bony stenosis 
or neglected foraminal stenosis rather than aggravating 
instability after decompression-only. Transforaminal 
approach can be inappropriate trajectory for foraminal 
decompression of spondylolisthesis with coronal titling. 
Decompression-only using BESS needs specific strategy for 
degenerative spondylolisthesis including catching various 
pathologic points and accessing all of them with preserving 
facet stability. 
Keywords: Lumbar, Stenosis, Spondylolisthesis, Minimally 
invasive, Endoscopic
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Cervical Biportal Endoscopic Surgery

Seok-Bong Jung 

Department of Orthopaedic Surgery, Jinju Bon Hospital, Junju, Korea

Backgrounds and Introduction: There have been considerable 
attempts at endoscopic approaches for the surgical treatment 
of cervical and thoracic disc diseases. However, endoscopic 
cervcical surgeries is limited because of bleeding and spinal 
cord. This report shows safe and fast cervical decompression 
technically by biportal endoscopic technque.
Main Body: The entry points were marked 1 cm above and 2 
cm below the target intervertebral level (lower margin of the 
upper lamina) and 0.5 cm laterally from the spinous midline. 
The marked skin can be opened by 1 cm using the transverse 
incision method. The cranial portal was used for continuous 
irrigation and endoscopy, and the caudal portal was used 
for the operating devices. After muscle exfoliation using a 
dissector, a 30-degree arthroscope with a 4 mm diameter 
was inserted into the target lamina. A continuous irrigation 
system was connected and controlled to set a pressure of 30 
mmHg. After ensuring a clear endoscopic view, The V point 
between the lower margin of upper lamina and the upper 
margin of lower lamina is checked. After partial laminectomy 
was performed using an elliptical arthroscopic burr., the 
ligamentum flavum (LF) was removed using a Kerrison 
punch. The neurovascular structures of the central canal and 
foramen were inspected. The total inferior articular process 
and partial superior articular process were subsequently 
removed. After checking the axillary and shoulder portion of 
the cervical root, Sufficient decompression is done.
Conclusions: Biportal endoscopic spinal surgery can be 
performed safely wth less bleeding and short surgery time in 
cervical disc dieases. 
Keywords: Minimal invasive, Cervical disc herniation, 
Biportal endoscopic, Arthroscope

C 6-7  biportal endoscopic surgery

Thoracolumbar Fracture (Percutaneous posterior 
fixation vs Conventional Fusion)

Eun-Min Seo

Department of Orthopedic Surgery, Chunchon Sacred Heart Hospital, Hallym 
University College of Medicine, Chuncheon, Korea

Backgrounds and Introduction: Thoracolumbar fractures 
are the most frequent fractures of the axial skeleton, and 
approximately two thirds of these fractures occur between 
T11 and L2. According to international statistics, about 5% 
of fractures are spinal fractures, among which 54.9% were 
thoracolumbar fractures. It has been widely accepted that 
surgical treatment is required for fractures with neurological 
deficit and unstable thoracolumbar fractures.
Main Body: Conventional surgical treatment of thoracolumbar 
fractures has been performed mainly using an open midline 
approach involving fixation of the fracture with a pedicle 
screw-rod system associated with posterolateral bony fusion. 
Conventional surgical treatment was done with extensive 
detachment of paraspinal muscles to expose vertebral plates, 
and prolonged traction of muscles and ligaments, which 
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might result in denervation and scarring of the muscles, 
causing intractable pains, stiffness, and weakness in lower 
back. For thoracolumbar fractures without neurological 
deficit, decompression is not required, and the treatment 
focuses on recovering the height of fractured vertebra, 
restoring the stability of the spine and avoiding complications 
due to spinal cord injuries and prolonged bed rest. Therefore, 
a less invasive and more convenient and effective surgical 
procedure are desired for the treatment of thoracolumbar 
fractures in which decompression is not required. In 1984, 
Magerl reported the treatment of patients with spinal 
fractures using percutaneous pedicle screws, pioneering the 
minimally invasive treatment of thoracolumbar fractures. 
Percutaneous pedicle screw fixation (PPSP) has less effect 
on paraspinal muscles and faster post-operative recovery 
than open fixation. Many studies reported that thoracolumbar 
fractures without neurological deficit were treated with 
minimally invasive percutaneous procedure, which all 
achieved satisfied outcomes. However, PPSP is not without 
risks and complications. Some studies reported that PPSP 
is not as good as the open reduction internal fixation group 
in terms of fracture reduction ability. It is reported that 
percutaneous placed pedicle screws has a relatively high 
error rate, while the fracture height is easy to lose and the 
nuts is easy to fall off. 
Conclusion: The effect of minimally invasive PPSP is similar 
that of conventional surgery and has the advantages of less 
trauma, bleeding, and pain and rapid post-operative recovery.
Keywords: Thoracolumbar fractures, Percutaneous pedicle 
screw fixation

Osteoporotic Vertebral Compression Fracture: 
Kyphoplasty vs Vertebroplasty

Ki-Youn Kwon 

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

Backgrounds and Instruction: For osteoporotic vertebral 
compression fractures, vertebroplasty(VP) and kyphoplasty 
(KP) are used as minimally invasive treatment. A lot of 

research has been done on two minimally invasive methods 
for the treatment of osteoporotic compression fractures, 
and the advantages and disadvantages of each method and 
clinical comparison are to be made.
1. Differences in Clinical Radiological Results between VP and KP

Theoretically, KP can be expected to recover more vertebral 
height by pushing up the upper endplate of the compressed 
fractured vertebra through ballooning within the fractured 
vertebra. As a result, a larger amount of cement can be 
injected into the vertebral body at low pressure, thereby 
preventing cement leakage outside the vertebral body that 
occurs when performing the conventional VP. Many studies 
have reported that the recovery of compression rate is greater 
with KP than with VP, but some studies report that the 
recovery of the anterior vertebrae height is only about 3mm, 
which has no clinical significance. 
2. Difference between VP and KP; re-fracture and complications

Since KP is a method of injecting cement after making 
a certain amount of space for cement to be injected, it is 
possible to inject cement into the vertebral body with low 
pressure, so it has an advantage over VP because it can 
prevent cement leakage outside the vertebral body. Since 
cement injected into the vertebral body of osteoporosis is 
relatively stronger than the vertebral body, the risk of re-
fracture of the treated vertebral body and fracture of the 
adjacent vertebral body is high. In the Cadaveric study, 
there is a report that, when KP is performed, the degree 
of recovery of the anterior vertebral body height is large 
immediately after the procedure, but the degree of decrease 
in the vertebral body height is greater than that of VP when a 
repetitive load is applied. This is because, when performing 
KP, the microstructure of the vertebral body is destroyed and 
the engagement between the cement and the adjacent normal 
bone is insufficient.
Conclusions: VP and KP relieve acute pain in osteoporotic 
compression fractures, and are minimally invasive surgical 
methods. If you know the pros and cons of VP and KP 
and use them, you will reduce possible complications and 
maximize the clinical therapeutic effect.
Keywords: Osteoporotic vertebral compression fracture, 
Vertebroplasty, Kyphoplasty
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Invited Lecture IV
 

Cervical Spondylotic Myelopathy What Really 
Matters? 

Shankar Acharya

President, Association of Spine Surgeons of India, India 

Free Paper: MIS I

S037

Wharton’s Jelly Allogeneic Stem Cells as A Promising 
Therapy In Post-Traumatic Spinal Cord Injury 
Complete Type: A Case Series

Yudha Mathan Sakti, Muhammad Riyad  Filza

Department of Orthopaedic and Traumatology, Faculty of Medicine, Public 
Health and Nursing, Universitas Gadjah Mada / Sardjito General Hospital, 
Yogyakarta, Indonesia

Purpose: Post-traumatic spinal cord injury is a challenging 
condition results which significantly impacts the quality 
of life. Various treatment including medication, surgery 
and rehabilitation therapy have been performed, but the 
therapeutic effects and the outcomes remain unsatisfactory. 
Stem cell transplantation has become a promising treatment, 
and Wharton’s jelly allogeneic stem cell widely available 
without any ethical conflicts or damage to the cell donor 
and thus has great advantage. The risk of graft rejection 
using these types of cells is also very low due to their 
hypoimmunogenicity. The aim of this study is to evaluate the 
clinical outcome in patients with post-traumatic spinal cord 
injury complete type treated with Wharton’s jelly allogeneic 
stem cell using miniopen laminotomy and intrathecal 
injection technique.
Materials and Methods: Three patients with post-traumatic 
spinal cord injury complete type were administered 
Wharton’s jelly allogeneic stem cell in Sardjito General 
Hospital Yogyakarta, Indonesia. They had previous 

decompression and stabil ization surgery with no 
improvement of the neurological condition. Their treatment 
plan comprised 3 injection sessions, with 2 weeks gap phases 
separating each therapy session. The technique of injection 
was intrathecal injection with miniopen laminotomy 
procedure acts as a marker. Each patient was conducted 
injections with the total of 8×107 cells. The clinical outcome 
parameters were evaluated, including lower extremity 
diameter, visual analogue score, sensory function, motoric 
function, American Spinal Injury Association (ASIA) scoring 
system, autonomic function, and quality of life using Barthel 
Index dan Karnofsky Performance Scale.
Results: The patients showed improvements in the clinical 
outcome parameters which evaluated and compared between 
pre- and six-months post-treatment, except motoric function. 
No adverse effects were observed in all patients after the 
treatment.
Conclusions: Transplanted allogeneic stem cells from 
Wharton’s jelly using miniopen laminotomy and intrathecal 
injection technique was safe and promising as a possible 
hope to improve neurological function in post-traumatic 
SCI complete type. Studies with larger sample sizes and 
long-term observations are ongoing to support the use of 
Wharton’s jelly allogeneic stem cell therapy.
Keywords: Spinal cord injury, Stem cells, Wharton’s jelly, 
Miniopen laminotomy, Intrathecal

S038

Causes of Early Symptomatic Recurrence after L5-
S1 Foraminal Decompression

Dae-Jung Choi 

Department of Orthopaedic Surgery, Himaera Hospital, Busan, Korea

Purpose: To report clinical manifestation and causes of 
early recurrence of radicular pain after L5-S1 foraminal 
decompression. 
Materials and methods: Jan. 2019 to Dec. 2020, 164 
patients (F:80, M:84, aged 69.7-7.7 years) underwent L5-
S1 foraminal decompression using biportal endoscopic 
spine surgery (BESS) and followed up 6~24 months. 
Diagnosis included foraminal stenosis (FS,138), FS 
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with lateral recess stenosis (FS with LRS,15), and adult 
isthmic spondylolisthesis (AIS,11). One-sided foraminal 
decompression, 86 cases (Lt.49/Rt.37), and both-sided 
ones, 78 cases. Four approaches were applied by Ipsilateral 
posterial approach (IPA,1), Contralateral approach (CLA, 
22), Transforaminal approach (TFA,128), and IPA with TFA, 
(IPA+TFA,13). The time when intolerable radicular pain 
occurred around the L5 root dermatome, was checked as 
recurrence.
Results: Twenty-one patients (12.8%,21/164) had recurrence, 
17 recurrences (81.0%) among them were within postoperative 
2 months. Nineteen cases used TFA (14.8%), 1 case of CLA 
(4.5%, a case with lateral plane SAP savored), and 1 case 
of IPA+TFA (7.7%). In view of approaches, FS (11.6%, 
16/138), FS with LRS (6.7%, 1/15), and AIS (36.4%, 4/11). 
One or more causative reasons found in revision surgery 
are Subpedicular kinking (8), Far-out syndrome (FOS, 6), 
and Lateral recess hypertrophic lesion (4), Recurrent disc 
herniation (2), which are supposed to be related with creeping 
subsidence after foraminal decompression. Incomplete 
decompression-related causative reasons are supposed to 
be listed as remnant isthmic spur (4), and independently, 
postoperative hematoma (2). Clinical manifestation on 
Modified MacNab classification in revision decompression 
using BESS, are as followings, Excellent (1), Good (10), Fair 
(5), and Poor (5). 
Conclusions: L5-S1 Foraminal decompression showed 
somewhat higher recurrence rate. This happened higher in 
TFA and AIS. In CLA, preserving SAP lateral plane, preserve 
its supporting mechanism against Transverse process (TP)-
Isthmus junction. Sacrificing SAP lateral plane on TFA could 
make axial stress rising and disc space collapsed dynamically 
in early postoperative period. Incomplete decompression 
in AIS could be common when we were not accustomed to 
endoscopic anatomy and didn’t differentiate pathologic spur. 
The authors recommend that CLA should be better than 
TFA to decompress L5-S1 FS. CLA has specific merits of 
preserving SAP lateral plane as propping mechanism against 
TP-Isthmus junction.
Keywords: Endoscopic, Complication, Decompression, 
Foraminal stenosis, Lumbar

S039

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

Min-Gu Jang, Dae-Young  Kim

Department of Orthopaedic Surgery, Konyang University Hospital, Daejeon, 
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 93 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 93 patients were enrolled in this study, 36 
patients in Group A and 57 patients in Group B. The mean 
age, and sex ratio, did not differ between the two groups 
(p>0.05). However, the index levels were more in Group A, 
which showed a significant difference between two groups 
(p=0.012). The preoperative diagnosis included degenerative 
and isthmic spondylolisthesis, and foraminal stenosis. The 
mean operative and anesthesia time were 291.1 and 402.6 
minutes in Group A, and 232.9 and 297.5 minutes in Group 
B, respectively. Clinical outcome of VAS back and leg did 
not show significant difference between the two groups. No 
complication including pedicle screw malposition occurred 
in both groups.
Conclusions: ingle-position OLIF on lateral position is 
a feasible procedure that can decrease anesthesia time 
without complication compared to the conventional position 
changing method.
Keywords: OLIF, Pedicle screw, Postoperative complication
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S040

Vascular Injuries during Minimally Invasive Oblique 
Lumbar Interbody Fusion at L5-S1

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

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

Purpose: Minimally invasive oblique lumbar interbody 
fusion (MI-OLIF) at L5-S1 has advantages of concomitant 
multilevel lateral lumbar fusion and less soft tissue injury. 
However, approach-related complications are significant 
drawbacks, and the procedure can expose to potentially life-
threatening vascular injuries. This study aimed to report the 
vascular injuries observed during MI-OLIF L5-S1 and to 
evaluate their significant characteristics.
Materials and Methods: Patients who underwent MI-OLIF 
L5-S1 for degenerative spinal disease were included. We 
divided into two groups (with vascular injury group and 
without vascular injury group). We reviewed medical records 
and radiographs of patients who completed the minimum 
3-month follow-up. Demographic data included age, sex, 
body mass index (BMI), comorbidities, and prior abdominal 
surgery. Surgical factors included surgical timing (early 
period 32 cases, middle-period 32 cases, and late-period 32 
cases, a total 96 cases), used surgical corridor, and combined 
OLIF L4-5. Radiological factors included the type of left 
common iliac vein (LCIV) position according to the new 
classification system, the width of the central vascular 
window (on MR axial image), and the presence of LCIV 
calcification.
Results: A total of 96 patients were enrolled (15 male and 81 
females, mean age: 66.7 years). During the surgery, there 
were 8 (8.3%) patients with vascular injury (vascular injury 
group). Five patients required the assistance of the vascular 
surgeon (direct repair in 4 patients and topical hemostasis 
in 1 patient). Vascular injury group showed significantly 
older age (69.5 vs. 66.5, p=0.037), higher prevalence of 
hypertension (87.5% vs. 47.7%, p=0.031) and diabetes 
(62.5% vs. 23.9%, p=0.019), higher usage rate of central 
surgical corridor (100% vs. 70.5%, p=0.032) than those of 
without vascular injury group, respectively. Vascular injury 

was frequently observed at the early period of surgical timing 
(5/32), and it was reduced at the middle-period (2/32) and 
late-period (1/32). There were no significant differences by 
gender, BMI, prior abdominal surgery, combined OLIF L4-
5, the width of the central vascular window, type of LCIV 
position, and LCIV calcification between the two groups.
Conclusions: During MI-OLIF at L5-S1, vascular injuries 
were observed in 8 (8.3%) patients. They showed significant 
characteristics (older age, hypertension, diabetes, usage of 
central surgical corridor, and early surgical period).
Keywords: Vascular injury, Lumbosacral, Minimally invasive, 
Oblique lumbar interbody fusion, Degenerative lumbar

Free Paper: MIS II

S041

Percutaneous Full-Endoscopic versus Biportal 
Endoscopic Posterior Cervical Foraminotomy for 
Unilateral Cervical Foraminal Disc Disease

Hyun-Jin Park, Min-Seok Kang*, Ki-Han You

Department of Orthopaedic Surgery, Hallym university Kangnam Sacred Heart 
Hospital, Seoul, Korea 
*Department of Orthopaedic Surgery, Bumin Seoul Hospital, Seoul, Korea

Purpose: Biportal endoscopic technique (BE) is a fast-growing 
surgical modality that can be applied to posterior cervical 
foraminotomy (PCF) as well as lumbar discectomy and 
decompressive laminectomy, and it has several technically 
differences from the percutaneous full-endoscopic technique 
(PE) which has been standardized as a representative 
endoscopic spine surgery. The purpose of this study was to 
compare the short-term clinical outcomes between BE-PCF 
and PE-PCF.
Materials and methods: A retrospective review was conducted 
on 66 patients who had single-level UCFD. All patients 
underwent the PE- or BE-PCF. Clinical outcomes including 
Visual Analogue Scale (VAS)-Arm, VAS-Neck, and Neck 
Disability Index (NDI) were evaluated. Also, perioperative 
data included operation time, length of hospital stay (LOS), 
amount of surgical drain, postoperative complications and 



Volume 29  •  Number  S1  •  May 2022

www.krspine.org www.krspine.org S61S60

reoperation were collected. Kinetics of serum creatine 
phosphokinase (CPK) and C-reactive protein (CRP) were 
recorded.
Results: A total of 65 patients were included in the final 
analysis: 32 from PE-PCF and 33 from BE-PCF. The 
demographic and preoperative data were no different. 
All patients have significant improvement in VAS-arm, 
VAS-neck, and NDI compared to the baseline value. The 
improvement of all parameters was comparable between the 
two groups at each point for 1 year after surgery (p>0.05), 
except for significantly lower VAS-neck at postoperative 
2 days in PE-PCF (p=0.005). Total operation time was a 
significantly shorter in BE-PCF (p=0.036). There were no 
significant differences between the two groups in regard to 
LOS, amount of surgical drain, and kinetics of serum CPK 
and CRP level (p>0.05). Reoperation and complications 
between the two groups were comparable (p>0.05).
Conclusions: Although this study is limited by its retrospective 
design, the clinical outcomes of PE-PCF and BE-PCF for 
cervical pain and disability caused by UCFD for a year after 
surgery were good and show not difference. PE-PCF has 
merit significantly less immediately postoperative neck pain, 
but BE-PCF shown less total operation time.
Keywords: Posterior cervical foraminotomy, Percutaneous 
full-endoscopy, Biportal endoscopy, Unilateral cervical 
foraminal disc disease, Cervical spondylotic radiculopathy

S042

Biportal Endoscopic versus Microscopic Discectomy 
for Lumbar Herniated Disc: A Randomized 
Controlled Trial

Sang-Min Park, Ho-Jin Lee*, Ho-Joong Kim, Jin S. Yeom

Department of Orthopaedic Surgery, Seoul National University Bundang 
Hospital, Bundang, Seongnam, Korea 
*Department of Orthopaedic Surgery, Chungnam National University Hospital, 
Chungnam, Daejeon, Korea

Purpose: Biportal endoscopic surgery has recently been 
performed in lumbar discectomy, with advantages over 
conventional surgery, such as less skin scarring and muscle 
damage. However, the clinical results have not been 
established. Although previous studies reported no difference 

between the biportal endoscopic and microscopic discectomy 
clinical results, the evidence was weak. Therefore, this 
study aims to evaluate the efficacy and safety of the biportal 
endoscopic discectomy versus the microscopic discectomy.
Materials and methods: This prospective multicenter 
randomized controlled trial is designed to compare the 
efficacy and safety outcomes of patients who underwent 
lumbar discectomy using biportal endoscopy or microscopy. 
We will include 100 participants (50 per group) with a 
lumbar herniated disc. The primary outcome will be the 
Oswestry Disability Index (ODI) score 12 months after 
surgery based on a modified intention-to-treat strategy. 
The secondary outcomes will include the visual analog 
scale score for low back and lower extremity radiating 
pain, the ODI score, the Euro-Qol-5-Dimensions score, 
surgery satisfaction, walking time, postoperative return to 
daily life period, postoperative surgical scar, and surgery-
related variables, such as postoperative drainage, operation 
time, admission duration, and postoperative creatine kinase. 
Radiographic outcomes will also be analyzed using magnetic 
resonance imaging (MRI) or computed tomography (CT) and 
simple radiographs. Safety will be assessed by evaluating 
all adverse and severe adverse events and surgery-related 
effects. The participants will be assessed by a blinded 
assessor before surgery (baseline) and 2 weeks, 3-, 6-, and 
12-months after surgery. 
Results: There was no significant difference between groups 
in the mean ODI score at 12 months after surgery (30 in the 
microscopy vs. 29 in the biportal endoscopy group, p=635). 
There were also no significant differences in low back and 
lower extremity pain VAS scores, ODI, EQ-5D scores, and 
pain DETECT scores at the 3-, 6-, or 12-month follow-
up. Perioperative complications, such as durotomies and 
symptomatic hematoma, showed no significant differences 
between the groups; however, one participant underwent 
additional revision surgery 9 months after the index surgery 
in the microscopy group.
Conclusions: Despite the study design limitation with the 
relatively short duration of follow-up, this trial suggests that 
biportal endoscopic discectomy is an alternative to and offers 
similar clinical outcomes in comparison with microscopic 
open surgery in patients with symptomatic lumbar herniated 
disc.
Keywords: BESS, Discectomy, HIVD, Microscopy
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S043

Biportal Endoscopic Lumbar Foraminal 
Decompression for Lumbar Foraminal Stenosis and 
Foraminal Disc Herniation

Asrafi Rizki Gatam

Department of Orthopaedic Surgery, Fatmawati General Hospital, Indonesia

Purpose: To evaluate the efficacy of biportal endoscopic 
lumbar foraminal decompression for management of 
degenerative lumbar foraminal stenosis or lumbar foraminal 
disc herniation.
Materials and Methods: This is a retrospective cohort study 
of a lumbar foraminal stenosis or foraminal disc herniation 
without instability consisting of 75 patients managed with 
biportal endoscopic lumbar foraminal decompression. We 
evaluate the clinical result of the pre and post operation VAS 
of leg pain, back pain and ODI. We observe patient until 1 
year post operation.
Results: The VAS of back pain, leg pain and ODI were better 
in the post-operation compared to pre-operation. The ODI 
and VAS of leg pain was significantly better with p value of 
0.033 and 0.04. Claudication symptoms also diminished right 
after the surgery. The length of hospital stay were around 1.5 
days. We could not evaluate the amount of bleeding due to 
continuous water irrigation during the surgery. There was no 
instability after 1 year of operation.
Conclusions: Biportal endoscopic lumbar foraminal 
decompression showed sufficient result for management 
of lumbar foraminal stenosis and foraminal disc herniation 
without compromising lumbar stability.
Keywords: Lumbar foraminal stenosis, Biportal endoscopic 
foraminal decompression

S044

Comparison of Reoperation Rates Between Biportal 
Endoscopic and Microscopic Lumbar Discectomy

Si Young Park 

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

Purpose: The reoperation rates of biportal endoscopic spine 

surgery (BESS) and microendoscopic discectomy (MED) 
were compared.
Materials and Methods: Since 2007, we collected MED and 
BESS patients for single level discectomy. And we searched 
patients who received reoperation to revisional discectomy 
or fusion surgery.
Results: Total 162 patients of MED, 315 patients of BESS 
were collected. In MED group, 9 patients (5.56%) were 
received reoperation. And when learning curve was set 30 
cases, 4 patients (13.33%) before 30th cases, 5 patients 
(3.79%) after 31st cases were corresponded. In BESS 
group, 12 patients (3.81%) were received reoperation. And 
when learning curve was set 58 cases, 3 patients (5.17%) 
before 58th cases, 9 patients (3.5%) after 59th cases were 
corresponded. There were no differences between 2 groups.
Conclusions: BESS showed similar rate of reoperation with 
MED. About reoperation, BESS considered as safe surgery.
Keywords: BESS, MED, Reoperation, Learning curve

Free Paper: MIS III

S045

Unilateral Biportal Endoscopic Thoracic Discectomy

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

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

Purpose: The use of conventional spinal decompression 
surgery for thoracic disc herniation (TDH) can be limited 
by technical difficulties and a restricted field of vision. 
The purpose of this study is to describe the technique 
for discectomy and/or fusion procedure using unilateral 
biportal endoscophy (UBE) for TDH and analysis of clinical 
postoperative results.
Materials and Methods: From March 2018 to July 2020, 
twelve patients with thoracic disc herniation (TDH) 
underwent unilateral biportal endoscopic thoracic discectomy 
with or without fusion. The authors performed laminotomy, 
foraminoplasty, partial pediculotomy and corpectomy via 
using UBE posterolateral approach in patients with TDH. 
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Indications of fusion consist of revision case and wide 
pediclulotomy (>50%). 4 patients were men and 8 were 
women, aged 48 to 73 years (mean: 65 years). Myelopathy, 
with or without radiculopathy was present in all patients. The 
follow-up periods ranged from 8 to 60 months (median 27 
months). The clinical outcome was evaluated using the visual 
analogue scale (VAS) and Oswestry disability index (ODI).
Results: In 11 of the 12 patients with myelopathy excellent 
improvement was shown postoperatively; One patient who 
was unable to walk preoperatively was able to ambulate 
with the use of a cane, but residual spasticity is still present. 
The average length of hospital stay was ten days. Four 
patients were male and eight were female, aged 48-73 years 
(mean: 65 years). Mean follow-up period was 60 months 
(8-60 months), mean operative time was 81 min. The mean 
VAS improved from 6.5 to 3.0 for back pain and 5.8 to 2.5 
for leg pain at the final follow-up. The mean ODI scores 
also improved from 58.1 before surgery to 24.5 at the final 
follow-up. Conversion to an open procedure was not required 
for any of the patients.
Conclusions: From a surgical point of view, unilateral biportal 
endoscopy (UBE) is very similar to microscopic spinal 
surgery, permitting good visualization. The authors suggest 
that the UBE, which is a minimally invasive procedure, is an 
alternative treatment option for thoracic TDH.
Keywords: Thoracic spine, Thoracic disc herniation, Unilateral 
biportal endoscopy, Discectomy

S046

Unilateral Biportal Endoscopic Lumbar Interbody 
Fusion: A Technical Note and an Outcome 
Comparison with the Conventional Minimally 
Invasive Fusion

Asrafi Rizki Gatam

Department of Orthopaedic Surgery, Fatmawati General Hospital, Indonesia

Purpose: The purpose of this study is to compare the result 
of biportal endoscopic lumbar interbody fusion (ULIF) with 
conventional minimally invasive lumbar interbody fusion 
(MIS-TLIF).
Materials and Methods: This is a retrospective cohort study 

of 145 lumbar spondylolisthesis cases that underwent fusion 
surgery with either ULIF or the conventional MIS-TLIF. 
All of the patients were observed within a 12-month follow-
up period to evaluate the back pain and leg pain Visual 
Analogue Score (VAS), the Oswestry Disability Index (ODI), 
the 36-Item Short Form Health Survey (SF-36), and fusion 
rate.
Results: The leg pain VAS was similarly improved in both 
groups. ULIF has a significant back pain improvement 
on direct post operation and at the 3-months follow-up (p 
value 0.032 and 0.046 respectively). ULIF group also had a 
significantly better improvement of ODI scores on the early 
post-operative period (p=0.045). However, both groups 
similarly showed improvement of ODI score and the SF-36 
at the 3-, 6-, and 12- months follow up.
Conclusions: Full endoscopic fusion surgery with ULIF 
offers a comparable long-term outcome and a significantly 
better back pain VAS reduction in short-term follow up 
compared to the conventional MIS-TLIF. ULIF, with further 
improvement, can be the next gold standard in managing 
degenerative lumbar spine conditions.
Keywords: Endoscopic lumbar interbody fusion

S047

Robotic Idiopathic Scoliosis Surgery: Comparative 
Analysis of Minimal Invasive vs. Open Surgery

Phedy Lim, Luthfi Gatam, Harmantya Mahadhipta, 
Syafrudin Husin, Asrafi Rizki Gatam

Department of Orthopaedic Surgery, Gatam Institute Orthopaedic and Spine, 
Eka Hospital BSD, Indonesia, Indonesia

Purpose: With the advance of robotic technology, we are 
now able to do scoliosis surgery under robotic guidance. 
Robotic platform allows us to place screws accurately in 
open scoliosis surgery. However, it is still a major surgery. 
Therefore, efforts must be taken to reduce the surgical 
trauma and post operative recovery. This study was designed 
to compare open robotic scoliosis surgery and minimally 
invasive robotic scoliosis surgery. 
Materials and Methods: From thirty patients with scoliosis 
correction surgery, twenty were treated with open robotic 
surgery while ten had minimal invasive surgery. Operation 
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length, estimated blood loss, number of fusion levels, days 
of opioid intake, length of total bed rest, length of hospital 
stay, and correction index were compared between open dan 
minimal invasive surgery. Complications were also recorded.
Results: In minimally invasive surgery group, the duration 
of surgery and correction index is similar between open and 
minimal invasive groups. However, the estimated blood loss, 
days of opioid intake, length of total bed rest, and length of 
hospital stay was significantly lower in minimal invasive 
group.
Conclusions: The minimally invasive robotic approach to 
scoliosis treatment is a very promising technique to limit the 
extent of surgery maintaining the same goals as in the open 
method. It allows for lower blood loss, less requirement for 
opioids and a shorter hospital stay.
Keywords: Robotic surgery, Scoliosis surgery, minimally 
invasive surgery, Posterior spinal fusion

S048

Clinical Efficacy of Endoscopic Biportal Spine 
Surgery in Patients with Cervical Diseases

Seok-Bong Jung 

Department of Orthopaedic Surgery, Jinju Bon Hospital, Jinju, Korea

Purpose: This report describes short-term clinical results of 
posterior biportal discectomy or foraminotomy in patients 
with cervical disc disorders.
Materials and Methods: 140 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 and 
working portal was inserted by 10-20° to facet joint Effective 
removal of the herniated tissue and sufficient foraminotomy 
is possible by cutting the facet joint from medial border of 
the facet to lateral half. We evaluated the short-term results 
of subjects, about 12 weeks postoperatively. Outcome was 
analyzed by using visual analogue scale (VAS) on posterior 
neck and upper extremity pain, and by a motor power change 
of affected myotomes.
Results: 140 patients (154 segments) had 3 months 

symptomatic duration on median value. And the level of 
disc was C3/4 of 4, C4/5 of 18, C5/6 of 64, C6/7 of 58 and 
C7/T1 of 10. 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), One patient has experienced a 
weakness of the leg muscle for 4 weeks as the water ran into 
thoracic area.
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.
Keywords: Minimal invasive, Cervical disease, Biportal 
endoscopic, Arthroscope

Free Paper: Cervical I

S081

Is blood Loss Greater in Elderly Patients Under 
Antiplatelet or Anticoagulant Medication for Cervical 
Spine Injury Surgery? Japanese Multicenter Study 
(JASA)

Masashi Uehara, Shota Ikegami

Department of Orthopaedic Surgery, Shinshu University School of Medicine, 
Japan

Purpose: In elderly patients, comorbidities are common, with 
frequent administration of antiplatelet/anticoagulant (APAC) 
drugs. Few reports have examined the precise relationship 
between intraoperative blood loss and history of APAC use 
regarding surgery for cervical spine injury in the elderly. 
The present multicenter database survey aimed to answer 
the question of whether the use of APAC drugs affected the 
amount of intraoperative blood loss in elderly patients with 
cervical spinal cord trauma.
Materials and Methods: The case histories of 1512 patients 
with cervical spine injury at 33 institutes were retrospectively 
reviewed. After excluding cases without spinal surgery or 
known blood loss volume, 797 patients were enrolled. Blood 
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volume loss was the outcome of interest. We calculated 
propensity scores using the inverse probability of treatment 
weighting (IPTW) method. As an alternative sensitivity 
analysis, linear mixed model analyses were conducted as well. 
Results: Of the 776 patients (mean age: 75.1±6.4 years) 
eligible for IPTW calculation, 157 (20.2%) were taking 
APAC medications before the injury. After weighting, mean 
estimated blood loss was 204 mL for non-APAC patients 
and 215 mL for APAC patients. APAC use in elderly patients 
was not significantly associated with surgical blood loss 
according to the IPTW method with propensity scoring or 
linear mixed model analyses. Thus, it appeared possible to 
perform surgery expecting comparable blood loss in APAC 
and non-APAC cases. 
Conclusions: This multicenter study revealed no significant 
increase in surgical blood loss in elderly patients with 
cervical trauma taking APAC drugs. Surgeons may be able to 
prioritize patient background, complications, and preexisting 
conditions over APAC use before injury when examining the 
surgical indications for cervical spine trauma in the elderly.
Keywords: Cervical spine injury, Elderly patients, Blood loss 
volume

S082

Modified Kappa-line Correlates Better with 
Neurological Outcomes than Modified K-line after 
Laminoplasty for Cervical Myelopathy Caused by 
Ossification of the Posterior Longitudinal Ligament

Hyung-Rae Lee, Dong-Ho Lee* 

Department of Orthopaedic Surgery, Uijeongbu Eulji Medical Center, Uijeongbu, 
Korea 
*Department of Orthopaedic Surgery, Seoul Asan Medical Center, Seoul, Korea

Purpose: The Kappa line has been reported to be highly 
correlated with neurological outcomes in selective laminoplasty 
and has advantages in assessing the focal relationship 
between ossified mass and sagittal alignment. In this study, 
we evaluated the utility of the modified Kappa-line (mKappa-
line) assessed on MRI as a predictor of neurological outcome 
and compared its result with the modified K-line (mK-line). 
Materials and Methods: The medical records of 78 patients 
who underwent laminoplasty due to cervical myelopathy 

caused by OPLL and followed up for more than 2 years were 
retrospectively reviewed. Patients were divided into mK-line 
(+) vs. mK-line (-) groups and mKappa-line (+) vs. mKappa-
line (-) groups according to whether the ossification lesion 
has crossed the mK-line or mKappa-line. The minimum 
intervals between the mK-line (mK[min])/mKappa-line 
(mKappa[min]) and the OPLL mass were measured. Patient 
characteristics, radiographic measurements, and patient-
reported outcome measures were compared. Pearson’s 
correlation analysis was performed to identify the factors 
associated with poor neurological outcomes.
Results: The mKappa-line (-) group (n=10) had significantly 
higher values of the thickness of the OPLL mass and 
the canal occupying ratio and a significantly smaller 
mKappa[min] compared with the mKappa-line (+) group 
(n=68). Notably, the mKappa (-) group had significantly 
lower values of postoperative JOA scores at 6 months and 
final follow-up as well the JOA recovery rate compared 
with the mKappa (+) group. Correlation analysis showed 
that whereas mKappa[min] was significantly correlated with 
both JOA recovery rate (p=0.03) and JOA score at the final 
follow-up (p=0.02), mK[min] did not show such significant 
correlations (p=0.37 and 0.46, respectively).
Conclusions: Both the mK-line status and the mKappa-
line status were associated with neurological outcomes 
after laminoplasty. However, only the mKappa[min] was 
significantly correlated with the JOA score recovery rate. 
These results suggest that in patients undergoing selective 
laminoplasty, mKappa[min] would be a more useful 
prognostic factor than mK[min] by better demonstrating the 
relationship between segmental alignment and OPLL lesion. 
Therefore, the concept of mKappa-line and mKappa[min] 
would be helpful in choosing operative levels for selective 
laminoplasty that can result in better neurological recovery.
Keywords: K-line, Kappa line, Modified Kappa line, Cervical 
myelopathy, OPLL
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S083

The Medial Window Technique as a Salvage Method 
to Insert C2 Pedicle Screw in the Case of a High 
Riding Vertebral Artery or  Narrow Pedicle: A 
Technical Note and Case Series

Sehan Park, Dong-Ho Lee*, Choon Sung Lee*,  
Chang-Ju Hwang*, Jae Hwan Cho*, Jae Jun Yang 

Department of Orthopaedic Surgery, Dongguk University llsan Hospital, Goyang, 
Korea 
*Department of Orthopaedic Surgery, Asan Medical Center, Seoul, Korea

Purpose: To describe the safety and feasibility of C2 medial 
window screw (C2MWS) as an alternative salvage method 
for C2 pedicle screws in cases of high riding vertebral artery 
(HRVA) or narrow pedicle.
Materials and Methods: The C2MWS technique involves 
screw insertion by intentionally breaching the medial cortex 
of the pedicle to avoid vertebral artery injury. Nine patients 
who underwent C2 screw insertion via the C2MWS were 
retrospectively reviewed. C2MWS was indicated in cases 
of high riding vertebral artery (HRVA) or narrow pedicle 
(pedicle width ≤4 mm). The width of the canal breach by 
screw, vertebral artery groove (VAG) breach, solid fusion, 
neck pain visual analogue scale (VAS) score, and Japanese 
Orthopedic Association (JOA) score were assessed as 
outcome measurements.
Results: C2MWS was indicated due to both HRVA and 
narrow pedicle for seven screws, narrow pedicle for one 
screw, and HRVA for two screws. No screw VAG breach or 
vertebral artery injury was noted postoperatively. The mean 
width of canal breach was 3.4±1.3 mm. There were no cases 
demonstrating neurologic deterioration, and all patients 
demonstrated solid fusion at 1-year follow-up. Furthermore, 
neck pain VAS and JOA scores significantly improved after 
the surgery.
Conclusions: The C2MWS technique can provide 3-column 
fixation while reliably avoiding VAG violation or VA injury. 
C2MWS could be considered as a salvage alternative method 
when the insertion of C2 pedicle screw is complicated by 
HRVA or a narrow pedicle, while there is a need to provide 
firmer fixation strength than that provided by pars or 
translaminar screws.
Keywords: Medial window screw, Pedicle screw, Axis, High 

riding vertebral artery, Narrow pedicle

S084

Does the Use of SONOPET Ultrasonic Aspirator 
Decrease the Complication Rate of Laminectomy in 
Cervical Melopathy Patients?

Ayush Sharma

Department of Orthopaedic Surgery, Babasaheb Ambedkar Memorial Hospital, 
Mumbai, India

Purpose: Cervical laminectomy for cervical myelopathy has 
been performed traditionally with osteotomes and rongeurs 
and more recently with High-speed burr (HSB). However, 
these methods can cause devastating soft tissue injury by 
direct contact and are difficult to use in areas with an already 
compressed cord. We evaluated the use of an ultrasonic 
aspirator, SONOPET Ultrasonic Aspirator, for the patients 
operated for cervical myelopathy and compared the outcomes 
to those operated with HSB.
Materials and Method: A retrospective analysis was done, and 
patients operated for cervical laminectomy between January 
2017 and October 2020 were included. They were divided 
into two groups based on the device used for laminectomy 
i.e, HSB and Sonopet. We compared the demographic, 
clinical and functional outcomes for patients for one year 
post operatively. We used the modified Japanese Orthopaedic 
Association (mJOA) and Visual Analogue score (VAS) for 
both arm pain and neck pain. 
Results: 177 patients were included of which 101 were 
operated with an HSB and 76 by Sonopet. Demographic and 
baseline parameters were comparable. However, the duration 
of surgery (p<0.001) and the rates of total complications 
(p=0.041) were significantly higher in the HSB group. Of 
note, accidental durotomies were significantly lower in the 
Sonopet group (p=0.024). Other variables like blood loss, 
hospital stay and incision length were similar. Functional 
outcomes were comparable among the two groups. 
Conclusions: Sonopet has a higher safety margin and helps in 
achieving a shorter duration of surgery. Specially, the rates 
of accidental durotomies are significantly less with the use of 
Sonopet.



Volume 29  •  Number  S1  •  May 2022

www.krspine.org www.krspine.org S67S66

Keywords: Cervical-myelopathy, Cervical-Laminectomy, 
Sonopet

Free Paper: Cervical II

S085

Spontaneous Cervical Spinal Epidural Haematoma – 
An Insidious Stroke Mimic

Beatrice Tan, Terry Teo, Wee Lim Loo,  
Dinesh Shree Kumar

Department of Orthopaedic Surgery, Changi General Hospital, Singapore

Purpose: Cervical spinal epidural haematoma (CSEH) is a 
rare condition, with an estimated incidence of 0.1 in 100,000. 
Patients with acute onset hemiparesis (Brown-Sequard 
syndrome) as a result of CSEH are commonly initially 
diagnosed as ischaemic stroke. When thrombolytic therapy 
is given, which is contraindicated in CSEH, it can have 
devastating effects for the patient. In these cases, the diagnosis 
of CSEH may only become apparent after symptoms worsen 
following thrombolysis. We present a series of four cases where 
CSEH was misdiagnosed as stroke. 
Materials and Methods: A retrospective review of all stroke 
attendees at our institution’s Emergency Department was 
performed during the time period of January 2019 to December 
2020. Demographic data, initial diagnoses, and MRI imaging 
were reviewed, and administration of recombinant tissue 
plasminogen activators (rTPA) was recorded. All patients with 
CSEH who were administered rTPA following a misdiagnosis 
of stroke were identified. 
Results: 1089 stroke cases were identified from 2019 to 2020, 
of which 291 (26.7%) were administered rTPA. 4 (0.4%) 
cases were wrongly diagnosed. Following further neurological 
deterioration, they were subsequently identified as having CSEH 
on MRI imaging of the cervical spine. All 4 cases underwent 
emergent posterior decompression and instrumented fusion 
within 12 hours of diagnosis. 3 out of 4 had been given rTPA, 
which was reversed prior to surgery. All 4 patients survived 
with varying degrees of disability. A common symptom 
reported by all 4 patients was that of neck pain. 

Conclusions: The clinical decision for thrombolysis is 
made on the basis of a much higher incidence of stroke 
as compared to CSEH. With thrombolysis being the only 
proven effective therapy for ischaemic stroke, there is a 
pressure to administer it within the indicated time frame. The 
presence of neck pain in patients suspected of stroke should 
raise a high index of suspicion for cervical spine pathology. 
We would like to highlight the importance of considering 
CSEH as a differential prior to administering rTPA.
Keywords: Epidural haematoma, Cervical spine, Stroke, 
Thrombolysis

S086

Treatment Strategy for Lateral Atlantoaxial 
Osteoarthritis

Hee Jung Son, Hyoung-Min Kim, Bong-Soon Chang,  
Sam-Yeol Chang, Hwan-Seong Park

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

Purpose: The purpose of this study was to report the clinical 
outcomes of treatment for lateral atlantoaxial osteoarthritis 
(AAOA).
Materials and Methods: Patients who underwent conservative 
or operative treatment for AAOA from November 2013 
to March 2021 were analyzed retrospectively. Exclusion 
criteria were patients with cervical trauma, tumors, infectious 
diseases, or past histories of cervical fusion. Medication 
including nonsteroidal anti-inflammatory drugs was the first-
line treatment. Atlantoaxial joint or interlaminar epidural 
steroid injection were performed in case of failure of 
medication. Atlantoaxial fusion using posterior screw and rod 
was done for patients who do not improve with conservative 
treatment. Visual analogue scale for posterior neck pain, 
headache, and neck disability index were measured for 
clinical outcomes at the initial and final follow-up. 
Results: Of the 31 patients, 3 were allocated to medication (group 
M), 19 to injection (group I), 9 to atlantoaxial fusion (group F). 
Group I received an average of 1.4 injections. Group F received 
an average of 1.7 injections followed by atlantoaxial fusion. All 
clinical outcomes had improved significantly at final follow-up 
compared with initial visit (p<0.05).
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Conclusions: For patients with AAOA, medication could be 
the first-line treatment. Atlantoaxial joint or interlaminar 
epidural steroid injection would be effective in case of no 
improvement with medication. Atlantoaxial fusion would 
be better for patients who do not response to conservative 
treatment.
Keywords: Occipital neuralgia, Lateral atlantoaxial osteoarthritis, 
Atlantoaxial joint steroid injection, Interlaminar epidural steroid 
injection, Atlantoaxial fusion

S087

What Are the Robust Physical Findings and Signs in 
Diagnosis of Cervicogenic Headache?

Dae-Woong Ham, Kwang-Sup Song, Hyun-Cheul Nam, 
Jeong-Ik Lee 

Department of Orthopaedic Surgery, Chung-ang University Hospital, Seoul, 
Korea

Purpose: Cervicogenic headache (CEH), a common secondary 
headache, is a disabling condition that affects life quality. 
However, the overlaps of symptoms and signs between CEH 
and primary headache, including migraine and tension-type 
headache (TTH), makes the differential diagnosis challenging. 
This study aimed to evaluate the reliability and diagnostic 
accuracy of signs and physical findings of diagnostic criteria 
for CEH. 
Materials and Methods: We prospectively evaluated 61 patients 
visiting the orthopedic outpatient clinic, suspected of having 
a cervicogenic headache component, and treated for the 
third occipital nerve block from February 2018 to July 2020. 
Patients have been referred to a neurologist for diagnosis 
and divided into three groups according to the diagnosis, 
CEH group, migraine group, and TTH group, respectively. 
All patients received a third occipital nerve (TON) block 
or bilateral C3-4 facet block according to the clinician’s 
decision. After 12 hours of injection, the VAS score for pain 
intensity was collected. More than 50% reduction of pain 
VAS at post-injection two weeks was considered effective. 
The sensitivity, specificity, and likelihood ratio for diagnosis 
of the following four signs were calculated: 1) Response to 
block procedure, 2) Location of pain, 3) Unilaterality of pain, 
and 4) Provocation on passive neck range of motion (ROM). 

Results: The response to block procedure rate in CEH, 
migraine, and TTH groups were 92.3%, 70.6%, and 22.2%, 
respectively. And the sensitivity, specificity, and likelihood 
were 92.3%, 54.3%, 5, and 2.02, respectively. The rate of 
pain in the occipital region in CEH, migraine, and TTH 
groups were 69.2%, 58.8%, and 16.7%, respectively. And 
its sensitivity, specificity, and likelihood ratio were 69.2%, 
62.8%, and 1.86, respectively. The unilaterality of pain rates 
in CEH, migraine, and TTH groups were 23.1%, 29.4%, 
and 23.0%, respectively. And its sensitivity, specificity, and 
likelihood ratio were 23.1%, 77.1%, and 1.01, respectively. 
The rate of pain provocation on passive neck ROM in CEH, 
migraine, and TTH groups were 84.6%, 35.3%, and 16.7%, 
respectively. And its sensitivity, specificity, and likelihood 
ratio were 84.6%, 74.3%, and 3.29, respectively. 
Conclusions: The present study demonstrates that response 
to block procedure and pain provocation on passive ROM 
was robust findings in diagnosis for CEH. Meanwhile, the 
location and unilaterality of pain were insufficient to be a 
critical finding in the diagnosis of CEH.
Keywords: Cervicogenic headache, Differential diagnosis, 
Third occipital nerve block

S088

Effect of Individual and Neighborhood Socio-
Economic Indicators on Length of Stay in Anterior 
Cervical Decompression and Fusion (ACDF)

Ramkumar Mohan, Kevin Ho Yin Wong, Zhihong Chew, 
Andy Kuei Siong Yeo, Teo Hong Terry Lee, Wee Lim Loo, 
Dinesh Shree Kumar 

Department of Orthopaedic Surgery, Changi General Hospital, Singapore, 
Singapore

Purpose: Patients who underwent elective Anterior cervical 
decompression and fusion (ACDF) procedures were 
compared to analyze the effect of Socioeconomic (SES) 
factors on length of stay post operatively. SES was analyzed 
based on Room index while Socioeconomic Disadvantage 
Index (SEDI) and Socioeconomic Advantage Index 
(SAI) were used to compare socioeconomic factors at the 
neighborhood level. 
Materials and Methods: 103 patients that underwent elective 
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ACDF procedures from 2015 to 2019 in our institution were 
included. We retrospectively collected pre, intra and post-
operative clinical data. Patients’ postal codes were collected 
and cross referenced with national database to derive 
room index data. We obtained SEDI and SAI indices from 
previous local studies that stratified neighborhoods by 12 
unique variables. As for neighborhood analysis patients were 
stratified based on SEDI and SAI scores.
Results: 103 patients who underwent elective ACDF procedures 
were included in total. Based on individual SES indices 
analysis, there were no significant differences in length of 
stay between those with Room index less than 4 and those 
with room index of 4 and above (3.00 [2.00, 3.25] vs 3.00 
[2.00, 4.00], p=0.458). There was a non-significant difference 
in terms of BMI range with a numerical trend towards those 
of higher SES indices having high proportion of BMI in 
moderate risk range and above (63.0% vs 82.4%, p=0.063). 
Similarly, no significant differences were noted in terms of 
neighborhood based SEDI/SAI indices on length of stay 
(3.00 [2.00, 4.00] vs 3.00 [2.00, 4.00], p=0.495). Based on 
SAI scores, there were also significantly higher number of 
patients with Hyperlipidemia (n=14 (28.6%) vs n=6(12.5%), 
p=0.050) in patients with higher SAI scores. 
Conclusions: Results suggest that individual and neighborhood 
SES indices did not bear significant effects on total length 
of stay. However, significant differences were noted in 
terms of comorbidities, with generally higher premorbid 
comorbidities in populations with higher SES indices. This 
data would need to be corroborated with larger prospective 
studies to determine effects of SES on length of stay. This 
paper therefore sets the precedent for future studies in a 
unique setting of a tiered housing system, in which individual 
SES indicators can be approximated and studied.
Keywords: Spine, Anterior, Degenerative, Discectomy, 
Socioeconomic

Free Paper: Cervical III

S089

Multilevel, Percutaneous Posterior Cervical Interfacet 
Distraction and Fusion for Cervical Spondylotic 
Radiculopathy - Clinical and Radiographic Outcomes

Mikhail Lew Perez Ver

Department of Orthopaedic Surgery, St. Luke̓s Medical Center, Philippines

Purpose: This is a retrospective review of patients who underwent 
multilevel posterior cervical interfacet distraction and fusion 
(PCIDF) using cages for cervical spondylotic radiculopathy 
(CSR) to determine clinical and radiographic outcomes 
following multilevel PCIDF. Anterior cervical discectomy 
and fusion has long been the standard of treatment for CSR. 
Advancements in surgery have employed minimally invasive 
techniques such as endoscopic discectomy, foraminotomy, 
and PCIDF. Studies on single-level PCIDF have reported 
good clinical outcomes, short hospital stays, and rare 
complications, but its application in multilevel disease is still 
evolving.
Materials and Methods: Patients with CSR and confirmed 
radiologic evidence of multilevel foraminal stenosis without 
central canal stenosis were reviewed. Two-year outcomes 
of multilevel PCIDF included Neck Disability Index, neck 
and arm Visual Analogue Scale (VAS), radiographic cervical 
alignment parameters, evidence of fusion, and incidence of 
adjacent segment degeneration were compared at different 
time points.
Results: Thirty patients (mean age 54.6±8.3) were included 
in the study with an average of 3.4±0.8 levels treated. 
Mean surgical duration and intraoperative blood loss was 
143.2±69.7 minutes and 27.7±28.7 mL, respectively, with 
an average length of stay at 1.8±1.5 days. Neck Disability 
Index, VAS-neck, and VAS-arm all significantly improved 
at 2 weeks (p<0.001) and was maintained until 2 years 
postoperatively. A significant decrease in segmental and C2-
C7 lordosis, with a corresponding increase in sagittal vertical 
axis, was observed at 3 months postoperatively (p<0.001) but 
did not deteriorate further on subsequent visits. Successful 
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fusion was achieved in 90% of patients after 2 years. There 
was a 13.3% incidence of adjacent segment degeneration in 
the study cohort and one perioperative complication (3.3%).
Conclusions: Our study suggests that multilevel PCIDF is 
safe and effective for CSR caused by foraminal stenosis. 
However, its potential to cause kyphosis and clinical impact 
on global sagittal alignment requires further scrutiny and 
long-term evaluation.
Keywords: Foraminal stenosis, DTRAX, Facet cages

S090

Multi-rod Instrumentation in Cervical Spine: A 
Novel Surgical Concept

Tarush Rustagi, Abhinandan Reddy, Kalidutta Das,  
Singh Harvinder Chhabra 

Department of Orthopaedic Surgery, Indian Spinal Injuries Centre, India

Purpose: The purpose of this study is to explore the role 
of using more than two rods in posterior cervical spine 
for extremely unstable pathologies. The lack of transverse 
process and small lamina, for example negate the possibility 
of adding hooks, for supplemental fixation. The reported 
incidence of pseudoarthrosis has been reported between 
0-38%. Recent biomechanical study has shown the advantage 
of adding a third rod in the cervical spine has superior 
biomechanical advantage in all planes of motion. However, 
this technique has not been previously described in clinical 
scenarios in the cervical spine and ours is the first study to 
discuss its usage.
Materials and Methods: The series included 10 cases of 
extremely unstable cervical spine pathology. The indications 
included: Cervical deformity, Anderson lesion, tumor, 
trauma, infection. These essentially included gross bony 
restriction of anterior and posterior cervical columns with 
severe mechanical neck pain (NRS >8). reconstruction 
included careful planning and placement of a combination 
of lateral mass and cervcaal pedicle scores. This was 
followed by placement of 3-4 rods in order to strongly 
augment the cervical spine. In majority cases (8/10), anterior 
reconstruction was not performed. The patients were allowed 
to ambulate as early as possible. Data collected included: 

blood loss, surgical time, complications, VAS, NDI scores 
and ODOM’s criterion for surgical satisfaction. Radiological 
data included CT scan at the end of minimum follow up 
period of 1 year
Results: There were no patients lost to follow up. The mean 
follows up duration was 14.5 months (13-26 months. It 
included 6 males and 4 females with mean age of 54 (38-72) 
years. Mean Operative time and blood loss was: 183 (140-
350) minutes, 220 (100-600) ml. VAS improved from mean 
of 8.5 to 2.5 and NDI improved form mean of 84.5 to 22.6. 
As per the ODOM’s criterion 8 patients reported good, 1 
as excellent and 1 fair surgical outcome. in one case dural 
tear was seen that was repaired primarily without any ate 
complication. No neurological/ vascular deficit was seen. 
Post op CT scan at minimum period of 1 year did not show 
any implant failure, need for revision surgery. Solid fusion 
was seen in 8 cases. in two tumor cases, one patient expired 
at 1 year.
Conclusions: Multi rod cervical seems to provide a safe and 
solid reconstruction alternative in select cases. We did not 
see any failures.
Keywords: Cervical, Pseudoarthrosis, Satellite rod, Biomechanics

S091

Surgical Outcomes for C2 Tear Drop Fractures: 
Clinical Relevance to Hangman’s Fracture and C2-3 
Discoligamentous Injury

Sung-Kyu Kim, Jong-Beom Park*, Hyoung-Yeon Seo,  
Gil-Hwan Lim

Department of Orthopaedic Surgery, Chonnam National University Hospital, 
Kwangju, Korea 
*Department of Orthopaedic Surgery, College of Medicine, The Catholic 
University of Korea, Seoul, Korea

Purpose: To analyze characteristics of surgically managed 
tear, drop (TD) fractures of the C2 axis associated with 
other injuries such as hangman’s fracture and C2-3 
discoligamentous injury as well as treatment outcomes.
Materials and Methods: A total of 14 patients with TD 
fractures of the C2, who were surgically treated from January 
2000 to December 2017, were included in this retrospective 
study. The mean age of the patients was 45.5 years. The 
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characteristics, surgical treatment methods (anterior fusion 
vs posterior fusion), and results of 14 TD fractures of the C2 
were analyzed retrospectively. And the clinical relevance 
between C2 TD fracture and hangman’s fracture and C2-3 
discoligamentous injury was investigated through the co-
occurrence between injuries. The mean follow-up time after 
surgery was 22.6 months.
Results: Among 14 patients with TD fracture of the C2, 
4 patients had anterior TD fracture and 10 patients had 
posterior TD fracture. All 10 posterior TD fracture patients 
had anterior C2-3 displacement. While two of four anterior 
TD fracture patients had posterior C2-3 displacement, the 
remaining two did not. All 14 patients of TD fracture had 
at least two or more other associated C2 injuries as well 
as C2-3 discoligamentous injuries. About 92.9% (13/14) 
of the patients had typical or atypical hangman’s fracture; 
100% of the posterior TD fracture patients had hangman’s 
fracture, but 75% of the anterior TD fracture had hangman’s 
fracture. At admission, 13 patients were neurologically 
intact. However, the remaining patient had spinal cord 
injury with ASIA impairment scale B with C2-3 bilateral 
facet dislocation. All four anterior TD fracture patients 
underwent posterior C2-3 fusion. While four of 10 posterior 
TD fracture patients underwent C2-3 anterior fusion, the 
remaining six underwent posterior fusion. At last follow-
up, 100% of the patients achieved solid fusion, and visual 
analog scale for neck pain was significantly improved. One 
patient with ASIA impairment scale B had significantly 
improved to scale D. No major complications occurred. 
Conclusions: Our study showed that surgically managed 
TD fractures of the C2 showed a high incidence of other 
associated spine injuries including hangman’s fracture and 
C2-3 discoligamentous injury. Therefore, special attention 
and careful radiologic evaluation are needed to investigate 
the presence of other associated spine injuries including 
hangman’s fracture and C2-3 discoligamentous injury, which 
are likely to require surgery.
Keywords: Axis, Discoligamentous injury, Hangman’s fracture, 
Surgical outcome, Tear drop fracture

S092

The Impact of Over-distraction on Adjacent Segment 
Pathology and Cage Subsidence in Anterior Cervical 
Discectomy and Fusion (ACDF)

Yu-Cheng Yeh, Chi-Chien Niu

Department of Orthopaedic Surgery, Chang Gung Memorial Hospital, Linkou 
main branch, Taiwan

Purpose: Over-distraction has been shown to be a risk factor 
for cage subsidence and postoperative neck pain after 
anterior cervical discectomy and fusion (ACDF). Although 
biomechanical studies have demonstrated increased 
adjacent segment intradiscal pressure after ACDF, clinical 
relationships between over-distraction and adjacent segment 
pathology (ASP) are still lacking. The purpose of this study 
is to determine if over-distraction of the index disc has an 
effect on adjacent segment pathology.
Materials and Methods: A consecutive series of 147 patients 
(89 males; 58 females. Mean age 53.8 years; 25 to 87) 
who received primary ACDF with stand-alone cages 
(total 212 levels, either Polyetheretherketone [PEEK] 
or tantalum trabecular metal [TM] cages) for cervical 
degenerative pathologies from January 2010 to December 
2017 were retrospectively reviewed. The patients were 
divided into 1) Over-distraction group (postoperative 
- preoperative index disc height ≥2 mm), and 2) No-
distraction group (postoperative - preoperative index disc 
height <2 mm). Outcome measures included radiographic 
parameters, Japanese Orthopaedic Association (JOA) 
score, and incidences of cage subsidence, radiological and 
clinical adjacent segment pathologies (RASP and CASP) 
were compared between the two groups preoperatively, 
postoperatively, and at the final follow-up.
Results: The two groups were comparable with respect to 
age, follow-up length, radiographic parameters, fusion rate, 
and JOA score. The Over-distraction group (84 patients; 118 
levels) had smaller preoperative index disc height (4.4 vs. 
5.1 mm, p<0.001), but taller postoperative index disc height 
(7.6 vs. 6.6 mm, p<0.001) than No-distraction group (63 
patients; 94 levels). In addition, significantly higher TM cage 
usage (43% vs. 23%, p=0.003), higher incidences of cage 
subsidence (43% vs. 26%, p=0.007), RASP (any progression: 
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49% vs. 16%, p<0.001; progress ≥2 grades: 26% vs. 8%, 
p=0.005), and CASP (8.4% vs. 0%, p=0.02) were observed 
in the Over-distraction group. The multivariate logistic 
regression analysis indicated that over-distraction (Odds 
ratio [OR]=7.50; 95% confidence interval [CI]: 2.83-
19.88) and 2-level fusion (OR=2.50; 95% CI: 1.25-5.00) 
were independent risk factors for RASP. As for the receiver 
operating characteristic (ROC) curve of the developed 
prediction model for RASP, the area under curve (AUC) was 
0.815 (95% CI: 0.744-0.887).
Conclusions: There were no clinical outcome differences 
between the Over-distraction group and the No-distraction 
group in ACDF with stand-alone cages. Over-distraction 
of the index level of ≥2 mm significantly increases the 
incidences of RASP and cage subsidence.
Keywords: Anterior cervical discectomy and fusion (ACDF); 
Adjacent segment pathology (ASP); Over-distraction; Cage 
subsidence

Free Paper: Cervical IV

S093

Atrophy of the Posterior Cricoarytenoid Muscle 
as an Indicator of Previous History of Recurrent 
Laryngeal Nerve Injury Before Revision Anterior 
Cervical Surgery

Sang-Yun Seok, Dong-Ho Lee*, Hyung-Rae Lee†

Department of Orthopaedic Surgery, Daejeon Eulji University Hospital, Daejeon, 
Korea 
*Department of Orthopaedic Surgery, Asan Medical Center, Seoul, Korea 
†Department of Orthopaedic Surgery, Uijeongbu Eulji University Hospital, 
Uijeongbu , Korea

Purpose: In our recent study, we observed more cases of 
symptomatic normal vocal cord motility than asymptomatic 
vocal cord palsy (VCP) in preoperative larynogoscopic 
examinations of a revision anterior cervical spine surgery 
(ACSS) cohort. We assumed that the intrinsic muscle atrophy 
caused by recurrent laryngeal nerve injury could cause vocal 
cord-related symptoms. Radiological examinations made 

prior to revision ACSS were reviewed in this present study in 
relation to the posterior cricoarytenoid (PCA) muscle, one of 
the intrinsic muscles.
Materials and Methods: We retrospectively analyzed 68 patients 
who underwent a revision ACSS for cervical pathology. 
Patients in this group with vocal cord-related symptoms were 
classified as a symptomatic group (group S, n=11), and those 
without symptoms as asymptomatic (group AS, n=57). The 
bilateral size and luminosity of the PCA muscles in these 
patients were measured in the axial view with a Picture 
Archiving and Communication System using preoperative 
vertebral arteriography computed tomography (CT) and 
magnetic resonance imaging (MRI) evaluations. Since the 
size and luminosity values were different on each image, the 
ratios of the ipsilateral and contralateral muscle values were 
determined for each modality.
Results: There was no abnormal findings of VCP on 
laryngoscopy study. However, the mean ratio of the PCA 
muscle size on CT was 1.40±0.37 in group S and 1.02±0.12 
in group AS (p=0.007). These values on the MRI were 1.49 ± 
0.45 in group S and 1.02±0.14 in group AS, which was also a 
significant difference (p=0.008). The PCA muscle luminosity 
on the MRI was 1.03±0.16 in group S and 0.97±0.18 in 
Group AS, which was not a significant difference (p=0.608).
Conclusions: Evaluating the size of the PCA muscle before 
conducting a revision ACSS can predict a previous recurrent 
laryngeal nerve injury. Careful planning for the appropriate 
surgical approach should be undertaken if vocal cord-related 
symptoms and atrophy of PCA muscle are evident.
Keywords: Revision, Vocal cord palsy

S094

Hinged Roof Reconstruction of Anterior Iliac Crest 
after Harvesting Bicortical Strut Graft for Anterior 
Cervical Fusion

Min-Wook Kang, Yong-Min Kim

Department of Orthopaedic Surgery, National Police Hospital, Seoul, Korea

Purpose: The strut iliac bone graft has been widely used to 
achieve fusion in various anterior cervical spinal surgeries, 
but often remains some complications such as pain and gross 
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deformity. Considering these, we designed a new technique 
to restore the iliac ridge utilizing the outmost part of the iliac 
crest. We aim to assess the efficacy of our new restoration 
technique of the iliac ridge after harvesting strut bone 
graft for anterior cervical fusion. Clinical and radiological 
outcomes of our hinged roof method were evaluated.
Materials and Methods: Retrospective review was done for 29 
patients who underwent hinged roof reconstruction of iliac 
ridge after harvesting bicortical strut bone graft for anterior 
cervical fusion using cervical plate system. Clinical outcome 
as for pain and gross appearance and radiological results 
were evaluated.
Results: After 3 months from the operation, pain on donor 
site became minimal or absent in all the cases. At 1 year 
follow-up, no patient reported pain and palpable discomfort 
such as step-off on donor site. Final X-ray and follow-up CT 
revealed incorporation of the reconstructed iliac ridge to both 
margins.
Conclusions: By showing good clinical and radiological 
outcomes, the authors̓ hinged roof reconstruction of iliac 
crest after harvesting strut bone graft seemed to be a simple 
and effective technique that can reduce complications such 
as pain and deformity on the donor iliac crest.
Keywords: Hinged roof reconstruction, Iliac crest, Bicortical 
strut bone graft, Anterior cervical fusion, Donor site pain

S095

Clinical and Radiographic Outcomes of Mini-
open Auto Iliac Bone Graft Technique on Anterior 
Cervical Discectomy and Fusion

Hwan-Jin Kwon, Yun-Tae Kim, Min-Joon Cho,  
Jae Hyup Lee 

Department of Orthopaedic Surgery, SMG-SNU Boramae Medical Center, 
Seoul, Korea

Purpose: Auto-iliac bone graft (AIBG) is a helpful method to 
enhance the fusion rate in anterior cervical discectomy and 
fusion (ACDF). However, donor site morbidity is one of the 
concerns of AIBG. In this study, we compared the radiologic 
and clinical outcome of mini-open AIBG with conventional 
AIBG in ACDF.
Materials and Methods: Between January 2011 and October 

2019, we retrospectively reviewed patients who had an 
ACDF with AIBG for degenerative cervical disease or 
cervical myelopathy. Seventy-five males and 33 females 
were enrolled, and a total of 108 patients and 209 levels 
were analyzed. Patients were allocated into two groups, the 
conventional group, and the Mini-open group. Radiologic 
parameters and fusion rate were evaluated as the radiologic 
outcomes, and we evaluated fusion rate using CT as well as 
X-ray for accuracy. As clinical outcomes, JOA, NDI, and 
VAS scores (neck-VAS, arm-VAS, bone graft site-VAS) were 
evaluated and compared at 1 year postoperatively.
Results: The average age of all patients was 57.45 (±12.00) 
years, 57.33 (±11.89) years in the conventional group, and 
57.57 (±12.11) years in the mini-open group. The mean 
fusion length was 1.81 and 2.05 in each group, respectively. 
There was no statistical difference between the two groups 
in demographic data and fusion length. (p>0.05) Among 209 
segments, the number of fusion segments of conventional 
AIBG was 98, and that of mini-open AIBG was 111. No 
significant differences were found in radiologic parameters 
between the two groups. The fusion rate measured by CT at 1 
year postoperatively was 98% and 100% in the conventional 
group and the mini-open group, respectively. Pain VAS, NDI 
was improved in both groups, and there were no significant 
differences in clinical outcomes between the two groups. 
Bone graft site pain VAS of the two groups were 0.2 and 0.1, 
respectively.
Conclusions: In patients with ACDF surgery using conventional 
AIBG and mini-open AIBG, both groups achieved high 
fusion rates at 1 year postoperatively, and clinical outcomes 
were significantly improved. In both groups, pain at the iliac 
bone graft donor site was minimal. ACDF using mini-open 
AIBG is less invasive than ACDF using conventional AIBG, 
and there seems no difference in union rate and clinical 
results.
Keywords: ACDF, Minimally invasive, Mini-open, Bone 
graft
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S096

Feasibility of C2 Slope as a Substitute for Cervical 
Sagittal Alignment after Multilevel Cervical Spine 
Fusion Surgery

Namhoo Kim, Kyung-Soo Suk, Ji-Won Kwon,  
Joon-Oh Seo, Hun-Jin Ju, Byung-Ho Lee,  
Seong-Hwan Moon, Hak-Sun Kim, Hwan-Mo Lee

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

Purpose: To see the relation of C2 slope with conventional 
sagittal alignment parameters and clinical outcomes after 
multilevel cervical spine fusion surgery.
Materials and Methods: One hundred and eleven patients who 
had undergone 3 or more levels of cervical AP combined 
fusion surgery due to cervical spondylotic myeloradiculopathy 
were included in this study. C2 slope, C2-7 sagittal vertical 
axis(cSVA), C2-7 lordosis, T1 slope (T1S), and T1 slope 
minus cervical lordosis (T1S-CL) were measured on neutral 
plain x-ray 2-years after surgery. Clinical outcomes including 
neck pain, arm pain, neck disability index (NDI), Japanese 
Orthopedic Association (JOA) score, and EuroQol-5 dimension 
(EQ5D) were studied at 2-year follow-up. Correlations between 
C2 slope and conventional radiographic parameters and 
clinical outcomes were analyzed using Pearson’s correlation 
tests. Receiver operating characteristic (ROC) curve analysis 
was performed to determine matching C2 slope cut-off values 
according to established radiographic parameters and to clinical 
outcome predictors.
Results: C2 slope demonstrated a significant correlation with 
cSVA, C2-7 lordosis, T1 slope, and T1 slope minus cervical 
lordosis (T1S-CL). C2 slope showed a significant correlation 
with JOA score, neck pain, and NDI scores at 2 years after 
surgery. ROC curve demonstrated the cut-off value of C2S 
18.8°, 22.25°, and 25.35° according to cSVA of 40 mm, severe 
disability by NDI, and severe myelopathy, respectively.
Conclusions: C2 slope might be the surrogate marker for 
predicting postoperative clinical outcomes of patients after 
multilevel cervical fusion surgery.
Keywords: Cervical spine, C2 slope, Cervical sagittal vertical 
axis(cSVA), Sagittal alignment, Clinical outcome

Free Paper: Cervical V

S097

Correlation between Radiological Outcome 
and Functional Outcome Following Cervical 
Laminoplasty for Cervical Spondylotic Myelopathy 
and Ossification of Posterior Longitudinal Ligament

Sachin Anil Borkar

Department of Orthopaedic Surgery, All India Institute of Medical Sciences, New 
Delhi, India

Purpose: Development of cervical malalignment following 
laminoplasty affects the clinical and functional outcome of 
the patient, but the extent to which outcomes are affected 
is not well established. This study was conducted to assess 
the preoperative variables that may help predict the loss 
of cervical lordosis (LOCL) following laminoplasty and 
evaluate the impact of radiological outcomes on functional 
outcomes using disease-specific scales and the overall health-
related outcomes quality of Life scales. 
Materials and Methods: One hundred and ten consecutive 
patients who underwent cervical laminoplasty for CSM and 
OPLL during the study period between 2015 to 2018 who 
were followed up for 36 months were included. Clinical 
evaluation was done in all the patients using condition-
specific modified Japanese Orthopedic Association score 
(mJOA), NDI scale. The overall health-related quality of life 
was assessed by the short form 36 (SF-36) health survey. 
Dynamic cervical spine radiographs were performed both in 
the preoperative period and at three-year follow-up, and the 
various radiological parameters were measured. 
Results: The mean age of the study population was 
57.81±11.19 years, and the mean duration of symptoms 
was 21.39±15.73 months. LOCL was noted in 42 patients 
(38.18%) of the study population. The preoperative 
radiological parameters CA (p=0.005), T1S (p=0.001), and 
DER (p<0.001) were found to be significant predictors of 
LOCL on the final multivariate logistic regression model. 
The ROC curve analysis showed that the AUC values 
of CA, T1S, and DER for predicting LOCL were 0.770 
(95%CI 0.681-0.858), 0.704 (95% CI 0.608-0.800), and 
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0.628 (95% CI 0.681-0.858) respectively. At 3-year follow-
up after surgery, we have found that all the physical health 
domains and the Social Functioning (SF) mental health 
domain of the short form (SF)-36 tool showed significant 
improvement after surgery. In contrast, the mental domains 
- Role Emotional (RE) and Mental Health (MH)- did not 
significantly improve after surgery. The GH domain of 
the SF-36 survey was found to have the strongest linear 
correlation with the NDI. The global SF-36 scores also 
showed a strong significant correlation with improvement in 
NDI (r2=0.767, p<0.001). Additionally, mJOA RR showed a 
significant correlation with improvement in NDI (r2=0.513, 
p<0.001) and improvement in global SF-36 score (r2=0.406, 
p<0.001). On evaluating the correlation between the LOCL 
with the various clinical outcomes, including improvement in 
NDI, SF-36, and mJOA RR, there was more improvement in 
the patients without LOCL. Still, it failed to reach statistical 
significance with each of the clinical outcome scales, i.e., 
improvement in NDI (p=0.341), increase in SF-36 (p=0.927), 
and mJOA RR (p=0.111).
Conclusions: Cervical laminoplasty CSM and OPLL lead to 
significant improvement of overall quality of life in the long-
term follow-up. Our study found that the LOCL following 
laminoplasty can be predicted by preoperative CA, T1S, and 
DER. LOCL/Kyphotic deformity was one of the frequently 
noted complications following laminoplasty. However, the 
clinical outcomes and the LOCL were not significantly related.
Keywords: Laminoplasty, Loss of lordosis

S098

Clinical Outcome between Preservation and 
Resection of Posterior Longitudinal Ligament in 
Anterior Cervical Discectomy and Fusion

Tuanrit Sornsa-Ard, Vasuthara Thananthorn

Department of Orthopaedic Surgery, Nakornping Hospital, Thailand

Purpose: To compare the clinical outcome and cervical cord 
diameter between patients undergoing preserved and resected 
PLL in ACDF.
Background: The anterior cervical discectomy and fusion 
(ACDF) is the most common procedure for the cervical 

spondylotic myelopathy (CSM) treatment. The clinical 
outcome of cervical fusion whether to resected or preserved 
posterior longitudinal ligament (PLL) was less report.
Materials and Methods: This is a prospective study between 
November 2019 and March 2021. We enrolled 42 patients 
who were undergoing ACDF. The Japanese Orthopedic 
Association (JOA) score and cervical cord diameter 
determined by magnetic resonance images (MRIs) at 
preoperative, postoperative within 48 hours and 30 days were 
compared between groups.
Results: There were 42 patients (16 in PLL resected group 
and 26 in PLL preserved group). Clinical outcome showed 
that JOA scores at 1 month increased from 12.5±2.85 to 
14.38±2.68 in PLL resected group, while in PLL preserved 
group, the JOA score increased from 11.19±3.43 to 13.88±2.11. 
The improvement rate of JOA at 1 month between two 
groups showed no significant difference (47.98±28.12% in 
PLL resected group, 50.95±31.24% in PLL preserved group, 
p=0.75). Cervical canal diameter increased from 6.34±1.68 mm 
to 7.08±1.67 mm in PLL resected group and 6.29±1.69 mm to 
7.18±1.87 mm in PLL preserved group. In PLL resected group, 
one patient reported iatrogenic intraoperative cerebrospinal 
fluid leakage and two patients developed postoperative 
complication, one of them developed dysphagia and the other 
had hoarseness of voice. Three patients in PLL preserved group 
developed only dysphagia.
Conclusions: Both groups after undergoing ACDF were 
improved the JOA score. However, there was no statistical 
difference between resected and preserved PLL technique in 
patients with CSM.
Keywords: Cervical spondylotic myelopathy, ACDF, PLL

S099

Surgical Outcome of Locked Facet in Distractive-
flexion Injury of the Subaxial Cervical Spine: Case 
Series

Kang-San Lee, Woo-Kie Min, Eugene J. Park

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

Purpose: Treatment algorithm for locked facet in distractive-
flexion injury (LF-DFI) of subaxial cervical spine remains 
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unclear. Strategy and approaches to reduce locked facet has 
not been discussed carefully. Reduction options include 
joy-stick technique via anterior approach, closed reduction 
by axial traction, and open reduction through posterior 
approach. We analyzed our case series of surgical outcome of 
LF-DFI focusing on the approach and reduction maneuver.
Materials and Methods: A retrospective analysis of medical 
records identified 29 patients with distractive-flexion injury 
of the subaxial cervical spine. After excluding patients 
without locking of the facet joint, 15 patients were included 
in this study. We analyzed the clinical outcomes including 
Americal Spinal Cord Injury Association (ASIA) scale and 
radiological changes of each patient by approaches, either 
anterior, posterior, or both (circumferential), reduction 
maneuvers, and fracture classification.
Results: 6 patients underwent anterior alone, 2 patients 
underwent posterior alone, and 7 patients underwent 
circumferential approach. Among the circumferential group, 
one patient underwent anterior then posterior approach, and the 
other 6 patients underwent posterior than anterior approach. 6 
patients underwent circumferential surgery on the same day 
and the other one patient underwent staged operation. 8 patients 
were reduced by either closed reduction with axial traction or 
open reduction with joy-stick maneuver and the other 7 patients 
were reduced by posterior open reduction. The mean follow-up 
period for both groups was 27.4 months. Patients preoperative 
ASIA scale was A in 3 patients, B in 1 patient, C in 2 patients, 
D in 5 patients and E in 4 patients. Postoperatively, 2 patients 
showed neurological improvement measured, 12 patients 
showed no change, and 2 patients had aggravated neurologic 
status. None of the cases that underwent posterior open 
reduction showed worsened neurological status postoperatively. 
3 patients that underwent closed reduction with axial traction 
or open reduction with joy-stick maneuver had neurologic 
complication after surgery. Radiological fusion was achieved in 
all patients on the final follow up.
Conclusions: Reduction of locked facet using anterior 
approach may cause iatrogenic cord injury. Therefore, we 
recommend open reduction by posterior approach in order to 
avoid iatrogenic intraoperative cord injury.
Keywords: Cervical, DF injury, Locked facet

S100

CT Morphologic Study of Sub-axial Cervical Spine 
and Feasibility for Pedicle Screw Insertion among 
Thai Population

Surawut Ruchirawan, Surawit Visuthisakcha

Department of Orthopaedic Surgery, Buddhachinaraj Hospital, Thailand

Purpose: Cervical pedicle screw has higher pull-out strength 
and cyclic load to failure comparing to lateral mass screw. 
However, cervical pedicle insertion is a technical demanding 
procedure and has potential risk of injury to vertebral artery 
or neurological structures. Only two studies reporting the 
cervical morphology of Thai population. The aim was to 
study the cervical spine morphology including pedicle 
thickness and to identify an optimal entry point for the screw 
in each level.
Materials and Methods: CT images of cervical spine done in 
Buddhachinnaraj hospital from 10th February 2019 to 20th
October 2021 were collected. The image was processed into 
multiplanar reconstruction image for measuring the cervical 
spine morphology. The target point for cervical pedicle screw 
insertion was clarify with associated with lateral vertebral 
notch of cervical spine. The name of insertion point of 
cervical pedicle screw is S-S point.
Results: Mean outer pedicle width in every level of sub-
axial cervical spine of male patients were more than 4.5 
mm. In female patients, the same can be applied only in 
right C3 pedicle and C5 to C7.The mean of medial pedicle 
thickness was 1.3 to 1.4 mm, while the mean of lateral 
pedicle thickness was less than 1 mm. The mean transverse 
angulation was40 to 42 mm. The sagittal angulation changed 
from upward inclination from C3 and C4 to downward 
inclination at C5 and C6 with relatively neutral at C7. The 
appropriate entry point is1.3 to 2.4 mm medial and 0.2to 1 
mm inferior to lateral vertebral notch and the average new 
entry point about 2mm. medial from lateral notch. This point 
of insertion can call S-S point (Surawut-Surawit point). 
Conclusions: This study demonstrates the feasibility of 
pedicle screw insertion in Thai population without pedicle 
violation with caution in female patients. Preoperative 
MD-CT scan should be done in every patients to prevent 
devastating complications. Further research needed to 
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validate the optimal entry point found in this study.
Keywords: Cervical pedicle screw, Outer pedicle width, 
sagittal pedicle angulation, Lateral vertebral notch, S-S point

Free Paper: Tumor & Infection

S101

Analysis of Quality of Life after Stabilization of 
Metastatic Vertebral Fracture

Bikram Keshari Kar

Department of Orthopaedic Surgery, All India institute of medical science, Raipur, 
India

Purpose: This study aimed to evaluate the outcome of quality 
of life in patients who were operated for metastatic vertebral 
fracture
Materials and Methods: Among the 17 patients, we had 11 
females and 6 males. Mean age was 48 years (range 36-
72). Significant pain relief was reported by all patients 
in all the follow up visits. There was improvement in all 
domains of FACT-G score in follow up visits as compared 
to preoperative values. There were no post-operative 
complications encountered in any of the patients. All of our 
patients were alive at 1 year follow up.
Results: Among the 17 patients, we had 11 females and 6 
males. Mean age was 48 years (range 36-72). Significant 
pain relief was reported by all patients in all the follow up 
visits. There was improvement in all domains of FACT-G 
score in follow up visits as compared to preoperative values. 
There were no post-operative complications encountered in 
any of the patients. All of our patients were alive at 1 year 
follow up.
Conclusions: In selected patients of spinal metastasis palliative 
surgery provides immediate improvement in pain relief and 
functional results in the form of improved quality of life scores 
that are sustained for up to the one year follow up period.
Keywords: Metastasis, Fracture, Quality

S102

Titanium Mesh Reconstruction for Large Chest Wall 
Defects after Radical Excision of Large Residual 
Malignant / Locally Aggressive Vertebral Tumors- 
A Short Case Series and Literature Review

Charanjit Singh Dhillon

Department of Orthopaedic Surgery, MIOT Hospitals, Chennai, India

Purpose: Malignant recurrent/ residual tumors involving the 
vertebral body and ribs often necessitate excision of multiple 
ribs/ vertebral bodies in order to radically excise the tumor 
en bloc, leaving behind a large chest wall defect, which are 
difficult to manage. If chest wall defects are not adequately 
reconstructed, they are likely to adversely affect the 
pulmonary function. These large chest wall defects are also 
vulnerable sites for potential injuries to the lung following 
blunt trauma. 
Materials and Methods: We present short case series of three 
cases where in large chest wall defects spanning across 5 
to 6 rib segments were reconstructed using titanium mesh. 
The objective is to highlight the importance of chest wall 
reconstruction of the large residual defects in ribcage 
following enbloc excision of large malignant or locally 
aggressive recurrent or residual tumors. Our first case was 
a patient with large neurosarcoma, arising from the left 8th 
and 9th ribs (8×5×6.5 cm), who had an unsuccessful attempt 
at tumor excision elsewhere. He had a large intercostal scar 
which made radical excision challenging. En Bloc excision 
of tumor necessitated removal of 5 contiguous ribs, leaving 
behind a large thoracic wall defect which was reconstructed 
with titanium mesh. The second patient had a large Ewing’s 
sarcoma arising from the 9th rib (12.5×10×5.4 cm) with the 
tumor engulfing the 8th and the 10th ribs. En bloc excision 
of the tumor warranted removal of 5 contiguous ribs leaving 
behind a large chest wall defect which was adequately 
reconstructed with titanium mesh. The third patient was 
a case of a residual GCT arising from D9 vertebrae and 
involving proximal 8 cm of left D9 rib. He also had a large 
intercostal scar from the previous unsuccessful attempt at 
tumor excision, He underwent enbloc excision of the D9 
vertebrae and bilateral 3 ribs excision and titanium mesh 
reconstruction of the chest wall defect.
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Results: All three patients had an uneventful postoperative 
period with respect to any pulmonary complications. 
All 3 patients underwent intercostal drain removal on 
2nd post-operative day, and they could tolerate coughing 
and respiratory physiotherapy adequately. Unrestricted 
mobilization was possible on 3rd postoperative, and they 
were discharged on 5th post-Op Day. Pulmonary function 
test at one-month post-op was at 90% of preoperative level. 
Conclusions: The novel technique of chest wall reconstruction 
with titanium mesh makes our case series unique.
Keywords: Recurrent tumors, Titanium mesh reconstruction
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Case of Recurrent Fungating Sacrococcygeal 
Chordoma with Perineural Invasion of the Sciatic 
Nerve-Highlighting Role of Multidisciplinary 
Teleconference in Treating Spinal Tumors During 
COVID-19 Era

Mamer Rosario, Jean Marice Lim, Jerome Vergil Paez*, 
Adrianne Carmel Cabrera*, Mark Angelo Briccio Alcantara*, 
Andrew Bonae Estanislao Valdez†, Avelino Alomesen‡, 
Geoffrey Battad

Department of Orthopaedics, East Avenue Medical Center, Quezon City, 
Philippines 
*Department of Surgery, East Avenue Medical Center, Quezon City, Philippines 
†Department of Urology, East Avenue Medical Center, Quezon City, Philippines 
‡Department of Pathology, East Avenue Medical Center, Quezon City, 
Philippines

Purpose: The impacts of the coronavirus disease (COVID-19) 
pandemic have led to great degree of social isolation among 
medical specialists to prevent nosocomial COVID-19 
transmission. Although hospitals may suspend elective 
surgeries for non-COVID-19 cases to allow for surges of 
COVID-19 patients, cancer surgeries are time-sensitive, 
and considered essential surgeries. However, need for social 
isolation among treating specialists requires innovative 
communication strategy to sustain multidisciplinary approach 
to cancer care. The authors report on a rare case of fungating, 
recurrent sacrococcygeal chordoma with perineural invasion 
of the left sciatic nerve that was successfully managed by 
multidisciplinary surgical strategy, facilitated by preoperative 
teleconference among treating medical specialists of a public 

tertiary referral hospital during the COVID-19 pandemic. 
Materials and Methods: A 41-year-old male, amid the COVID-19 
pandemic, presented at the emergency room with recurrent, 
fungating gluteal mass measuring 18 centimeters in largest 
diameter. A sacrococcygeal tumor is seen involving the 
lower sacrum on magnetic resonance imaging, with invasion 
of left sciatic nerve and gluteal muscles posteriorly as well 
as the rectum anteriorly. Final histopathological diagnosis 
from previous surgical resection is chordoma of chondroid 
subtype; thus, patient was managed as case of recurrent 
sacrococcygeal chordoma upon hospital admission. In 
keeping with principles of cancer care, a multidisciplinary 
teleconference was initiated using cloud-based platform 
(Zoom Video Communications, Inc., San Jose, CA, USA) 
to discuss strategy for en bloc resection of tumor. The 
surgical team adopted anterior-posterior-anterior approach 
with cystoscopic ureteral stent placement and proctectomy 
performed anteriorly followed by high sacral amputation 
(type 2) with left sciatic nerve resection posteriorly delivering 
tumor en bloc. Frozen section findings suggested tumor-
free resection margins, so team proceeded with left gluteus 
maximus plus bilateral gluteal transcutaneous advancement 
flaps for coverage then end colostomy anteriorly. 
Results: Final histopathological analysis confirmed chordoma 
with negative resection margins, and patient can ambulate 
with walker assistance upon application of left knee-ankle-
foot orthosis. No local recurrence or metastasis was noted 
on postoperative surveillance at 9 months, and patient had 
satisfactory functional outcomes with Musculoskeletal 
Tumor Society score of 87%.      
Conclusions: The report concludes that multidisciplinary 
approach to treating spinal tumors is indispensable, even 
when planning for emergent surgery in the COVID-19 
era. Teleconference must be an innovative method of 
communication among medical specialists, to better sustain 
multidisciplinary spinal tumor care while coping with social 
isolation needed in times of new or recurring pandemics.  
Keywords: Chordoma, COVID-19, Teleconference, Spinal 
tumors, Multidisciplinary treatment 
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Surgical Management of Pott’s Spine

Rajesh Pratap Shah

Department of Orthopaedic Surgery, Nepalese Army Institute of Health Sciences, 
Nepal

Purpose: The most common form of extrapulmonary 
tuberculosis is spine TB,comprises 50% of musculoskeletal 
tuberculosis. The purpose of surgical treatment of spine TB 
is to relieve cord compression, correct kyphotic deformity, 
reconstruct spinal stability and finally improve the quality of 
life of the patients. The ideal surgical procedure for spine TB 
is still in dispute. Nowadays commonly performed surgeries 
is transforaminal debridement with interbody fusion and 
posterior instrumentation for thoracolumbar TB.
Materials and Methods: This study conducted in Shree Birendra 
Hospital, Chhauni from Aug 2015 to Mar. 2019.A total of 12 pott’s 
spine patients were operated after the clinicoradiological 
diagnosis with the neurological involvement. All the patients 
pre-op and post-op neurological status,VAS score and 
kyphotic deformity were recorded. All the patients were 
operated with posterior approach. 7 patients had posterior 
debridement with interbody fusion and instrumentation. 5 
had drainage of abscess posteriorly and instrumentation. 
Patients were followed up every 3 monthly up to 2 years. 
ATT continued for 12 months.
Results: In our study majority are male patients. Pain and 
neurologydeficit is the main complain. Mostly involve 
Thoracic and thoracolumlar spine. Mostly involved younger 
age group, more than 60%. There is improvement in VAS 
from 3.5 to 1 Pre and post op respectively. out of 12 cases 
there is neurology improvement in 10 cases and remains 
same in 2 cases. There is deformity correction in 4 cases to 
less than 3o degree.
Conclusions: Though the main stay of treatment of pott’s 
spine is conservative but surgical treatment will improve 
quality of life by relieving pain and improving neurology and 
deformity as well.
Keywords: Potts spine surgical management

Invited Lecture VI

ingle Level Total Disc Replacement-Index Level 
Revision and Adjacent Level Surgery Incidence, 2 
Characteristics, and Outcomes

Matthew Scott-Young

President, Spine Society of Australia, Australia

Symposium: Cervical (Current 
Concepts in Cervical Spinal 

Surgery: A Historical Perspective)

Occipitocervical / Upper Cervical Spine

Kyung-Chung Kang

Department of Orthopedic Surgery, Kyung-Hee University Hospital, Seoul, Korea

Background and Introduction: Current surgical approaches for 
treating cervical spine diseases have developed through the 
continuous innovations in surgical approaches, bone grafting 
techniques, and instrumentation. Rapid advances in imaging, 
minimally invasive techniques, and nonfusion technologies 
suggest we are at a threshold for a new era in patient care. 
This historical review on cervical spine surgery would help 
modern cervical spinal surgeons improve surgical outcomes 
while minimizing complications. 
Main Body: The treatment of occipitocervical instability 
benefited from the improved fusion techniques and 
development of posterior instrumentation. In this lecture, we 
would like to prepare for the future through reviewing past 
and present data regarding occipitocervical / upper cervical 
surgery.
Occipitocervical fusion

- Onlay Bone Graft With or Without Wiring
- Locksley Intersegmental Tie-Bar Method
- Use of Hooks
- Rod–Wire Techniques
- Pin-and-Wire Fixation
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- Screw-and-Plate or Screw-and-Rod Techniques
- Screw-and-Rod Fixation
- The C1–Occipital Condyle Screw

Atlantoaxial fusion

- Bone–Wire Techniques
- Methylmethacrylate and Pin Fixation
- Interlaminar Clamp
- Transarticular Screw Fixation
- Transarticular Screws With Claw
- Titanium Mesh Cages and Transarticular Screws
- Fixation of C1–2 With Polyaxial Screws and Rods

Conclusions: While many innovations and surgical techniques 
have been proposed, some have been abandoned over time. 
It is reasonable to examine this experience and inquire into 
what lessons can be derived. 
Keywords : Occipitocervical fusion, Atlantoaxial fusion 

Anterior Decompression and/or Fusion

Dong-Ho Lee

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

Backgrounds and Introduction: Anterior decompression and/
or fusion has been a viable option for effectively treating 
cervical disease ever since it was first introduced by Smith 
and Robinson in 1950. Through this approach new effective 
surgical techniques, such as artificial disc replacement 
(ADR), anterior cervical discectomy and fusion (ACDF), 
anterior cervical corpectomy and fusion (ACCF), or anterior 
translational osteotomy (vertebral body sliding osteotomy; 

VBSO) have been developed throughout the years. In this 
section, we review about the advantages, limitations, and 
indications in different surgical techniques regarding the 
anterior approach of the cervical region.
Main Body: Anterior decompression alone is a procedure 
that is not currently used because damage to the operated 
segment can cause severe neck pain and kyphosis. To 
avoid these problems, ACDF was introduced in 1960 and 
is still widely performed throughout the world. Recently an 
alternative technique, ADR, was developed to overcome the 
limitations of ACDF. ADR allows for the preservation of 
motion of the segment undergoing discectomy and possibly 
reduce the degenerative changes in the adjacent segments. 
Although there are ongoing debates about the progression of 
post-operative degenerative changes in the adjacent segments 
after ADR, recent studies have shown affirmative results 
regarding the matter. nevertheless, there are limitations in 
patient selection compared to ACDF, such as in cases with 
existing severe cervical deformities or having segmental 
instabilities. ACCF is traditionally the most widely applied 
surgical strategy for OPLL cervical myelopathy as an anterior 
decompression method. It provides a wider working space 
compared to ACDF. however, there is the high complication 
rates of ACCF, including graft displacement and CSF 
leakage. To overcome the high complication rates of ACCF, 
a novel anterior translational osteotomy, named “vertebral 
body sliding osteotomy” (VBSO), has been reported by our 
institution. the major advantage of VBSO is that it minimizes 
the need to manipulate the OPLL mass directly, thereby 
minimizing the risk of dural tear. Furthermore, VBSO 
provides a more stable construct than ACCF and can also 
restore cervical lordosis, as multi-level ACDF is included in 
the procedure.
Conclusions: Anterior Decompression and/or Fusion has 
advantages about the neurologic recovery, restoring cervical 
lordosis, improving the neck pain. However, it is associated 
with frequent complications, including CSF leakage or graft 
failure. surgical techniques such as ADR, ACDF, ACCF, or 
translational osteotomy are viable options for effectively 
treating cervical disease. but the surgical method should 
be carefully selected after considering the advantages and 
limitations and patient-specific factors.
Keywords: Anterior decompression and fusion, Artificial 
disc replacement, Anterior cervical corpectomy and fusion, 
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Anterior cervical discectomy and fusion, Vertebral body 
sliding osteotomy 

Posterior Decompression and/or Fusion

Byung Wan Choi

Department of Orthopaedic Surgery, Inje University Haeundae Paik Hospital, 
Busan, Korea

Backgrounds and Introduction: Continuing innovation requires 
a knowledge and understanding of past advances, the ability 
to recognize successes and mistakes, and the vision to clarify 
current and future challenges. We therefore performed a 
historical review on cervical spine surgery with respect to the 
development of posterior decompression and/or fusion.
Main Body
1. Posterior decompression

At the beginning of 20th century, surgeons treated herniated 
discs like tumors arising in the spine that required removal 
by posterior laminectomy and hemi-laminectomy. In 1950s, 
the concepts of degeneration of the intervertebral disc and 
herniation of the nucleus pulposus were postulated and 
adopted. Laminectomy has been performed using several 
variations of technique vis transdural or extradural approach. 
By the advance of biomechanical studies, surgeons began to 
shift from using posterior to anterior techniques in 1950s. 
2. Stabilization and fusion

Restoring spinal stability and preventing further neurologic 
deficits have led surgeons to find a way to stabilize the spine 
since the end of the 19th century. Methods of posterior 
stabilization have progressed from interspinous wiring 
(in 1891), through facet wiring and sublaminar wiring (in 
1977), to the lateral mass screws with plates and rods. The 
modern era of cervical spine surgery in treatment of cervical 
instability began with the reports of Roy-Camille who 
treated spinal instability with plates and screws inserted in 
the lateral masses. The original Roy-Camille procedure was 
modified by Magerl, Anderson, and An. In 1994, Abumi 
et al. introduced and tested cervical pedicle screws. Today, 
posterior cervical screw fixation is utilized by most spine 
surgeons instead of wiring for its superior biomechanical 
strength. Real-time navigation is becoming increasingly 

utilized for cervical screw insertion.
3. Laminoplasty

In 1970s, laminoplasty was introduced to treat degenerative 
cervical spinal stenosis at multiple levels by posterior 
approach. Various techniques of laminoplasty have been 
developed after two prototype techniques: Hirabayashi’s 
open-door laminoplasty and Kurokawa’s spinous process 
splitting (double-door) laminoplasty.  Recent development in 
lami¬noplasty is preservation of muscle attachment, which 
enabled dynamic stabilization of the cervical spine by neck 
extensor muscles. After treatment with new laminoplasty 
techniques with active postoperative neck range of motion 
exercises, postoperative instability, kyphosis, axial neck pain, 
and loss of range of motion seems minimal.
Conclusions: The most important advances in posterior 
surgery appear to proper decompression of neural structures, 
and more reliable fusion of unstable symptomatic segments. 
Newer techniques will take inspiration from the efforts and 
outstanding contributions of those pioneering surgeons of the 
last 150 years who improved our understanding of cervical 
spinal disorders and explored the potential of surgery at the 
cervical spine.
Key words: Cervical spinal surgery, Historical perspective, 
Laminectomy, Posterior fusion, Laminoplasty 

Artificial Disc Replacement

Jong-Beom Park

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

Backgrounds and Introduction: Anterior cervical decompression 
and fusion (ACDF) has been widely used for radiculopathy or 
myelopathy caused by degenerative cervical disc diseases as 
gold standard procedure. However, a better understanding of 
adjacent segment disease (ASD) has been slowly changing 
attitudes toward ACDF. With biomechanical and clinical 
data demonstrating progression of ASD in the cervical spine 
after arthrodesis, interest in motion-preserving technology 
such as cervical disc arthroplasty (CDA), is likely to develop 
and continue. The purpose of this study was to highlight the 
history of CDA and discuss the current status of the principal 
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devices currently available in the market.
Main Body: CDA was first described by Cummins in 1991. 
The indications for CDA are radiculopathy or myelopathy 
with 1- or 2-level cervical soft disc herniation and/or mild 
spondylosis. To date, nine CDA devices have been approved 
by the US Food and Drug Administration (FDA) for 1-level 
CDA: PRESTIGE ST, PRODISC-C, BRYAN, SECURE-C, 
PCM, Mobic-C, PRESTIGE LP, M6-C, and Simplify. Two 
CDA devices, Mobic-C and  PRESTIGE LP, have been 
approved for 2-level CDA. FDA Investigational Device 
Exemption (IDE) trials have shown noninferiority of CDA 
compared with ACDF. Benefits of CDA include discectomy, 
disc height restoration, near physiologic motion preservation, 
and decompression of neural structures. There is extensive 
literature analyzing the incidence of ASD after CDA, and, 
with follow-up approaching 10 years, some studies suggest 
a reduced incidence with CDA. As an alternative to ACDF, 
CDA represents an opportunity window to treat earlier 
younger patients with moderate forms of multilevel cervical 
disc diseases achieving a favorable clinical outcome as 
expanded indications. Hybrid construct constitute a valid 
option for patients with different stages of spondylosis 
progression. CDA may be used in less spondylotic levels 
or in those expected to have a higher range of motion. The 
beneficial effect of CDA on cervical spine alignment is not 
inferior to ACDF, as motion preservation allows for proper 
alignment compensations.
Conclusions: The last several decades have witnessed notable 
milestones in the development of CDA. The ultimate goal 
is to construct a device that stabilizes the involved segment, 
preserves motion, and mimics the kinematics of a healthy 
intervertebral disc. Given the evidence of ASD associated 
with arthrodesis, as well as encouraging results thus far from 
various clinical and biomechanical studies, the drive for 
further development of the CDA field is likely to continue. 
Keywords: Cervical spine, Anterior cervical decompression 
and fusion, Adjacent segment disease, Motion-preserving 
technology, Cervical disc arthroplasty

Free Paper: Trauma

S105

Profile, Incidence and Outcome of Patients Diagnosed 
with Traumatic Cervical Spine Injury Admitted at 
Southern Philippines Medical Center-Department of 
Orthopedics: A Retrospective Review

Ali Farhan Pendaliday

Department of Orthopaedic Surgery, Southern Philippines Medical Center, 
Philippines

Purpose: Cervical spine injury, accounts for approximately 50% 
of all spinal cord injuries. It is one of the most overwhelming 
causes of morbidity and mortality in industrialized and 
developing countries. Profiling and determining the outcome 
of traumatic cervical spine injuries will provide us with 
a database identifying the different causes of injury, co-
morbidities and reasons for mortality of admitted traumatic 
cervical spinal cord injury (SCI) patients in Southern 
Philippines Medical Center (SPMC). This will provide 
additional source of information since there is no nationwide 
database currently available in the Philippines. This study 
aims to create a registry geared towards improving data 
collection of SCI profile. This registry can be used for future 
research that will help improve orthopedic health care in the 
future.
Materials and Methods: This is a retrospective descriptive 
study conducted on all traumatic cervical SCI patients 
admitted at SPMC from the year 2015 to 2017. Chart review 
was done, and the following information were gathered: age, 
sex, etiology, level of injury, diagnosis, neurologic status, 
surgical and nonsurgical management, and disposition. Data 
was tabulated, and the mean was computed. Results were 
then interpreted in a descriptive manner.
Results: A total of sixty-one (61) patients were included 
in the study. Fifty-six were male and five were female. 
Fall was the leading cause of most spinal cord injuries at 
60.65%. Thirty (30, or 49.18%) presented as ASIA A upon 
admission. C4-C5 level was the most commonly involved 
cervical spine segment at 49.18%. Most of the patients 
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with cervical SCI had bilateral facet dislocation as the most 
common morphology at 36.06%. The most common surgery 
performed was application of Gardner wells traction with 
38 cases recorded. Mean days before undergoing surgery 
was 10.07 days±19.83. Most common complication that 
developed on admitted patients was hospital acquired 
pneumonia. Disposition of patients were mostly discharged 
at 42.62%.
Conclusions: Fall is the leading cause of injury among 
Filipinos with cervical SCI in SPMC as compared to the 
National Spinal Cord Injury Database (NSCID) data which 
is road traffic accident. The lack of local data is the main 
reason for the conduction of this study. The demographic 
and clinical profile gathered can be used as part of the 
national database. The creation of this standardized and 
comprehensive registry will provide means of collecting 
accurate data from SCI patients nationwide. This can be used 
for future research and treatment protocols.
Keywords: Cervical, Profile, Trauma, SPMC, Spine
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Characteristics and Prognosis of Traumatic Cervical 
Spine Injury in Older Adults Based on Injury 
Mechanism: A Multicenter Study of 1,512 Cases

Noriaki Yokogawa, Satoshi Kato, Kei Ando*,  
Toru Funayama†, Kota Watanabe‡, Takeo Furuya∮,  
Hideaki Nakajima∥, Tomohiko Hasegawa¶,  
Hiroyuki Tsuchiya

Department of Orthopaedic Surgery, Graduate School of Medical Sciences, 
Kanazawa University, Japan 
*Department of Orthopedic Surgery, Nagoya University School of Medicine, 
Japan 
†Department of Orthopaedic Surgery, Faculty of Medicine, University of 
Tsukuba, Japan 
‡Department of Orthopaedic Surgery, Keio University School of Medicine, Tokyo, 
Japan 
∮Department of Orthopaedic Surgery, Graduate school of Medicine, Chiba 
University, Japan 
∥Department of Orthopaedics and Rehabilitation Medicine, Faculty of Medical 
Sciences University of Fukui, Japan 
¶Department of Orthopaedic Surgery, Hamamatsu University School of 
Medicine, Japan

Purpose: Although cervical spine injuries are commonly 
caused by minor trauma in older adults, their prognosis 

is often unfavorable. The purpose of this study was to 
investigate the characteristics and prognosis of traumatic 
cervical spine injuries in older adults by injury mechanism.
Materials and Methods: 1,512 older patients (65 years or 
older at the time of injury) with traumatic cervical spine 
injuries registered in the multicenter database of the Japan 
Association of Spine Surgeons with Ambition (JASA) 
were retrospectively reviewed. Patient characteristics and 
prognosis at 6 months post-injury were investigated and 
compared by the mechanism of injury with a focus on the 
fall height. The prognostic factors for unfavorable outcomes 
were also examined in ground-level falls cases.
Results: The most common injury mechanism was ground-
level falls (38%), followed by high falls (≥1 m) (22%), traffic 
accidents (19%), low falls (<1 m) (16%), and others (5%). The 
proportion of ground-level falls increased with age, and more 
than half of the patients aged 85 years or older were injured by 
falls from ground-level. The overall mortality rate, ambulation 
recovery rate, and home discharge rate at 6 months post-injury 
were 7%, 73%, and 82%, respectively. In the association 
between fall height and patient characteristics, age at injury, 
Charlson comorbidity index (CCI), modified 5-item frailty 
index (5-mFI), and prevalence of cervical ligament ossification 
were negatively correlated with the fall height (p<0.05). The 
higher the fall height, the higher the incidence of cervical bony 
injuries; in contrast, the lower the fall height, the higher the 
incidence of cervical spinal cord injury without bony injuries. 
The neurological disability at injury was not significantly 
associated with the fall height. In the association between 
fall height and prognosis at 6 months post-injury, fall injuries 
from a lower height showed significantly higher mortality 
and lower ambulation recovery (p<0.05). For ground-level 
falls, common prognostic factors for unfavorable outcomes, 
including mortality, walking disability, and home discharge 
difficulty, were older age and severe neurological disability at 
injury; high CCI score was a factor associated with mortality 
and high 5-mFI was a factor associated with walking disability 
and difficulty in home discharge.
Conclusions: Ground-level falls, the most common cause 
of traumatic cervical spine injury in older adults, were 
associated with pre-injury poor health conditions, such as 
preexisting medical comorbidities and advanced frailty, and 
unfavorable outcomes.
Keywords: Traumatic cervical spine injury, Older adults
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Reducibility of Facet Joint Dislocation by 
Preoperative Traction in the Treatment of Distractive-
Flexion Injury of the Lower Cervical Spine

Kyung-Jin Song, Won-Bin Song, Kyung-Tae Kim,  
Jong-Hyun Ko*, Byung-Wan Choi†

Department of Orthopaedic Surgery, Presbyterin Medical Center, Jeonju, Korea 
*Department of Orthopaedic Surgery, Jeonbuk National University Hospital, 
Jeanju, Korea 
†Department of Orthopaedic Surgery, Inje University Haeundae Paik Hospital, 
Busan, Korea

Purpose: Anterior surgery may be usually sufficient for 
closely reduced distractive-flexion injury (DFI), whereas 
reduction failed injuries should be reduced by more invasive 
procedure. However, there is no studies about the risk 
factors preventing closed reduction in DFI. This study 
aimed to evaluate the radiologic characteristics of dislocated 
and subluxated facet joints to predict the reducibility of 
preoperative traction in unstable DFI. 
Materials and Methods: Fifty patients, who underwent 
surgical treatment due to unstable DFI (DF stage more than 
2) were enrolled. We subdivided the patients into two groups 
(Group A: preoperative reduction, Group B: failed reduction). 
Using CT scan, we analyzed the degree of dislocation and 
subluxation of facet joints (Facet involvement score). Major 
injured facet (MIF) joint was defined as a dislocated joint 
with more damage, and the opposite facet joint was defined 
as a minor injured facet joint(mIF) with subluxation. The 
severity of MIF injury was analyzed by vertically dividing 
into quarters of dislocated facet joint. The severity of mIF 
injury was analyzed by dividing into quarters of subluxated 
articular surface facet. The degree of soft tissue injury was 
measured with MRI. We analyzed the correlation between 
preoperative reducibility and the severity of MIF/mIF injury 
and soft tissue injury as first outcome. We also analyzed 
the statistical significance between reducibility and other 
variables. 
Results: Group A was consisted with 27 and group B with 23 
cases. There was no statistical significance on age, segment 
of injury, gender, and soft tissue injury between two groups. 
In DFI 2, the more severe MIF-dislocation (G3 and G4), the 
higher the probability of reduction failure (p<0.001, Fisher’s 

exact test with linear-by-linear association), and the less 
mIF-subluxation (D1), the higher the probability of reduction 
failure (p=0.033). In DFI 3 and 4, grade of MIF-dislocation 
also seemed to correlate the reducibility (p=0.013), however 
the degree of mIF-subluxation was not statistically significant 
(p=0.154). 
Conclusions: Facet involvement score could be used as a 
diagnostic and therapeutic tool in the treatment of DFI of 
the lower cervical spine. Especially, in DFI 2, severe MIF 
dislocation (more than 50% dislocation in vertical plane 
of facet joint) or mild mIF subluxation (less than 25% 
subluxation), and more than 75% dislocation in DFI 3 may 
be a risk factor of preventing closed traction reduction.
Keywords: Lower cervical spine, Distractive-flexion injury, 
Traction, Reduction

S108

Underweight (BMI <18.5) on the Risk of Vertebral 
Fracture: A Nationwide Population-based Study

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

Department of Orthopaedic Surgery, Ajou University School of Medicine, Suwon, 
Korea

Purpose: Vertebral fractures are accompanied by severe pain 
and disability, and it is also associated with an increase in 
mortality. There have been literatures that underweight is 
associated with vertebral fractures, but there has been no 
report that the accumulation, occurrence, or improvement of 
underweight affects the incidence rate. We investigated the 
effect of the cumulative longitudinal burden of underweight 
on the development of vertebral fracture.
Materials and Methods: We included 561,779 adults whose 
data were registered in the Korean National Health Insurance 
Service database in 2009 and who were without fractures 
within a year. From three consecutive national health 
screening surveys performed in Korea from 2007 to 2009, 
cumulative number of underweight (0-3 times) and changes 
in underweight status (not-underweight, recovery-from-
underweight, newly-onset-underweight, and persistent-
underweight) were measured. The risk of vertebral fracture 
between 2010 and 2017 according to cumulative burden 
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of underweight and change in underweight status was 
prospectively analyzed using cox regression analysis.
Results: During a mean follow-up of 8.3 years, new vertebral 
fracture was occurred in 7,049 (1.3%) of the total population. 
In the Cox proportional hazards model, the risk of 
vertebral fractures in the underweight population increased 
approximately 1.3-fold compared to normal body weight 
population (p=0.02). The risk of fracture was increased in all 
groups in which the underweight occurred 1, 2, and 3 times 
compared to the group in which the underweight occurred 
0 times (All p<0.05). The risk of fracture did not increase 
with the increase in the number of underweights. Recovery 
from underweight was linked to a decreased risk of vertebral 
fracture (hazard ratio [HR]=1.09 vs. 1.24), and newly-onset-
underweight was linked to an increased risk of vertebra 
fracture (HR=1. 14 vs. 1).
Conclusions: Underweight increases the risk of vertebral 
fracture. Therefore, if there is a risk of vertebral fracture, 
maximal effort should be made to avoid underweight. 
However, if the underweight is overcome, the risk is reduced 
compared to the case where it is consistent, so even if an 
underweight occurs, efforts should be made to correct it 
immediately to prevent vertebral fracture.
Keywords: Underweight, Vertebral fracture

Free Paper: Miscellaneous

S109

The Relationship Between the Frailty, Skeletal 
Muscle Mass and Bone Mineral Density in Patients 
with Osteoporotic Vertebral Fractures

Yong-Soo Choi, Ji-Hoon Park, Sang-Min Lee,  
Tae-Gyu Park, Jung-Oh Kang

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

Purpose: The impact of skeletal muscle mass and bone 
mineral density following osteoporotic vertebral fractures on 
the frailty remains unclear. The purpose of this study was to 
assess the association between the frailty and osteoporotic 

vertebral fracture and to evaluate the relationship between 
the frailty, skeletal muscle mass and bone mineral density in 
patients with osteoporotic vertebral fractures.
Materials and Methods: We enrolled 66 patients with 
osteoporotic vertebral compression fractures. We investigated 
principal clinical information, which included age, body 
mass index, frailty index and radiological parameters 
including lumbar lordosis, thoracic kyphosis, skeletal muscle 
mass, bone mineral density (BMD). The association between 
the frailty and the variables was analyzed.
Results: As for clinical characteristics, the mean age, body 
mass index, BMD T-score, skeletal muscle mass, the 
frailty was 78.00±7.79 years old, 22.29±3.30, -3.59±0.96, 
37.84±6.24kg, 2.59±1.08, respectively. The frail before 
osteoporotic vertebral fracture was 14 (21.12%) out of 66 
cases, but the frail after the vertebral fracture occurred in 37 
cases (56.06%), indicating that the stage of frailty worsened. 
In addition, 23 patients (34.84%) who were converted from 
pre-frail to frail after osteoporotic vertebral fracture showed 
lower bone density (mean T-score; -3.7±0.93) as well as 
lower muscle mass (mean lean mass; 35.74±3.83). The frailty 
was negatively correlated with bone mineral density (r=-0.28, 
p=0.02). The bone mineral density was positively correlated 
with the skeletal muscle mass (r= 0.29, p=0.02). There was a 
positive correlation between osteoporotic vertebral fracture 
and the frailty (r=0.33, p=0.01), especially fatigue (r=0.31, 
p=0.01) and ambulation (r=0.21, p=0.01).
Conclusions: These results suggest that low skeletal muscle 
mass and bone mineral density in patients with osteoporotic 
vertebral fractures could be exacerbated the stage of the 
frailty. Furthermore, the frailty could be a causal and/or 
resulting factor of osteoporotic vertebral fractures.
Keywords: Osteoporosis, Vertebral fractures, Frailty, Bone 
mineral density, Muscle mass
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Is More Beneficial Longer Use of Teriparatide for 
Surgical Outcomes After Spinal Fusion?

Sang-Il Kim, Young-Hoon Kim, Hyung-Youl Park*,  
Hyo-Jin Lee

Department of Orthopaedic Surgery, Seoul St. Mary̓s Hospital, The Catholic 
University of Korea, Seoul, Korea 
*Department of Orthopaedic Surgery, Eunpyeong St. Mary's Hospital, The 
Catholic University of Korea, Seoul, Korea

Purpose: Due to its bone forming mechanism, teriparatide is 
thought to increase bone union after fracture as well as fusion 
surgery. However, several studies showed inconsistent results 
for teriparatide after spine fusion surgery and there was no 
consensus regarding optimal treatment duration. The purpose 
of this study was to compare the surgical outcomes between 
short and long duration of teriparatide after lumbar fusion 
surgery in elderly patients.
Materials and Methods: Seventy-one patients older than 60 
years who underwent lumbar fusion surgery for degenerative 
diseases and postoperative teriparatide injection (daily 
subcutaneous injection of 20ug teriparatide) were 
retrospectively evaluated. Based on the teriparatide treatment 
duration, patients were subdivided into two groups: short-
duration (SD) group (< 6 months, n=47) and long-duration 
(LD) group (≥ 6 months, n=24). We investigated mechanical 
complications such as screw loosening, cage subsidence, and 
vertebral fractures. Also, union at postoperative 1-year and 
reoperation were evaluated. Clinical outcomes including pain 
(VAS) and disability (Oswestry Disability Index, ODI) were 
recorded. Between-group differences for these radiographic 
and clinical parameters were evaluated.
Results: Cage subsidence was identified in 3 (6.4%) and 1 
(5.6%) patient of SD and LD group, respectively. Screw 
loosening was identified in 13 (27.7%) and 9 (37.5%) 
patients of SD and LD group, respectively. Nonunion at 
postoperative 1-year was identified in 17 (36.2%) and 
3 (12.5%) patients of SD and LD group, respectively. 
Nonunion rate was significantly different between groups, 
but not cage subsidence and screw loosening rate. Both 
groups showed the improvement in VAS and ODI after 
surgery. However, VAS for back pain and ODI improved 
significantly more at postoperatively 6- month and 1-year in 

LD group than SD group. 
Conclusions: Longer teriparatide treatment after spine surgery 
resulted in higher union rate at postoperative 1-year. Also, 
longer teriparatide treatment was more beneficial for clinical 
outcomes than shorter treatment.
Keywords: Teriparatide, Fusion, Outcome, Lumbar

S111

Contralateral Retrodiscal Transforaminal Approach 
for Percutaneous Epidural Adhesiolysis: A Technical 
Description and Retrospective Comparative Study

Ki-Han You, Min-Seok Kang*

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

Purpose: Retrodiscal transforaminal (RdTF) epidural steroid 
injection (ESI) is clinically comparable to conventional 
transforaminal ESI and can avoid catastrophic complications. 
However, it poses a risk of inadvertent intradiscal, 
intravascular, and intrathecal injections. Therefore, we 
aimed to evaluate the feasibility of percutaneous epidural 
adhesiolysis (PEA) using the contralateral (Contra)-RdTF 
approach.
Materials and Methods: The electronic medical records of 332 
patients with unilateral lumbar radiculopathy due to foraminal 
disk pathology were reviewed. Patients were categorized into 
two groups: Group A (ESI using the RdTF approach) and 
Group B (PEA using the Contra-RdTF approach). Effective 
pain relief (EPR; ≥50% pain relief from baseline) in patients 
was evaluated using the visual analog scale (VAS) at 4 and 
12 weeks after the procedure. The presence of unintended 
fluoroscopic findings and complications was recorded.
Results: A total of 119 patients were enrolled in the final 
analysis: 81 in Group A and 38 in Group B. Both groups 
showed lesser VAS scores after 4 and 12 weeks than at 
baseline (p<0.05). However, the proportion of patients with 
EPR was significantly greater in Group B after 12 weeks 
(p=0.015). No complications, including intrathecal injection, 
infectious discitis, and neurologic deterioration, were 
reported. However, inadvertent intradiscal and intravascular 
injections were reported to be significantly higher in Group A 



Volume 29  •  Number  S1  •  May 2022

www.krspine.org www.krspine.org S87S86

than in Group B (14.8% and 0%, respectively; p=0.009).
Conclusions: Although applications of this study are limited 
by its retrospective design, the results suggest that PEA using 
the Contra-RdTF approach is feasible because it can achieve 
EPR and avoid unintended fluoroscopic findings.
Keywords: Contralateral retrodiscal transforaminal approach, 
Epidural steroid injection, Intradiscal injection, Intravascular 
injection, Percutaneous epidural adhesiolysis

S112

Applications of 3D Exoscopic Visualization in Spine 
Surgery: The Philippine Experience

Michael Louis Ang Gimenez

Department of Orthopaedic Surgery, Cardinal Santos Medical Center (Manila), 
Philippines

Purpose: The use of the 3D Exoscope has emerged as a 
viable, alternative microvisualization platform in spine 
surgery versus conventional binocular microscopy. The 
availability of an OM (operating microscope) that allows 
hybrid visualization (binocular and exoscope) has opened 
new frontiers in the utilization of the advantages of an 
exoscopic visualization workflow. In our local experience, 
the advent of the Covid-19 pandemic brought forth a stronger 
impetus to expand the utilization of the exoscope given its 
safety advantages versus binocular microscopy in terms of 
eye contamination.
Materials and Methods: Our center procured the Zeiss 
Kinevo 900 OM in July 2019, the 1st in the Philippines. 
Since then, the 3D exoscopic workflow has been used for 
a myriad of spine conditions. Initially, it was used for MIS 
lumbar discectomies, decompressions and instrumented 
fusions. Eventually, this was applied for metastatic and 
primary tumors, encompassing extradural, intradural and 
intramedullary pathologies. Urgent cases of spinal cord 
compression, mostly from oncologic cases were the primary 
indications in the 1st year of the pandemic. The theoretical 
advantages of the 3D exoscope in terms of surgeon comfort, 
ergonomics, enhanced instrumentation workflow and 
visualization were explored hand-in-hand with the operative 
results and outcome. This was compared to the experience 
using the conventional OM. Observed disadvantages, 

limitations and the perceived learning curve were likewise 
noted.
Results: The 3D exoscope was used for MIS and open lumbar 
microdiscectomies and decompressions, TLIFS, separation 
surgeries, , IDEM and intramedullary cord tumors. A Hybrid 
approach (combined OM and exoscope use) was used for 
ACDF cases. Inherent advantages noted with the use of 
the 3D exoscope: 1) Surgeon comfort because of superior 
ergonomics 2) Enhanced freedom maneuvering instruments 
in and around the surgical field 3) An effective teaching tool 
for trainees because of the enhanced digital visualization, 
depth perception and concurrently, the ability to watch 
the surgeon’s hand movement given the open view of the 
surgical field 4) A reasonable learning curve in terms of 
hand-eye coordination, depth perception, and use of the 
foot pedal for motorized movements across all spine cases 
performed. 5) Use of hybrid visualization enhanced time and 
work efficiency in specific cases. Perceived disadvantages 
versus binocular microscopy: 1) Magnification with the OM 
remained superior although there was no need to transition 
to OM in any of the exoscope cases 2) Robotic repositioning 
with the foot pedal remained slower versus use of the OM 
handles.
Conclusions: The 3D Exoscope has inherent advantages that 
makes it a powerful and viable microvisualization tool in 
spine surgery. The added safety features it provided surgeons 
during the pandemic cannot be overemphasized.
Keywords: 3D Exoscope, Spine, Covid, pandemic, Kinevo
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Radiographic Evaluation of Single-level Infective 
Lumbar Spondylodiscitis Following Conservative 
Compared to Surgical Treatment: Retrospective 
Cohort Study

Thippatai Chaichompoo, Werasak Sutipornpalangkul*

Department of Orthopaedic Surgery, Thabo Crown Prince Hospital, Thabo 
district, Nongkhai, Thailand 
*Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

Purpose: To investigate the radiographic outcomes of conservative 
treatment compared with surgical treatment in single-level 
infective spondylodiscitis patients.
Materials and Methods: All data were collected through 
a retrospective chart review on one hundred and sixteen 
patients who were diagnosed as single-level infective 
spondylodiscitis in lumbar vertebrae from July 2009 to 
September 2019 in Siriraj Hospital. Radiographic evaluation 
which composed of lumbar lordotic angle, segmental 
kyphotic angle and foraminal height of lumbar spine was 
measured by lumbar lateral view before treatment and after 1 
year follow-up.
Results: One hundred and sixteen patients were enrolled and 
divided into conservative treatment group (n=58) and surgical 
treatment group (n=58). Both groups were similar in terms 
of demographic characteristics. Mean age was approximate 
60 years old. Level of L2-3 and L4-5 were most frequently 
affected. Specimen culture was positive about 38.8%. 
Mycobacterium Tuberculosis was the most common isolated 
causative agent. All pre-treatment radiographic parameters in 
surgical group were worse than conservative group. After 1 
year follow up, conservative treatment resulted in worsening 
of segmental kyphosis with statistically significant (p<0.01)), 
while surgical approach could improvement in segmental 
kyphotic angle. Furthermore, combined surgical approach 
resulted in improvement of segmental kyphotic angle after 
1 year follow-up (p=0.013) but no changing in anterior and 
posterior approach (p=0.511, p=0.475).

Conclusions: In single-level infective lumbar spondylodiscitis, 
the surgical treatment can significantly improve segmental 
kyphotic angle and the result is better than conservative 
treatment. Furthermore, combined approach should be first 
considered for their benefit in improvement of regional 
spinal alignment. However, decision for early surgery in 
spondylodiscitis patient still debate and require further study.
Keywords: Infective spondylodiscitis, Single level lumbar 
spondylodiscitis, Radiographic evaluation, Spinal infections, 
Lumbar lordosis

E02

Management of Spinal Brucellosis in a Tertiary Care 
Hospital

Shyamasunder Bhat Neerka, Kavitha Saravu,  
Naveen Jeyaraman, Nishanth Ampar, Raghuraj Kundangar

Department of Orthopaedic Surgery, Kasturba Medical College, Manipal, 
Manipal Academy of Higher Education, India

Purpose: Despite increasing brucella cases across the country 

and state, no literature is available on the clinical profile 

and outcome analysis of spinal involvement. This study 

endeavors to analyze these at our tertiary level center in 

Southern India.

Materials and Methods: We included 25 confirmed cases 

of spinal brucellosis. These patients were managed 

non-operatively with antibiotics for 8 to 12 weeks and 

operatively with stabilization and fusion. The outcome 

measures were analyzed by Spondylodiscitis Severity Code 

(SSC). All patients were followed up at six months as per 

standard of care with relevant investigations. 

Results: The mean age of the study participants was 

52.16±12.53 years. According to SSC grading, 4 patients 

belong to grade 1, 13 patients belong to grades 2 and 8 

belong to grade 3. Erythrocyte Sedimentation Rate (ESR) 

and C-Reactive Protein (CRP) had improved statistically 

(p) by the end of 6 months. The treatment duration was 

individualized according to the functional need of the 

patient. 

Conclusions: High index of suspicion of patients from 

endemic region, proper clinical assessment, serological and 

radiological evaluation, appropriate decision making in 
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treatment (medical/surgical), regular follow-up are the keys 

to success in the completion of spinal brucellosis treatment.

Keywords: Brucellosis, Spinal, Spondylodiscitis

E03

Functional Outcome and Fusion Rates of 
Translaminar Screw Fixation of The Lumbar and 
Lumbosacral Spine: A Case Series

Andhika Yudistira, Maulana Hasymi Hutabarat*,  
Lasa Dhakka Siahaan*

*Orthopaedic and Traumatology Department, Faculty of Medicine Universitas 
Brawijaya, RSUD Dr. Saiful Anwar, Malang, Indonesia 
Corresponding Author/Presenter

Purpose: Pedicle screw fixation has been the gold standard 
because this technique allows solid arthrodesis and provides 
a degree of stiffness that immediately diminishes mechanical 
back pain. Although the translaminar screw technique is 
considered inferior to the pedicle screw technique due to 
the thought that it is minimally invasive, studies proved 
that both fixation systems had significantly greater stiffness 
and reduced range of motion compared with the normal 
vertebrae. The purpose of this study is to determine the 
fusion rate, the clinical outcome of translaminar screw 
fixation of the lumbar and lumbosacral for the long term. 
Materials and Methods: We evaluate six patients with a 
degenerative lumbar disorder and performed posterior 
lumbar fixation and fusion with the translaminar screw. The 
translaminar screw was performed monosegmentally (3 
patients), across two segments (1 patient), and across three 
segments (2 patients). We then evaluate Oswestry Disability 
Index (ODI) score one week, three months, and one year 
postoperatively. 
Results: Preoperatively, all respondents were categorized 
as crippled (83%) or bed-bound (17%) based on ODI 
score. Postoperatively, we found two patients improved to 
a minimal disability, three patients improved to moderate 
disability and one patient improved to severe disability. When 
lumbosacral spine fusion procedures are performed without 
supplemental internal fixation, a 10% pseudoarthrosis rate 
can be expected for single-level fusions, and the percentage 
can reach 30% if more than two levels are fused. The 

technique can be achieved with the pedicle screw technique 
or translaminar screw fixation. However, compared to the 
pedicle screw technique, the translaminar technique provides 
a limited profile and less bony invasion that will minimize 
the risk of failure. 
Conclusions: Translaminar screw offers immediate postoperative 
stability, seen in postoperatively, patients experienced better 
quality of life than preoperatively. It also represents a useful 
and inexpensive technique for short segment fusion of the non-
traumatic lumbar and lumbosacral spine. 
Keywords: Translaminar screw, Fusion rate, ODI score, 
Posterior lumbar fusion, Functional outcome

E04

Herpes Zoster Mediated Radiculitis after Thoracic 
Spine Surgery

Hyo-Sae Ahn 

Department of Orthopaedic Surgery, Spine Center and Pohang Semyeng 
Christianty Hospital, Pohang, Korea

Purpose: We report on Herpes Zoster Mediated Radiculitis 
after Surgery for Thoracic myelopathy due to T1-T2 Right 
paracentral disc herniation with Cord compression.
Materials and Methods: After the surgical treatment (T1 
Total laminectomy, C7, T2 dome Laminoplasty, T1-T2 
Discectomy, T1-T2 Posterior Fusion with pedicle screws), 
the symptoms of decreased sensation and muscle strength 
in the lower extremities gradually improved, but on the 10th 
day after the operation, a vesicular skin rash and stinging 
symptoms were complained of suddenly on the right chest 
wall and upper arm.
Results: I was referred to a division of infectious diseases, 
and the findings of R/O Herpes zoster (C7-C8, T1-T2) were 
heard. I was prescribed an antiviral agent, Valacyclovir, and 
after taking it for 1 week, the stinging symptoms and skin 
rash improved.
Conclusions: Zoster-mediated radiculitis must be considered 
as one of the causes of postoperative neuralgia, and a 
thorough careful physical examination and suspicion for this.
Keywords: Herpes zoster, Postoperative neuropathic pain
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Safety and Efficacy of Non-Fusion Anterior Scoliosis 
Correction (NFASC) for Treatment of Adolescent 
Idiopathic Scoliosis (AIS)– A Single Centre 
Experience

Umesh P. Kanade, Keyur Kantilal Akbari,  
Vighneshwara Badikillaya, Sajan K. Hegde

Department of Orthopaedic Surgery, Apollo Hospitals, Chennai, India

Purpose: To evaluate the radiological and clinical outcomes 
Non-fusion Anterior Scoliosis Correction surgery in patients 
with Adolescent Idiopathic Scoliosis.
Materials and Methods: 45 AIS patients who underwent 
the NFASC with a mean follow up of 26±12.2 months (12 
-48 months). These patients were managed for structural 
major curve, between 40°and 80° having >50% flexibility 
on dynamic x-rays. Pertinent clinical and radiological data 
collected regarding skeletal maturity, curve type, cobb 
angle, surgery details: blood loss, surgery duration and SRS-
22 questionnaire. A Post hoc analysis following repeated 
measures ANOVA test was used to examine statistically 
significant trends.
Results: 45 patients (43 Female, 2 Male) were enrolled, with 
a mean age of 14.96+2.69 years. The mean Risser score and 
Sanders’s score was noted to be 4.22±0.7 and 7.15±0.74 
respectively. By Lenke classification, majority (n=19, 42.2%) 
had type 5 curve, 16 patients (35.5%) had type 1 curve, while 
5 patients each had either type 3 or type 6 curve respectively. 
The mean main thoracic (MT) Cobb angle at first follow-
up (17.2+5.36) and at latest follow-up (16.92+5.06) were 
significantly lower than the preoperative mean MT cobb 
angle (52.11+7.74) by post-hoc analysis (p<0.05). Similarly, 
the mean Thoracolumbar/Lumbar ((TL/L) Cobb angle at 
first follow-up (13.48+5.11) and last follow-up (14.24+4.85) 
were also significantly lower than the preoperative mean TL/
L Cobb angle (51.45+11.26) (p<0.05). The mean correction 
in MT cobb angle was 66.88+0.09 % at first follow-up, while 
it was 67.93+0.08% at latest follow-up. The mean TL/L cobb 
angle correction was 73.6+0.08% at first follow-up while it 
was 72.57+0.1% at the latest follow-up. Mean preoperative 
and postoperative SRS-22 scores were 78.0±3.2 and 92.5 
±3.1respectively (p<0.01). None of the patient had any 

complications till the recent follow up.
Conclusions: NFASC offers promising curve correction and 
stabilization of curve progression in cases with AIS low risk 
of complications and proves to be a favorable alternative to 
fusion modality. Further study with long term follows up will 
elucidate potential risks and benefits of this novel technique.
Keywords: NFASC, AIS

E08

Determining a Cutoff Value for Hand Grip Strength 
to Predict Favorable Outcomes of Adult Spinal 
Deformity Surgery

Oh-Sang Kwon, Ho-Joong Kim, Dae-Woong Ham*

Department of Orthopaedic Surgery, Seoul National University Bundang 
Hospital, Seongnam, Korea 
*Department of Orthopaedic Surgery, Chung-Ang University Hospital, Seoul, 
Korea

Purpose: To define a cutoff value for hand grip strength and 
predict favorable outcomes of adult spinal deformity surgery. 
Materials and Methods: This study included 115 female patients 
who underwent reconstructive spinal surgery for ASD 
between September 2016 and September 2020. Hand grip 
strength was measured preoperatively. Oswestry disability 
index (ODI), EuroQOL-5-dimension (EQ-5D) score, and 
visual analog scale (VAS) score for back pain were recorded 
pre- and postoperatively. Patients were dichotomized into 
either favorable or unfavorable outcome groups using 
an ODI cutoff of 22 at 1 year after surgery. Multivariate 
logistic regression analysis was done to find out significant 
factors leading to favorable outcome. A receiver operating 
characteristic curve was drawn to define the cutoff value for 
hand grip strength for favorable outcomes.
Results: Multivariate logistic regression analysis showed that 
hand grip strength is significantly associated with favorable 
surgical outcomes in ASD (p=0.031). The receiver operating 
characteristic curve suggested a cutoff value of 14.20 kg for 
hand grip strength (area under the curve=0.678, p=0.013) 
to predict favorable surgical outcomes in ASD. The surgical 
complications were not significantly affected by hand grip 
strength.
Conclusions: Hand grip strength of patients with ASD can 
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be interpreted with a cutoff value of 14.20 kg. Patients with 
hand grip strength above this cutoff value showed superior 
surgical outcomes at 1 year after surgery over patients with 
hand grip strength below this cutoff value.
Keywords: Hand grip strength, Cutoff value, Adult spinal 
deformity, Reconstructive spine surgery, Surgical outcome

E09

A Complement Type to SRS-Schwab Adult Spinal 
Deformity Classification: The Failure of Pelvic 
Compensation

Oh-Sang Kwon, Ho-Joong Kim, Dae-Woong Ham*,  
Sang-Hoon Lee 

*Department of Orthopaedic Surgery, Chung-Ang University Hospital, Seoul, 
Korea  
Department of Orthopaedic Surgery, Seoul National University Bundang 
Hospital, Seongnam, Korea

Purpose: To define a complement type of ASD showing 
failure of pelvic compensation despite significant sagittal 
imbalance.
Materials and Methods: Patients were divided into either 
high/low pelvic tilt (PT)/pelvic incidence (PI) groups and 
also into either high/low sagittal vertical axis (SVA) groups 
with reference to the median values (0.68 and 147.5mm, 
respectively). Patients having low PT/PI and high SVA 
were considered to have failed pelvic compensation and 
were compared with other groups of patients. Radiographic 
spinopelvic parameters were measured. Patient reported 
clinical outcomes including Oswestry disability index 
(ODI), EuroQOL-5-dimension (EQ-5D) score, and visual 
analog scale (VAS) score for back pain were recorded pre- 
and postoperatively. Cross-sectional area of psoas and back 
extensor muscles were measured from magnetic resonance 
images.
Results: Patients with failure of pelvic compensation (having 
low PT/PI) had worse surgical outcome at 1 year after 
surgery. Postoperative radiographic parameters of this group 
of patients were similar to other group of patients. Psoas and 
back extensor muscle cross-sectional area were larger in this 
group of patients suggesting that muscle weakness is not the 
reason of failure or pelvic compensation.

Conclusions: Failure of pelvic compensation leads to worse 
surgical outcome after ASD correction. Hence, success or 
failure of pelvic compensation should be taken in count when 
categorizing the patients with ASD.
Keywords: Adult spinal deformity, SRS-Schwab classification, 
Pelvic compensation, Pelvic tilt, Surgical outcome

E10

Comparison between Tricortical Iliac Bone Graft 
and PEEK Fill Cancellous Iliac Bone Graft in 2 and 
3 Levels Anterior Cervical Discectomy and Fusion 
(ACDF), after 2 Years Follow up

Ekkapoj Korwutthikulrangsri

Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Thailand

Background: Anterior cervical discectomy and fusion 
(ACDF) is the most common treatments for cervical 
spondylosis myelopathy (CSM) and radiculopathy (CSR). 
The tricortical iliac bone graft (IBG) is the gold standard 
substitute. Donor site morbidity is a common complication. 
Polyetheretherketone (PEEK) is an interbody cage that 
decreases donor site complications. No difference in the 
outcome was found between the use of PEEK and IBG in 
one-level fusion. There was no study showing the outcome 
of PEEK filled cancellous IBG in 2 and 3 surgical levels. 
Purpose: To compare the radiographic and clinical outcome 
between PEEK-fill cancellous IBG and tricortical IBG in 2 
and 3 levels ACDF at 2 years follow up. 
Materials and Methods: The retrospective study was performed 
including patients who underwent ACDF between 2010 
-2018 from a single center multi-surgeon practice. We 
excluded the patients with trauma, infection and tumor. 
The post-operative dynamic c – spine flexion and extension 
radiographs were used to evaluate fusion and times to fusion. 
Donor site pain was recorded at post-operative follow up. 
The Neck Disability index (NDI) score was recorded both in 
preoperative and postoperative periods. 
Results: There were 33 patients per group. No difference in 
mean ages and gender. The two and three surgical levels 
of tricortical IBG are 22(66.7%) and 11(33.3%), in PEEK 
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filled cancellous IBG are 28(84.8%) and 5(15.2%). The 
fusion rate of 2 levels surgery were 18/22(81.8%) in IBG 
group and 23/28(82.1%) in PEEK group, in 3 levels surgery 
were 8/11(72.7%) and 3/5(60.0%) respectively (p=0.999). 
The total fusion rates were equal in both group (78.8% vs. 
78.8%, p=0.999). There was no significant difference in time 
to fusion (12 vs. 18 months, p=0.855). Donor site pain was 
significantly reduced in PEEK filled IBG for up to 1 week. 
NDI improvement showed no significant difference.
Conclusions: This study supports that PEEK filled cancellous 
IBG had similar fusion rate and clinical outcomes compared 
with tricortical IBG in two and three levels ACDF at two 
years follow up with significantly less donor site pain. 
Keywords: ACDF, Bone graft, Fusion, PEEK

E11

The Importance among the Level of Restoring 
Lumbar Lordosis, Reciprocal Change of Pelvic Tilt, 
and the Proximal Junctional Kyphosis

Dae-Woong Ham, Ho-Joong Kim*, Oh-Sang Kwon*

Department of Orthopaedic Surgery, Chung-ang University Hospital, Seoul, 
Korea 
*Department of Orthopaedic Surgery, Seoul National University, Bundang 
Hospital, Seongnam, Korea

Purpose: This study firstly aimed to scrutinize whether the 
level of restoring lumbar lordosis (LL) affects the reciprocal 
change of pelvic tilt (PT); and secondly to investigate 
whether the reciprocal change affect the development of 
acute proximal junctional kyphosis following adult spinal 
deformity (ASD) surgery. 
Materials and Methods: A total of 101 consecutive patients 
were included, who underwent the corrective surgery at a 
tertiary hospital for ASD with sagittal imbalance. The LL 
was theoretically subdivided into three groups: upper lumbar 
lordosis, mid lumbar lordosis, lower lumbar lordosis. After 
adjustment of covariates, multivariate regression analysis was 
used to assess each component of the proposed mediation 
models among postoperative PT angle, the level of lumbar 
lordosis, thoracolumbar slope angle, and the acute proximal 
junctional kyphosis (PJK). Mediation was also assessed by 
the Sobel test.

Results: The postoperative thoralco-lumbar slope (TLS) 
angle in the PJK+group was significantly larger than in the 
PJK- group (-10.2±9.7and -18.8±6.7, respectively. p<0.001). 
Multivariate regression analysis with Sobel test demonstrated 
that the PT significantly mediated mid to lower LL in 
postoperative TLS angle which significantly related with 
acute PJK in this study population. 
Conclusions: The present study highlights the importance 
of mid to lower LL in influencing the reciprocal change 
of postoperative PT. In addition, the postoperative PT 
significantly mediated mid to lower lumbar lordosis in 
postoperative TLS angle which significantly related with 
acute PJK.
Keywords: Reciprocal PT change, Deformity

E12

The Importance of Thoracolumbar Junctional 
Angle in Development of Acute Proximal Junctional 
Kyphosis in Adult Spinal Deformity Surgery

Dae-Woong Ham, Ho-Joong Kim*, Oh-Sang Kwon*

Department of Orthopaedic Surgery, Chung-ang University Hospital, Seoul, 
Korea 
*Department of Orthopaedic Surgery, Seoul National University, Bundang 
Hospital, Seongnam, Korea

Purpose: Changes in the thoracolumbar junctional angle 
(TLA) would play a pivotal role in the reciprocal changes 
following spine realignment surgery, thereby leading to the 
development of proximal junctional kyphosis (PJK). This 
study aimed to investigate the association between TLA 
and the development of acute PJK following adult spinal 
deformity (ASD) surgery.
Materials and Methods: According to the development of acute 
PJK within 6 months after surgery, the patients were divided 
into PJK+ and PJK - groups. The TLA and spinopelvic 
radiologic parameters were compared between the PJK + and 
PJK groups. A multivariate logistic regression model was 
used to identify the risk factors for acute PJK. The receiver 
operating characteristic (ROC) curves of the regression 
models were used to investigate the cut-off values of 
significant parameters needed so that PJK would not occur.
Results: The ΔTLA in the PJK+group was significantly larger 
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than in the PJK- group (-6.6±8.3 and -2.5±9.0, respectively. 
p=0.014). Multivariate logistic regression analysis identified 
that age, postoperative PI-LL, ΔTLA, and postoperative 
thoracolumbar slope (TLS) were significant risk factors for 
acute PJK. The risk of developing PJK was higher when the 
postoperative PI-LL was less than 5.1, the ΔTLA was larger 
than -4.03, and the postoperative TLS was larger than -9.58°.
Conclusions: The present study highlights that extensive 
correction of TLA, and LL should be avoided in ASD 
patients. Overcorrection of TLA >-4.03° could result in 
higher odds of acute PJK.
Keywords: ΔTLA, Deformity

E13

Minimally Invasive Surgery for Degenerative 
Lumbar Pathology an Institutional Experience

Ayush Sharma

Department of Orthopaedic Surgery, Babasaheb Ambedkar Memorial Hospital, 
Mumbai, India

Purpose: Aim of the study was to compare the functional 
outcome of open vs minimally invasive surgery in degenerative 
lumbar pathology.
Material and methods: All patients undergoing surgery for 
degenerative lumbar pathology were prospectively followed 
for one year. VAS (Visual analogue score), ODI (Oswestry 
Disability Index) were used to analyse the functional 
outcome at post-operative period day one, two weeks, One 
month, three months, Six months and one year. Data was 
divided into open and minimally invasive group (MIS) and 
analysed. P-value<0.05 was taken as significant .
Result: 488 patients were included in the final analysis . 164 
were from MIS group and 242 underwent open surgery. 
TLIF was done 142 patents of which 56 (39.4%) underwent 
MIS TLIF .240 patients were operated for discectomy. 104 
(43.3%) were from MIS group and 136 (56.6%) underwent 
open discectomy. While pre-operative mean VAS scores 
were comparable for both the groups. Follow up VAS scores 
were significantly better for MIS group at post-operative day 
one (p=0.001), two weeks (p=0.001), One month (p=0.001), 
three months (p=0.003) and Six months (p=0.023). Similarly, 

ODI scores were also significantly better for MIS group 
at post-operative day one (p=0.004), two weeks (p=0.001) 
and one months (p=0.003). No significant difference was 
found between one year VAS scores between the two 
groups (p=0.145). Similarly, ODI scores were comparable 
between the two groups at three months, Six months and 
one year. Incidence of dural tear was slightly less (14.4%) in 
minimally invasive group compared to open surgery (16.13%) 
without any significant statistical difference (p=0.698). While 
two cases of dual tear from open group required revision 
exploration and re-suturing. No cases of CSF leak during 
MIS procedure required operative revision.
Conclusions: Functional outcome of minimally invasive 
surgery for degenerative lumbar pathology are comparable 
with open surgery with significantly improved VAS scores 
up to 6 months and significantly better ODI scores up to one 
month for the MIS group.
Keywords: MIS, Functional outcome, Complication

E14

Windowing Technique for Decompression and 
Posterior Instrumentation of Thoraco-lumbar Spinal 
Fracture in Neurological Deficit Patients -  
A Periphery Hospital Experience of Nepal

Yogendra Agrahari, Marie Joey Lambaco Agrahari*

Department of Orthopaedic Surgery, Shree Tinau International Hospital, 
Trauma and Spine Surgery, Nepal 
*Department of Orthopaedic Surgery, Access Care Management Consultancy, 
Van Nuys, California, USA

Purpose: Thoraco-lumbar spine fractures are common injuries 
yet one of the most complicated cases to handle, which are 
usually the result of high-energy blunt trauma that can result 
in significant disability, deformity and or neurological deficit, 
out of which 50-60% affects the transitional zone (T11-L2), 
25-40% affects the thoracic spine and 10-14% involves 
the lower lumbar spine and sacrum. The main cause of 
injuries in our country is due to fall from height. It’s always 
challenging in the centers where less facility is available and 
newer techniques always being challenging to perform. We 
aim to study the outcome of neurologically deficit patients 
via. Windowing technique for decompression and posterior 
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instrumentation for stable fixation.
Materials and Methods: The spine trauma patients after 
emergency management i.e., after clinical stabilization were 
screened radiographically and with 3D CT scan reconstruction 
and ASIA scoring was done. The patients’ age more than 
20 years, with unstable burst fractures, fracture dislocation, 
kyphotic deformity, burst fractures with neurological deficits, 
or distraction-rotational injuries with or without neurological 
injury were included in the study while the patients with 
compression fracture, old, aged patients with degenerative 
diseases, and patients with multiple level fractures were 
excluded from the study and were managed conservatively. 
Only 43 patients met the criteria. Decompression by windowing 
technique via. Posterior approach, pedicle screw fixation was 
done, and all the patients were being managed with standard 
post-operative protocols. One month, 3 months, 6month and 1 
year follow –up were done.
Results: All patients were male and most common age group 
was 35-45 years old. 12 out of 43 patients had no complaints 
of pain, 3 months post-operatively. Mean post-operative 
hospital stay was 10.5days. No major complications were 
encountered such as Dura tear, nerve root or blood vessel 
injuries during the surgery. All patients improved clinically 
and started early mobilization except for one patient.
Conclusions: Spine Trauma can also be managed in periphery 
hospitals despite of limited facility. Following the protocol 
and proper technique of instrumentation, decompression 
and correcting the deformity can provide excellent results. It 
will also help the low-income rural area patients with early 
management and with less expensive cost due to less hospital 
stay.
Keywords: Windowing technique, TL Fracture, Stabilization

E15

Surgical Outcome of Radical Decompression of L5 
Nerve Root for Foraminal Stenosis at L5-S

Ajay Kumar Yadav

Department of Orthopaedic Surgery, Tohoku Central Hospital, Yamagata city, 
Japan

Purpose: There is no gold standard for the surgical treatment 
of lumbar foraminal stenosis. Previous studies have shown 

that neurological improvement is achieved by decompression 
surgeries without fusion, however, segmental instability can 
occur postoperatively, requiring additional fusion surgery. 
The authors commonly decompress the L5 nerve root in its 
entire course that consists of combination of 3 procedures: 
unilateral L4-5 fenestration, unilateral removal of pars 
interarticularis, and unilateral L5-S lateral fenestration via 
Wiltse approach. The purpose of this study is to investigate 
the results of our surgical method and to assess its influence 
on the segmental stability at L5-S1.
Materials and Methods: Twenty-nine Patients with Unilateral 
L5 radiculopathy due to foraminal stenosis at the L5-S 
segment who underwent our surgical method between 
September 2013 and August 2014 were enrolled and were 
evaluated prospectively two years after the surgery. Frontal 
and neutral lateral radiographs in the standing position and 
flexion-extension lateral radiographs and magnetic resonance 
image of lumbar spine were obtained preoperatively and at 
two years postoperatively measuring following parameters- 
amount of lateral translation and L5 wedging angle on the 
standing frontal view, amount of sagittal translation and 
lordotic angle on the neutral lateral view, length of motion 
and sagittal rotation angle on flexion-extension lateral view 
and disc height. Japanese Orthopaedic Association (JOA) 
scores, JOA Back Pain Evaluation Questionnaire (JOABPEQ) 
were obtained in all patients preoperatively and at two years 
postoperatively.
Results: There was no significant change in preoperative 
and postoperative imaging parameters. The JOA scores 
significantly improved postoperatively (p<0.01): mean 
preoperative and postoperative JOA scores were 14.3±3.3 
(range: 8 to 21) and 24.1±3.3 (range: 18 to 29), respectively. 
All domains of JOABPEQ improved postoperatively 
(p<0.05). Twenty-seven out of 28 cases (96.4%) did not 
develop postoperative segmental instability. 
Conclusions: Our surgical method at L5-S carries a low 
risk of segmental instability with significant neurological 
improvement which is achieved by decompressing the L5 
nerve root in its entire course by combination of unilateral 
L4-L5 fenestration, removal of pars interarticularis, and 
unilateral L5-S lateral fenestration via Wiltse approach.
Keywords: L5 Radiculopathy, Foraminal stenosis, Unilateral 
removal of pars interarticularis, Unilateral L5-S lateral 
Fenestration, Wiltse approach
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E16

Safety and Effectiveness of Minimally Invasive 
Scoliosis Surgery for Adolescent Idiopathic Scoliosis: 
A Retrospective Case Series of 84 Patients

Yun-Jin Nam, Jae-Hyuk Yang, Mi-Hyun Song,  
Ji-Won Park*, Hong-Jin Kim†, Dong-Gune Chang†,  
Jae-Young Hong*,  Seung-Woo Suh

Department of Orthopaedic Surgery, Korea University Guro Hospital, Seoul, 
Korea  
*Department of Orthopaedic Surgery, Korea University Ansan Hospital,  Ansan, 
Korea 
†Department of Orthopaedic Surgery, Inje University, Sanggye Paik Hospital, 
Seoul, Korea

Purpose: The aim of this study was to retrospectively evaluate 
a prospective series of patients with adolescent idiopathic 
scoliosis (AIS) who were treated with minimally invasive 
scoliosis surgery (MISS) technique with a minimum follow-
up more than 1 year.
Materials and Methods: We retrospectively analyzed the 
prospectively collected data of 84 patients with AIS treated 
with MIS technique using two- or three-coin hole size 
incisions and a muscle-splitting approach. The clinical and 
radiological data such as the correction of deformity, coronal 
and sagittal profile and record of the perioperative morbidity 
of the patients were analyzed.
Results: The mean primary Cobb angle was corrected from 
59.8° preoperatively to 18.6° postoperatively with a mean 
correction of 68.9% (p<0.001). The mean kyphosis at T2 to 
T12 was maintained within normal range with an increase 
from 31.2° preoperatively to 35.3° postoperatively (p < 
0.001). The 30-day perioperative complication rate was 
7.14% with one deep infection and five cases of hemothorax. 
The mean operation time was 312.8 min; mean estimated 
blood loss was 846.6 ml (range 420-2800); and mean length 
of stay was 8.5 days (range 5 to 14). All data of postoperative 
SRS-22 questionnaire were significantly improved (p<0.001).
Conclusions: MISS used for AIS provides adequate 
correction in both planes and acceptable rate of perioperative 
complications, with a low estimated blood loss and short 
length of stay. Considering all the positives, the application 
of MISS technique for AIS seems meaningful and can 
become a valid alternative to posterior approach in the 
routine use.

Keywords: Minimally invasive surgery, AIS, Correction

E17

Pain Relief after Selective Nerve Root Block as a 
Predictor of Postoperative Functional Outcome in 
Patients with Degenerative Lumbar Spinal Stenosis 
Patients Undergoing Decompressive surgery: SNRB 
and Surgical Outcome in DLSS

Sang-Bong Ko, Chung-Mu Jun, Kyung-Tae Kim,  
Seung-Chul Choi, Woo-Kie Min*, Eun-Sok Son†,  
Gun-Woo Lee‡, Hun-Seung Yoo∮, Hee-Chan Kim

Department of Orthopaedic Surgery, Daegu Catholic University Medical Center, 
Daegu, Korea 
*Department of Orthopaedic Surgery, Kyungpook National University, Hospital, 
Daegu, Korea 
†Department of Orthopaedic Surgery, Keimyung University, Dongsan Medical 
Center, Daegu, Korea  
†Department of Orthopaedic Surgery, Yeungnam University, Daegu, Korea  
∮Department of Orthopaedic Surgery, Daegu Fatima Hospital, Daegu, Korea

Purpose: To investigate changes in the degree of lower 
leg radiating pain (LLRP) after selective nerve root block 
(SNRB) and to evaluate associations of this change with 
postoperative improvements in symptom severity, functional 
outcomes, and quality of life.
Materials and Methods: We enrolled 60 patients who underwent 
SNRB followed by decompressive surgery. They were 
divided into three groups. The degree of improvement 
was evaluated as a percentage of the pre-injection values. 
Functional outcomes of the spine were assessed using 
the Oswestry Disability Index (ODI) and Roland–Morris 
Disability Questionnaire (RMDQ). Quality of life was 
assessed using the 36-Item Short Form Survey (SF-36) 
Physical Component Score (PCS) and Mental Component 
Score (MCS). The degree of LLRP was measured 
preoperatively and at 6, 12, and 24 months after surgery. 
These functional outcomes were evaluated preoperatively 
and at 12 and 24 months after surgery.
Results: The improvement in LLRP in the short term (6 
hours after SNRB) was found to be statistically significantly 
associated with the improvement in LLRP at 12 months 
after SNRB (p=0.044, correlation coefficient=0.261). No 
relationship between pain improvement after SNRB and 



Journal of Korean Society of Spine Surgery Specials

www.krspine.org www.krspine.org S95S94

E
-p
o
ste

r

functional outcome was identified.
Conclusions: The degree of improvement in symptoms 6 
hours after SNRB can predict the degree of improvement 
in LLRP at 12 months after surgery. However, symptomatic 
improvement after SNRB does not predict postoperative 
functional outcome or quality of life.
Keywords: Nerve block, Neuralgia, Outcome

E18

Management of Tuberculous Spondylitis with 
Minimal Invasive Surgery Debridement: A Case 
Series

Abdul Kadir Hadar

Fac. of Medicine, Universitas Padjadjaran / Dr.Hasan Sadikin Hospital, 
Indonesia

Purpose: Indonesia is the 2nd most country with high 
incidence of Tuberculosis with the rate of 391 per 100.000 
population. Tuberculous spondylitis accounts for up to 5% 
of tuberculosis (TB) cases and represents about 50% of 
all skeletal manifestation of TB. Open debridement is the 
common procedure for treating tuberculous spondylitis, 
however it is related with more complications and increasing 
risk for more morbidities. Minimal invasive surgery with 
percutaneous transforaminal endoscopy and percutaneous 
transpedicular surgery gaining more popularity because of 
its advantages compared to traditional open surgery. In this 
study, we present 8 cases of tuberculous spondylitis treated 
with minimal invasive surgery debridement.
Materials and Methods: 8 patients with tuberculous spondylitis 
were treated with percutaneous transforaminal endoscopic 
debridement (5) and percutaneous transpedicular 
debridement (3) surgery. Clinical outcomes were evaluated 
based on postoperative complications, length of stay, and 
Visual analogue scale (VAS) during 1st week, 2nd week and 
4th week post operatively.
Results: There were no major complications were found in 
the period of 4 weeks, post-operative anemia (1), wound 
dehiscence (0) and there was no surgical site infection. Mean 
length of stay of 8 patients were 2.8±0.7 days, The mean 
VAS during 1st week was 2.2±0.1, 1.5±1.2 during the 2nd 

week, and 0.4±0.6 during the 4th week.
Conclusions: Minimal invasive surgery for tuberculous 
spondylitis with percutaneous transforaminal endoscopic 
debridement and percutaneous transpedicular debridement 
showed a good clinical outcome on short-term follow up 
and could be an alternative management for tuberculous 
spondylitis.
Keywords: TB, MISS

E19

Mechanical Stability and Clinical Outcome 
Following Posterior Cervical Fusion Surgery Using 
C3-6 Lateral Mass Screw Fixation: En Block Screw 
Fixation versus Regional Screw Fixation

Sang-Yun Seok, Dong-Ho Lee*

Department of Orthopaedic Surgery, Daejeon Eulji University Hospital, Daejeon, 
Korea 
*Department of Orthopaedic Surgery, Asan Medical Center, Seoul, Korea

Purpose: Although lateral mass screws eliminate the risk of 
vertebral artery injury at levels C3 to C6, they are shorter and 
have weaker purchase power than a pedicle screw, thereby 
posing the risk of mechanical failure in long-level posterior 
cervical laminectomy and fusion (PCF). The purpose of 
the present study is to demonstrate that minimizing the 
fusion level in case of long level fusion > 3 may can cause 
mechanical failure such as metal failure and nonunion, since 
the En bloc fusion of C2-7 plays important role in cervical 
stability.
Materials and Methods: We included 89 patients who underwent 
PCF for cervical myelopathy with multi-segmental lesion 
(>=3 levels). Patients who underwent PCF including C2 and 
C7 classified as En bloc fusion group (EBF group, N= 58) 
while patients who underwent PCF not including C2 and C7 
were included regional fusion group (RF group, N=31). The 
incidences of mechanical failure (metal failure, non-union) 
and adjacent segment degeneration (ASD) were evaluated as 
fusion-related complications. For clinical outcomes, range 
of motion (ROM), a visual analogue scale (VAS) for neck 
pain, and the Neck Disability Index (NDI) were analyzed 
preoperatively and at final follow up.
Results: Sixteen (48.4%) patients in the RF group experienced 
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various complications, namely, screw breakage (3 patients, 
[9.7%]), screw loosening (5 patients, [16.1%]), nonunion (7 
patients, [22.6%]), and ASD (1 patient, [3.2%]). In the EBF 
group, 4 patients with screw failure (6.9%), 3 with nonunion 
(5.2%), and 3 with ASD (5.2%), and were reported. The 
fusion rate was significantly higher, and the screw failure rate 
was significantly lower in the EBF group than those in the 
RF group (p=0.03, 0.04, respectively). Although the ROM 
was significantly higher in the RF group (p<0.01), clinical 
scores did not significantly differ between both groups.
Conclusions: This study demonstrates that EBF can lower the 
rate of mechanical failure as well as similar clinical outcomes 
compared to RF. Therefore, to minimize mechanical failure, 
extending the fusion level to C2 and C7 could be considered, 
rather than stopping at C3 or C6.
Keywords: Posterior fusion, Mechanical failure, Nonunion

E20

Directly Reprogrammed Human Neural Progenitor 
Cells Promote Functional Recovery after Cervical 
Spinal Cord Injury

Kazuya Yokota

Department of Orthopaedic Surgery, Japan Labor Health and Welfare 
Organization Spinal Injuries Center, Japan

Purpose: Stem cell therapy is a viable option to alleviate the 
devastating outcome of traumatic spinal cord injury and to 
reverse the neurological impairment brought about by the 
condition, but its translation into clinical use is hindered by 
limited availability, immunologic complications, and ethical 
concerns.
Materials and Methods: We established directly reprogrammed 
neural progenitor cells (drNPCs) from human somatic cells that 
demonstrate the potential to differentiate into the three neural 
lineages oligodendrocytes, neurons, and astrocytes.
Results: Transplanted drNPCs into the injured spinal cord of 
immunodeficient rats integrated with disrupted host neural 
networks, remyelinated denuded axons, and brought about 
significant functional recovery. Detailed evaluation including 
electrophysiology and electronic microscopy demonstrated 
the functional benefits of drNPC transplantation.

Conclusion: We demonstrated that drNPC transplantation 
could be a novel promising treatment option to restore 
the connectivity of injured neural networks and improve 
functional recovery from spinal cord injury.
Keywords: Spinal cord injury, Transplantation, Remyelination

E21

Progressive Paraplegia Due to Pneumorachis after 
Epidural Block

Young-Bae Kim, Kyu-Bok Kang, Jung-Taek Im,   
Yeong-Yoon Koh

Department of Orthopaedic Surgery, Veterans Health Service Medical Center, 
Seoul, Korea

Purpose: Symptomatic pneumorachis is a relatively rare 
phenomenon in which air enters the spinal canal and causes 
neurological symptoms. It can also occur after epidural block, 
and in most cases, conservative treatment is recommended. 
We report a case of progressive paraplegia after the upper 
thoracic epidural block and the result of surgical treatment.
Materials and Methods: An 89-year-old male patient presented 
to the emergency room with a complaint of bilateral lower 
extremity paralysis. The patient had undergone an epidural 
block between T1-2 at another hospital 12 hours ago. There 
had been no neurological symptoms at the time of the 
procedure, but the paralysis gradually progressed over 6 
hours. Upon arrival, he showed complete paralysis of motor 
and sensory below T4 level, and the bulbocavernous reflex 
was positive. The CT findings of the cervical spine showed 
the free air from C2 to T5 was compressing the spinal cord, 
and air shadows in the paravertebral muscle.
Results: Laminectomy was performed in C3 to T2. After 
surgery, no sign of recovery from quadriplegia was shown 
and respiratory failure occurred consecutively.
Conclusions: Symptomatic pneumorachis is not always a 
benign condition. Surgeons should pay attention to avoid 
developing neurological injury when performing the epidural 
blocks.
Keywords: Pneumorachis, Paraplegia, Decompression, 
Laminectomy
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E22

Treatment Option for Unilateral Cervical Facet 
Fracture with Radiculopathy

Ji-Hoon Shin, Bo-Gun Suh, Jae-Hyung Eoh, Hyo-Sae Ahn

Department of Orthopaedic Surgery, Pohang Semyeong Christianity hospital, 
Pohang, Korea

Purpose: Unilateral cervical facet fracture is not an uncommon 
cervical injury. However, reports focused on surgical 
treatment of unilateral cervical facet fracture presenting 
with radiculopathy are still lacking. We aimed to introduce 
whether the existing techniques can be applied to that injury.
Materials and Methods: We report three patients with neck 
pain and radiculopathy in the unilateral upper extremity 
after a collision injury while driving. In all three cases, the 
alignment was maintained well on simple x-ray, but lower 
cervical unilateral facet fracture was observed on CT and 
MRI. There was no damage to the disc and adjacent ligament, 
but foraminal stenosis was induced by the displaced facet 
fragment, causing severe radiculopathy. In order to resolve 
the accompanying neurological symptoms, different surgical 
treatment methods were performed depending on the degree 
of damage.
Results: In case I, the structure was in a relatively stable 
state with no damage to the adjacent structures, but C7 
foraminal stenosis was induced by a 9mm size displaced C7 
facet fragment. Because the fracture pattern was relatively 
stable, we only performed fragment removal after posterior 
foraminotomy. In case II, foraminal stenosis due to C7 
unilateral facet fracture occurred, and the fracture line 
extended to the lamina, indicating potential instability. 
Anterior cervical discectomy and fusion were performed 
for stabilization of the fracture site, and uncinate resection 
was performed for foramen decompression. In case III, 
unilateral C7 floating lateral mass, a displaced facet 
fragment was embedded with a neural foramen. In a state 
where the stabilization of the fracture site and the removal 
of deeply embedded fragments were required at the same 
time, posterior stabilization and removal of the fragments 
were performed at the same time. In all three cases, the 
neurological symptoms improved after surgery, and there was 
no recurrence of symptoms and instability on the radiograph.

Conclusions: For surgical treatment of unilateral cervical 
facet fracture with fragment-induced radiculopathy, the 
existing techniques can be applied variously depending on 
the severity of the injury.
Keywords: Unilateral cervical facet fracture, Radiculopathy

E23

Bone Bridge Effect (BBE) in the Treatment of Acute 
Osteoporotic Compression Fracture

Ja-Yeong Yoon, Byung-Ho Lee*, Seong-Hwan Moon*, 
Hak-Sun Kim*, Kyung-Soo Suk*, Ji-Won Kwon*

Department of Orthopaedic Surgery, Sun General Hospital, Yonsei University, , 
Seoul, Korea 
*Department of Orthopaedic Surgery, Yonsei University, College of Medicine, 
Seoul, Korea

Purpose: Recently, the role of osteoporosis medication has 
emerged as a treatment for acute osteoporotic compression 
fracture (AOCF). So, Anabolic agent (teriparatide (TP) 
and romosozumab(RSZ)) are becoming more important. 
In follow-up, we observed the bone bridge effect (BBE) 
with only osteoporosis medication without surgery and 
procedures. BBE is finding that fuses with the adjacent 
vertebra by bone formation at the anterior margin of the 
fractured level. This retrospective study hypothesized that 
anabolic agents are more likely to occur BBE than anti-
resorptives and compared the effects of each different 
treatment groups.
Materials and Methods: From March 2013 to December 2020, 
264 patients who were diagnosed AOCF and taken only 
medication and who could be followed-up for 12 months 
were enrolled. They were divided into four groups depending 
on each medication. The first group (n=84) was prescribed 
only denosumab (DS). In the second group (n=56), TP 
and DS were used in combination (average 4.23 months), 
and DS was maintained for the rest period. The third 
group (n=48) was taken the RSZ during first 6 months and 
switched to DS. And the fourth group (n=76) was received 
only bisphosphonate (BP). The presence of BBE and the 
difference in cobb angle (CA), local cobb angle (LCA), 
and vertebral height (VH) were measured through Xrays 
taken for one year follow-up after fracture in each group. 
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In addition, various dermographics were investigated by 
dividing the group with and without BBE.
Results: BBE was observed the most was 56.3% (27/48) 
and 51.8% (56/29) in the RSZ and TP combination (TPc), 
followed by the DS (28.6% 84/24) and BP (21 %, 76/16). 
Statistically, BBE occurred more significantly in TPc and 
RSZ than in DS and BP, and no significant difference was 
observed about BBE between TPc and RSZ. And DS and BP 
too. BMD increase was significantly higher in TPc than RSZ, 
DS, and BP. There was no significancy in the CA, LCA, VH. 
When the groups with BBE (n=96) and without BBE (n=168) 
were analyzed, BBE occurred more frequently in the group 
with lower BMD, in the group with high initial CA and LCA, 
and lower VH.
Conclusions: BBE was higher in the anabolic agent, with low 
BMD or more collapsed fracture. In addition, TPc can have 
almost the same effect of RSZ.
Keywords: Osteoporosis, Combintation, Teriparatide, 
Romosozumab, Fracture

E24

Preoperative Dehydration and Hyponatremia Were 
Associated with Postoperative Complications in 
Thoracolumbar Surgery for Degenerative Diseases

Sang-Il Kim, Young-Hoon Kim, Won-Jun Ha

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

Purpose: Preoperative patient optimization is important to 
obtain better surgical outcomes. Preoperative sodium level 
and hydration status were reported as potential associated 
factors for postoperative complications in other surgical 
departments. The purpose of this study was to investigate the 
relationship of preoperative hyponatremia and dehydration 
with 30-day postoperative complications following lumbar 
fusion surgery
Materials and Methods: We retrospectively reviewed medical 
records of patients who underwent elective lumbar fusion 
surgery for degenerative diseases between January 2019 
and December 2020 in a single institute. Exclusion criteria 
eliminated patients who underwent any emergent procedures, 
tumor, or infection surgeries. Hyponatremia was defined as 

serum sodium level below 136 mEq/L. Dehydration was 
defined as blood urea nitrogen/creatinine (BUN/Cr) ratio 
greater than 25. Postoperative 30-day complications were 
investigated, and multivariate regression analysis was used to 
find risk factors of these complications.
Results: Of 200 patients, 7% were hyponatremic and 30% 
were dehydrated. 5% experienced postoperative major 
medical complications and 4.5% experienced surgical site 
infection. Also fever over 38 and delirium developed in 63% 
and 7.5%, respectively. Postoperative fever was associated 
with fusion level and preoperative dehydration. Delirium 
was associated with preoperative hyponatremia and age. 
And preoperative hyponatremia was a risk factor for medical 
complications as well as surgical site infection. Also, the 
first ambulatory day after surgery was later in patients with 
hyponatremia.
Conclusions: Preoperative hyponatremia was associated 
with delirium, postoperative major medical complications 
as well as surgical site infection. Preoperative dehydration 
was associated with postoperative fever. Preoperative 
optimization is needed to reduce postoperative complications.
Keywords: Preoperative, Hyponatremia, Dehydration, 
Complication, Risk Factor

E25

Characteristics of Patients Undergoing Revision 
Surgery for Proximal Junctional Failure after Adult 
Spinal Deformity Surgery: Re-validation of Hart-
ISSG Proximal Junctional Kyphosis Severity Scale 
(PJKSS)

Jin-Sung Park, Se-Jun Park, Chung-Youb Jeon,  
Chang-Hyun Ma, Tae-Soo Shin

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

Purpose: Proximal junctional kyphosis severity scale 
(PJKSS) has been validated showing good correlations with 
likelihood for revision surgery for proximal junctional failure 
(PJF) after surgical treatment of adult spinal deformity 
(ASD). However, if the patient has progressive neurological 
deterioration, the revision surgery should be considered 
regardless of the severity based on PJKSS scores. This study 
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aims to re-validate PJKSS system to assess the predictability 
of revision surgery for PJF among neurologically intact 
patients after surgical treatment of ASD. 
Material and Methods: Retrospective study was performed. 
Among 360 patients who underwent more than four-segment 
fusion including sacrum, 83 patients who developed PJF 
without acute neurologic deficit were included. There 
were 30 patients undergoing revision surgery (R group) 
and 53 patients without revision surgery (NR group). All 
components of PJKSS and variables other than PJKSS 
components were compared between two groups. Cutoff 
values of PJKSS score to perform revision surgery was 
calculated under receiver operating characteristic (ROC) 
curve. Multivariate analyses using logistic regression were 
performed to identify which variables were most predictive 
for revision surgery.
Results: The mean age at the time of index surgery was 69.4 
years and mean fusion length was 6.1. There were significant 
differences between the two groups in all components of 
PJKSS such as focal pain, instrumentation problem, change 
in kyphosis, uppermost instrumented vertebra (UIV) / 
UIV+1 fracture, and level of UIV. The average total sum was 
significantly greater in R group than in NR group (6.0 vs. 3.9, 
p<0.001). The cutoff value was calculated as 4.5 where the 
sensitivity was 70% and specificity was 69.8%. There were 
no significant differences in variables other than PJKSS in 
terms of patients’, surgical, and radiographic factors. Three 
factors were significant on multivariate analysis such as 
instrumentation problem [OR (Odds ratio): 8.160, p=0.004], 
Change in kyphosis (OR: 4.809, p=0.026) and UIV/UIV+1 
fracture (OR: 6.462, p=0.002)
Conclusions: The PJKSS positively predicts the need of 
revision surgery in patients with PJF who are neurologically 
intact. The cutoff value of PJKSS scores to promote revision 
surgery was calculated as 4.5 with sensitivity and specificity 
of 70%. The most responsible factors for revision surgery 
were bony failure with >20° focal kyphotic deformity. 
Therefore, early surgical intervention should be considered 
for these patients even in the absence of neurologic deficit.
Keywords: Proximal junctional failure, Proximal junctional 
kyphosis severity scale, Revalidation, Revision surgery, 
Adult spinal deformity

E26

Predictive Outcome in Patients with Cervical 
Myelopathy Undergoing Open-Door Laminoplasty in 
Developing Country Performed by Single Surgeon at 
Single Centre

Adam Moeljono, Arya Widyatama*, Jonathan Jonathan*

Orthopedic Spine Surgeon at Department of Orthopaedic Surgery, Academic 
Hospital, Gadjah Mada University, Yogyakarta, Indonesia 
*Research Assistant at Department of Orthopaedic Surgery, Academic Hospital, 
Gadjah Mada University, Yogyakarta, Indonesia, Indonesia

Purpose: Degenerative Cervical Myelopathy is the most 
common cause of spinal cord dysfunction in adult patients. 
This will lead to morbidity and neurologic impairment 
that caused by narrowing of the spinal canal. Patient 
will experience neurological symptoms such as pain and 
numbness in extremities, poor coordination, imbalance, and 
bladder problems. The purpose of this study is to analyze 
prognostic factors influencing outcome in laminoplasty for 
Cervical Myelopathy based on experience of single surgeon 
at single health center.
Materials and Methods: In this study, we use Patient Reported-
Modified Japanese Orthopaedic Association (mJOA) Scale 
retrospectively to determine the surgical outcomes of 15 
Patients who underwent open-door laminoplasty using 
Waston’s Neulen Plate in Academic Hospital of Gadjah 
Mada University between 2018 until 2021 by single 
surgeon. Several parameters were assessed namely, BMI, 
age, duration of symptoms before surgery in months and 
complication rate of the patients. The patients will be divided 
into good, sufficient, and poor clinical outcome groups 
based on the improvement of mJOA score. Poor outcome is 
assigned for improvement of 0–1-point, sufficient outcome 
for 2-point improvement and good outcome for improvement 
of ≥3 points. paired T-Test was used to analyze the difference 
of pre-operative and post-operative score, while Spearman 
test was used for correlations.
Results: The mean of age, pre-operative score, duration of 
symptoms in months and postoperative score is 59.3333(±5.294), 
11.133(±1.72), 39.8667(±14.524), 13.733(±1.62) respectively. 
We found that mJOA score improves significantly after surgery 
(p=0.001). Complication occurred in 1 patient (6.7%). However, 
the only significant factor that we found is pre-operative 
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mJOA score (p=0.005). The limitation of the study is small 
sample size.
Conclusions: Despites the surgery is performed correctly 
according to low complication rate and significant 
improvement of mJOA score, in our study we found that 
poor outcomes correlated with initial severity of the cervical 
myelopathy, indicating patients usually found in severe 
conditions. This study shall act as preliminary study to 
encourage further research regarding the cause of the delayed 
operations in developing country.
Keywords: Cervical myelopathy, Laminoplasty, Surgical 
Outcome, Developing country

E28

Preoperative Transverse Area of Spinal Cord 
Compression using Quantitative Magnetic Resonance 
Imaging in Surgically Treated Cervical Spondylotic 
Myelopathy: A Descriptive Study

Jon Christian Sanga Manuntag, Tangente Ronald,  
Reyes Ma. Ramona

Department of Orthopaedic Surgery, Davao Doctors Hospital, Philippines

Purpose: The purpose of the study is to determine the association 
of MRI transverse spinal cord area in cervical spondylotic 
myelopathy (CSM) cohorts who were surgically managed in a 
tertiary hospital.
Materials and Methods: This is a retrospective study that 
included all surgically managed CSM patients admitted in 
the Davao Doctors Hospital from January 2012 to December 
2018. A total of 30 patients included in the study. Transverse 
area (TA) and other auxiliary parameters such as compression 
ratio (CR), and anterior-posterior canal diameter (AP) were 
measured and evaluated by blinded radiologists.
Results: The TA range is 15.65-62.7 mm2. The mean is 34.58 
mm2 and the median is 34 mm2. The standard deviation 
is 10.69 and the confidence interval is 3.89. The range is 
wide, but the maximum diameter agrees with the study of 
Kadanka, et al. that a TA< 70 mm may be the threshold for 
symptoms. The mean was much lower than those of the other 
Asian samples in the study of Okada, et al. The CR range is 
from 0.1-0.725. The mean is 0.39 with a standard deviation 

of 0.11. The median is 0.375. The confidence interval is 
0.04. It is the most precise and reliable of the three MRI 
parameters collected and hence is most promising for future 
prospective research. The AP range is 1.75-7.3 mm. The 
mean and median were 5.22 mm and 5.05 mm, respectively. 
The standard deviation is 1.3 and the 95% CI was 0.47. The 
standard deviation and confidence interval are both small 
which mean that the values are homogenous.
Conclusions: The study showed potential association of TA, 
CR, and AP diameter in CSM patients who were primarily 
managed surgically. These measurements are however 
not fully utilized in decision making because of issues of 
standardization and reproducibility. Prospective analysis can 
still strengthen their correlation to symptoms and increase its 
significance in surgical decision-making.
Keywords: Cervical spondylotic myelopathy, Transverse area, 
Compression ratio, Anteroposterior canal diameter, MRI

E29

Correlation Between MRI Canal Dimensions and 
Clinical Severity in Lumbar Canal Stenosis- A Cross 
Sectional Study

Janardhana P. Aithala

Department of Orthopaedic Surgery, Yenepoya Medical College, Mangalore, 
India

Purpose: Surgical management of lumbar canal stenosis 
needs planning and localization of symptomatic levels. MRI 
findings help to identify pain source and pathoanatomical 
changes leading to stenosis. Many studies have correlated 
clinical severity with MRI measurements of AP and 
transverse diameter in patients with lumbar canal stenosis 
but were inconclusive. Recently, there has been interest in 
correlating cross-sectional area with clinical severity, but 
only limited data is available. In view of this lacunae, this 
study was conducted to correlate AP diameter, transverse 
diameter, and cross-sectional area of the lumbar spine in the 
axial image at the stenotic area with the clinical severity of 
lumbar canal stenosis.
Materials and Methods: Patients with lumbar canal stenosis 
diagnosed using clinical criteria were included in the study 
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and subjected to MRI examination of lumbar spine. Clinical 
severity was assessed using VAS, ODI, neurological status, 
six-minute walk test and thread mill walking test. From the 
axial images at stenotic level, AP diameter available for 
dura, transverse diameter available for dura, cross sectional 
area available for dura and percentage of canal compromise 
were measured on PACS using standard criteria. Correlation 
between clinical severity and dimensions in MRI of lumbar 
canal patients is evaluated by using Pearson correlation 
coefficient and ANOVA test.
Results: This study included 19 patients with mean age of 
53.9 (25 to 74) years, 12 (63.1%) were males and 7 (36.8%) 
were females. Mean VAS score was 7.06, ODI score was 
58.11, mean 6-minute walk test distance was 48.89 meters 
and mean thread mill walking test time was 1.64 minutes. 
Among the clinical parameters, VAS and ODI correlated 
well with 6-minute walk test, thread mill walk test (p value 
0.001 and 0.005, 0.001 and 0.001 respectively). VAS and 
ODI showed significant correlation with cross sectional area 
measured in MRI (p-value 0.015 and 0.043 respectively) 
compared to AP and transverse diameter (p-value 0.190, 0.267 
and 0.773, 0.894).
Conclusions: This study concludes that circumferential cross-
sectional area available for spinal cord can better predict the 
clinical severity compared to transverse and AP diameter.
Keywords: Lumbar spine, Stenosis, Degenerative disc 
disease, MRI.

E30

Intraoperative Finding and Management of Complete 
Spinal Cord Transection after Thoracolumbar 
Traumatic Fracture-dislocation

Da-Sol Lim, Dong-Ju Lim

Department of Orthopaedic Surgery, Inje University, Seoul Spine Institute, 
Sanggye-paik Hospital, Seoul, Korea

Purpose: We report the first case of the management of spinal 
cord transection due to thoracolumbar fracture-dislocation 
in human beings. There are several case reports of cord 
transection, but only radiological findings have been reported; 
we report intraoperative findings and management.

Materials and Methods: A 53-year-old man presented to the 
hospital after falling. He had no motor power or sensation 
below T10 (below the umbilicus area) dermatome level. 
American Spinal Injury Association (ASIA) impairment scale 
was grade A. Magnetic resonance imaging and computed 
tomography demonstrated a fracture and translation of 
the vertebral body at the T11-T12 level and anterior 
displacement of T11 on T12, with complete disruption of 
the spinal cord. The diagnosis was complete transection of 
the spinal cord and T11-T12 fracture-dislocation. During 
surgery, pedicle screws were inserted first, and then fracture 
reduction was performed at the site where the rod was 
implanted, and decompression performed. After permanent 
rod insertion, spinal alignment reduction was completed by 
the compression maneuver. The operator retracted both ends 
of the dural sac but did not pull. The size of the defect was 
about 4 cm in the microscopic field. We decided to perform 
suture because of the risk of cerebrospinal fluid (CSF) 
leakage expected during the patient’s early rehabilitation 
and daily life activity. After irregular margins of the thecal 
sac were debrided, both ends of the spinal cord were sutured 
with prolene to avoid CSF leakage. Fibrin glue was applied, 
and CSF leakage was checked by the Valsalva maneuver 
test before closure. On the first day post-operation, hemovac 
applied full negative pressure; after that, half negative 
pressure was applied. CSF leakage was not detected. One 
week after the operation, the patient began to sit with a 
thoraco-lumbar-sacral orthosis (TLSO). Rehabilitation 
started two weeks after surgery.
Results: We performed spinal fusion with pedicle screw 
instrumentation (T10-L1) and autobone graft and 
decompression and repaired the dural sac to prevent 
cerebrospinal fluid leakage. There was no neurological 
recovery either immediately or 4 years post-operation at 
follow-up.
Conclusions: To the best of our knowledge, this report is the 
first on the intraoperative finding and management of the 
complete transection of the spinal cord in thoracolumbar spine 
injury. Perfect fusion is required to facilitate rehabilitation and 
daily living, prevent neurogenesis, and prevent unnecessary 
pain such as phantom pain. Surgical treatment is performed to 
avoid pseudomeningocele, CSF leakage, and infection.
Keywords: Case report, Complete paraplegia, Management 
of spinal cord, Spinal cord complete transaction, Traumatic 
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E31

Pelvic Obliquity Flexibility Assessment to Estimate 
Surgical Outcomes in Patients Who Have Flaccid 
Neuromuscular Scoliosis

Hwan-Seong Park, Bong-Soon Chang, Hyoung-Min Kim, 
Sam-Yeol Chang, Hee-Jung Son

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

Purpose: To investigate the impact of patient position on the 
magnitude of pelvic obliquity (PO) measurements in relation 
to the change of position on flaccid neuromuscular scoliosis 
(fNMS) and find association between flexibility of PO and 
postoperative PO correction.
Materials and Methods: We reviewed the cases of 43 patients’ 
radiographs with fNMS who underwent deformity correction 
that extends to pelvis from October 2011 to March 2021 
and postoperatively followed for an average of 5 years. 
Preoperative radiographic data included for PO using 
Maloney method, L5 tilt, Cobb angle, T1-S1 length, CSVL 
on supine, supine traction and sitting posture. They were 
evaluated once again postoperatively, and last follow-up on 
sitting posture. Intraoperative data included number of levels 
instrumented, EBL, and operative time, transfusion, fixation 
device corporation and iliac fixation methods. 
Results: Statistically significant difference between 
the preoperative sitting and supine PO (13.6±6.7° SD, 
p<0.01), traction PO (17.7±7.3° SD, p<0.01) respectively 
were identified. The comparison of the postoperative and 
preoperative sitting PO demonstrated a statistically significant 
mean difference (-19.1±9.4° SD, p<0.001). Statistically 
significant and moderate correlation was observed between 
the difference in preoperative sitting minus traction PO and 
postoperative minus preoperative sitting PO (r=0.753). There 
was statistically significant correlation between preoperative 
traction PO flexibility rate and postoperative PO correction 
rate (r=0.403, p=0.007).
Conclusions: Statistically significant differences in the 
PO angle measurements were identified between plain 

radiographs of the whole spine with the patient in the 
sitting position compared to, supine, and supine traction 
positions. In patients with fNMS, we found a positive 
correlation between the PO flexibility in traction position and 
postoperative PO correction rate. The greater the flexibility in 
PO between the sitting and traction position before surgery, 
the more PO can be corrected after surgery.
Keywords: Neuromuscular scoliosis, Pelvic obliquity, Coronal 
balance

E32

Comparison of C5 Palsy Rate in Cervical Spine 
Surgery (Posterior only and Posterior-anterior-
posterior Surgery)

Mahmoud Hussein Abdou, Byung-Ho Lee*,  
Seong-Hwan Moon*, Hak-Sun Kim*, Kyung-Soo Suk*,  
Ji-Won Kwon*, Ja-Yeong Yoon†

Department of Orthopaedic Surgery, Yonsei University, Egypt 
*Department of Orthopaedic Surgery, Yonsei University, Seoul, Korea 
†Department of Orthopaedic Surgery, Yonsei University; Sun General Hospital, 
Seoul, Korea

Purpose: C5 palsy is a known complication of cervical 
decompressive surgeries. There is no general agreement 
about the cause of it, but we noticed the lowest incidence 
occurred with foraminotomy groups with the use of cervical 
pedicle screws.
Material and Methods: From April 2014 to January 2021 
,362 patients with cervical myelopathy were operated in 
our institute and followed for one year. The first group 
n=208 (posterior-anterior-posterior surgery with lateral mass 
screws and uncovertebrectomy). The second group n=72 
(posterior-anterior-posterior surgery with pedicle screws and 
foraminotomy). The third group n=82 (only posterior surgery 
with pedicle screws and foraminotomy) Incidence of C5 
palsy, recovery rate, cervical lordosis measures, NDI, JOA 
in addition to demographics were assessed in each group for 
one year follow up.
Results: There was significant reduction in C5 palsy rate 
with foraminotomy. It was 9.6 % in group 1, 4.2% in group 
2, 0% in group 3 (p=0.007). The best correction of lordosis 
was with combined pedicle approach (p<0.001). JOA 
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significantly better with posterior only group (p<0.001).
Conclusions: More lordosis correction can cause more C5 
palsy due to more posterior cord shifting but the preventive 
extensive foraminotomy can decrease the incidence of c5 
palsy with the use of pedicle screws.
Keywords: C5 palsy, Pedicle screws, Foraminotomy

E33

Experimental and Numerical Studies for Optimal 
Design Pedicle Screw

Chan-Hee Song, Chi-Seung Lee*, Byung-Wan Choi†

Department of Biomedical Engineering, Graduate School, Busan National 
University, Busan, Korea 
*Department of Convergence Medicine and Biomedical Engineering, School of 
Medicine, Busan National University, Busan, Korea 
†Department of Orthopaedic Surgery, Haeundae Paik Hospital, Inje University, 
Busan, Korea

Purpose: The fixation ability of the pedicle screw is a very 
important factor in the success of surgery for patient with 
spinal diseases. Despite the excellent fixation between the 
pedicle screw and the bone immediately after surgery, it 
may cause problems such as loosening or pulling out due to 
erosion around the insertion region of the pedicle screw by 
body motions or low bone density of cancellous bone. To 
solve this problem, the optimal design of the pedicle screw 
considering the patient’s bone density and pull-out force is 
required.
Materials and Methods: Nine types of peicle screw (S1-9) with 
the different diameters and conical angles were designed, and 
pull-out test was conducted. The material of pedicle screw 
was used Ti6Al4V and artificial bones were fabricated into 
normal and osteoporotic bones. The mechanical test of spinal 
implant constructs was performed for verifying the safety 
of derived optimal pedicle screw design. The static tests 
and dynamic test were performed. The safety was verified 
by comparing the test results with similar pedicle screw 
from global implant companies. Pull-out simulation method 
using XFEM was developed to efficiency of derivation of 
the optimal pedicle screw design and to investigate the pull-
out mechanism. The effect on the pull-out speed was also 
investigated using Johnson-Cook model at cancellous bone. 
The simulation results were compared with the pull-out test 

results to investigate the effectiveness.
Results: The S5 pedicle screw with a core diameter of 4.1mm 
and a conical angel of 8.58 Deg. was optimally selected for 
both normal and osteoporotic bones by pull-out test. The 
safety of S5 pedicle screw was verified by mechanical test 
of spinal implant constructs as it showed excellent results in 
both static and dynamic loads in comparison with pedicle 
screws from global implant companies. The results of pull-
out simulation using XFEM showed an error of up to 5% 
compare with results of pull-out test. The pull-out simulation 
method was verified by this. The behavior of pull-out 
according to the pull-out speed was also investigated.
Conclusions: An optimal pedicle screw design was derived, 
and safety of derived pedicle screw was verified. The pull-
out simulation method using XFEM for deriving an effective 
pedicle screw design was also developed. Various pedicle 
screw design will be conducted in the future, and the crack 
propagation and the pull-out speed will be investigated in 
detail.
Keywords: Pedicle screw, Bone density, Pull-out test, Mechanical 
test of spinal implant constructs, Extended finite element method 
(XFEM)

E34

Relationship Between Degree of Separation of 
Endplate Cartilage and Severity of Intervertebral 
Disc Herniation

Yun-Jin Nam, Jae-Hyuk Yang, Ji-Won Park*,  
Hong-Jin Kim†, Dong-Gune Chang, Jae-Young Hong*, 
Seung-Woo Suh

Department of Orthopaedic Surgery, Korea University Guro Hospital, Seoul, 
Korea 
*Department of Orthopaedic Surgery, Korea University Ansan Hospital, Ansan, 
Korea 
†Department of Orthopaedic Surgery, Inje University, Sanggye Paik Hospital, 
Seoul, Korea

Purpose: Degeneration of intervertebral disc and fissures in 
the anulus was caused by compression and distraction, which 
lead to nucleus pulposus herniation. However, controversy 
remains regarding the exact mechanism behind disc 
herniation. The aim of this study is to analyze histologically 
the differences between the three types of discs herniations in 
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an attempt to infer the underlying mechanism.
Materials and Methods: Disc samples extracted from 49 
patients who underwent discectomy of the lumbar region 
were studied by histological analysis. The severity of disc 
herniation was classified as bulging, protrusion, extrusion, 
or sequestration based on preoperative magnetic resonance 
imaging measurements. For comparative analysis of 
sequestration characteristics, 49 patients were classified into 
either the sequestration or the non-sequestration group (i.e., 
protrusion and extrusion) according to disc herniation type.
Results: Forty of the 49 patients had cartilage present in 
their disc samples upon histological analysis. The endplate 
cartilage-containing samples included two of four (50%) 
protruded disc patients, 22 of 29 (75.9%) extruded disc 
patients, and 16 of 16 (100%) sequestrated disc patients 
and had statistical significance (p=0.019). There were no 
significant differences in age, sex, body mass index, length 
of hospital stays, injection history, surgical methods, and 
Visual Analog Scale between the sequestration and non-
sequestration group (all p>0.05).
Conclusions: Separation of endplate cartilage increased with 
the severity of disc herniation. Therefore, the mechanism of 
disc herniation should consider the connection with endplate 
cartilage as an initiating link in the mechanical failure of 
intervertebral discs.
Keywords: Cartilages, Disc degeneration, Histology, 
Intervertebral disc
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Full Endoscopic Posterior Cervical Foraminotomy 
in Management of Foraminal Disc Herniation and 
Foraminal Stenosis

Asrafi Rizki Gatam

Department of Orthopaedic Surgery, Fatmawati General Hospital, Indonesia

Purpose: Evaluate the result of full endoscopic posterior 
cervical foraminotomy
Materials and Methods: This is a prospective single arm study 
of 65 foraminal disc heniation and foraminal stenosis patients 
that underwent full endoscopic posterior foraminotomy 
procedures. All patients were routinely observed for 

12-months duration to evaluate VAS of the neck, arm and 
modified Macnab criteria.
Results: Arm pain VAS decreased significantly compared with 
pre operation, even though some patients had hypesthesia 
on follow up. There was no neck pain observed for 1 year 
follow up and modified Macnab criteria showed good 
outcome following full endoscopic posterior foraminotomy.
Conclusions: Full endoscopic posterior foraminotomy 
provides good nerve decompression with all the benefit of 
endoscopic spine procedure. Randomized control study is 
needed to further evaluate the outcome of full endoscopic 
posterior foraminotomy.
Keywords: Cervical posterior foraminotomy

E36

The Clinical Outcomes of Surgical Treatment of 
Infectious Spondylitis

Sung-Woo Choi, Chi-Young An, Seung Lim Baek*,  
Jae-Chul Lee, Hae-Dong Jang*, Byung-Joon Shin

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

Purpose: Surgery is one of the treatment methods of pyogenic 
spondylitis. There are debates within the literature with 
regard to the approach for surgical procedure. This study 
aimed to investigate the clinical outcomes between anterior 
approach and posterior only approach for thoraco-lumbar 
pyogenic spondylitis. 
Materials and Methods: Between 2010 and 2021, 258 patients 
who were diagnosed with pyogenic spondylitis and treated in 
multidisciplinary team care were included. 94 patients who 
were lost follow-up (less than 1 year) or had conservative 
treatment only or cervical spine infection or tuberculous/
fungal spondylitis were excluded. Anterior approach with 
or without posterior procedure (Anterior group) versus 
posterior only approach (Posterior group) for treatment of 
pyogenic spondylitis. Baseline data, clinical and radiologic 
results, specific treatments method, treatment outcomes were 
compared between the two groups.
Results: A total 164 patients were included in this study. 
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Included patients were classified into two groups; anterior 
group: anterior approach with or without posterior procedure 
(78 patients) and posterior group: posterior only approach 
(86 patients). Baseline data and preoperative clinical 
manifestations were similar between the two groups 
(p>0.05); there were no significant differences in radiologic, 
laboratory, clinical finding between anterior and posterior 
group (p>0.05). The preference of surgical approach was 
differed orthopedics with neurosurgery department. Anterior 
approach was used more in orthopedic surgery 75(96.2%) 
than neurosurgery 3(3.8%) department. Whereas posterior 
only approach was preferred in neurosurgery 71 (82.6%) to 
orthopedic department 15(17.4%) (p<0.05). Only pain and 
neurology worsening after surgery were similarly reported 
between anterior and posterior group 11(14.1%) versus 
8(9.3%). Revision surgery due to uncontrolled infection was 
less often in the anterior group 0(0%) than in the posterior 
group 19(22.1%) (p<0.05). Revision surgery due to other 
causes (instability, neurology and pain worsening, etc.) 
was reported 3 patients (3.8%) in the anterior group and 11 
patients (12.8%) in the posterior group. 
Conclusions: Treatment failure rate were reported less often 
in the anterior approach with or without posterior procedure 
18(23.1%) than in the posterior only approach 38(44.2%). 
We suggest that anterior approach with or without posterior 
procedure may be a better surgical option than posterior only 
approach, offering better clinical manifestations and fewer 
revision surgery.
Keywords: Pyogenic spondylitis, Anterior approach, Posterior 
approach, Treatment failure, Revision surgery

E37

Effects of Location and Volume of Intraosseous 
Cement on Adjacent Level of Osteoporotic Spine 
Undergoing Kyphoplasty: Finite Element Analysis

Myung-Geun Song, Dong-Hee Kim, Sang-Youn Song, 
Sung-Wook Kang*, Seong-Hee Cho, Se-Joon Heo,  
Min-Goo Cho*, Young-Jin Park†, Se-Heang Oh‡,  
Gu-Hee Jung∮

Department of Orthopaedic Surgery, Institute of Health Science, Research Institute 
of Clinical Medicine, Gyeongsang National University School of Medicine and 
Hospital, Jinju, Korea 
*Precision Mechanical Process and Control R&D Group, Korea Institute of 
Industrial Technology, Korea 
†The 20th armored brigade, Hongcheon-gun, Korea 
‡Department of Nanobiomedical Science, Dankook University, Cheonan, Korea 
∮Department of Orthopaedic Surgery, Gyeongsang National University, College 
of Medicine, Gyeongsang National University Changwon Hospital, Changwon, 
Korea

Purpose: Kyphoplasty (KP) is a surgery used to reduce pain 
and increase stability by injecting medical bone cement into 
broken vertebrae. The purpose of this study was to determine 
the ideal amount of cement and injection site by analyzing 
forces with the finite element method.
Materials and Methods: We modeled the anatomical structure 
of the vertebra and injected the cement at T12. By increasing 
the amount of cement from 1 cc to 22 cc, stress applied to 
T11 and L1 cortical was calculated. In addition, stress applied 
to adjacent KP level was calculated with different injection 
sites (medial, anterosuperior, posterosuperior, anteroinferior, 
and posteroinferior). After 5 cc cement was inserted, adjacent 
end plate stress was analyzed.
Results: In this study, breakpoints adjacent bone stress 
according to the capacity of cement was bimodal. Flexion/
extension and lateral bending conditions showed similar 
breakpoints (11.5~11.7 cc and 18.5~18.6 cc, respectively). 
When cement injection was changed, front under and back 
under had the highest stress values among various parts 
while the center position showed the lowest stress value.  
Conclusions: With increasing amount of bone cement, stress 
on upper and lower end plates of the cemented segment 
increased significantly. Thus, increasing cement amount 
to be more than 11.5 cc has a potential risk of adjacent 
fracture. Centrally injected bone cement can lower the 
risk of adjacent fracture after percutaneous kyphoplasty. 
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The Role of Mitofusin 1 in the Intervertebral Disc 
Degeneration

Sang-Jun Park, Jae-Won Shin, Young-Mi Kang,  
Kyung-Soo Suk, Jin-Oh Park, Si-Young Park,  
Hak-Sun Kim

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

Purpose: Intervertebral disc (IVD) is important for spinal 
health, and Nucleus Pulposus (NP) cells play a major 
role in this IVD. Mitochondria quality control (MQC) is 
important for apoptosis, necroptosis and phenotype change 
of this NP cell, and mitofusin 2 (Mfn2) plays a major role 
in this process. However, there are few studies on mitofusin 
1 (Mfn1), which has an almost similar role to Mfn 2. 
Therefore, we intend to study the relationship between Mfn1 
and NP cell degeneration. We investigated the effects of 
Mfn 1 knockdown and overexpression on human nucleus 
pulposus (NP) cells as well as the potential mechanism. 
Materials and Methods: Human disc degeneration is 
clinically divided into 5 stages according to the Pfirrmann 
grade system based on MRI. Among them, NP cells were 
collected from grades 1, 2, and 3 from which NP cells could 
be obtained during spinal surgery. We detected the protein 
content of Mfn1 in degenerated human NP tissues. NP cells 
were isolated from each Pfirrmann grade tissues selected by 
Pfirrmann grade system using collagenase II. NP cells from 
passages 1 to 3 were used for experiments. We investigated 
the effects of Mfn1 knockdown and Mfn1 overexpression 
on human NP cells under oxidative stress using biological 
techniques.
Results: Mfn1 expression was decreased in human NP tissues 
during IVDD. Mfn1 knockdown exacerbated autophagy 
flux disorders, mitochondrial dysfunction, and cell apoptosis 
of human NP cells under 1% O2 levels, but overexpression 
of Mfn1 significantly reversed these changes. In addition, 
overexpression of Mfn1 promoted ROS (reactive oxygen 
species) -dependent mitophagy via the PINK1 (PTEN-

induced putative kinase 1) / Parkin signaling pathway in 
NP cells under 1% O2 level. Inhibition of autophagy by 
chloroquine (CQ) disrupted the protective effect of Mfn1 
overexpression on NP cells.
Conclusions: From these results, we were able to make 
the following assumptions. Suppression of Mfn1 is 
deeply involved in the cause of IVDD with its effect on 
mitochondrial autophagy disorders, leading to exacerbation 
of mitochondrial dysfunction and apoptotic cell death. 
Considering the multifactorial nature of mitochondrial 
function, Mfn1 might be a useful surrogate for understanding 
biological mechanism of IVDD.
Keywords: Mitofusin, Intervertebral disc, Mitochondria

E39

Global fusion of Thoracolumbar Burst Fracture by 
Posterior Approach

Bishnu Babu Thapa

Department of Orthopaedic Surgery, Nepalese Army institute of health science 
(NAIHS), Nepal

Purpose: Thoracolumbar burst fracture involves damage 
of the bony and ligamentous structure, that stabilize the 
spine, with or without neurological involvement. The 
optimal treatment of thoracolumbar burst fracture is 
still controversial. There is various technique of surgical 
management of thoracolumbar burst fracture. However, 
no single method establishes superior to other technique in 
terms of clinical improvement. Among all global fusion of 
spine by posterior approach in same sitting is one technique.
Materials and Methods: This study conducted in Shree Birendra 
hospital since 2016 till March 2019.The demographic data 
of all thoracolumbar burst fracture patients were recorded. 
All patients clinical and radiological data were recorded 
preoperative and post operative as well. The inclusion 
criteria are unstable thoracolumbar fracture, Neurological 
involvement and neurological deterioration. The exclusion 
criteria are polytrauma, multiple spine fracture. We treated 38 
burst fracture during this period and included only 18 cases 
which were fit into our inclusion criteria. We went Posterior 
midline approach in all cases then did anterior fusion with 
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cylindrical cage and posterior instrumentation. Patients were 
followed up at 6weeks,3,6 and 12 months.
Results: In our study majority of patients were male, almost 
seventy percentage. The age of the patients range from25 
to 61years and mean is 42±16.In all patients Fracture of 
vertebra occurred following fall and involved thoracolumbar 
spine. All the patients had unstable burst fracture 
(McAfee Classification). More than two third patients 
had neurological involvement. There was unacceptable 
kyphotic deformity in six cases which was improved to 
acceptable range after surgery. Those patients who had 
ASIA-A did not improve neurology even after surgery, but 
other incomplete neurology patient improved by grade 1 
or 2 after surgical interventions. The pre-op VAS score for 
back pain range 3 to 5 and improved to 1 to 2 after surgery. 
Conclusions: Though there is no clear surgical approach for 
thoracolumbar burst fracture. we can suggest global fusion 
in single setting by posterior approach would be one option 
despite some pitfall in our study.
Keywords: Thoracolumbar, Burst, Kyphotic

E40

Proximity of Endplate on UIV Using Cortical Bone 
Trajectory Screws Can Be a Risk Factor for Early 
Onset Postoperative Radiologic Adjacent Segment 
Disease

Ji-Won Kwon, Yung Park*, Joon-Oh Seo, Soo-Bin Lee†, 
Namhoo Kim, Subri Park, Jae-Won Shin*, Sang-Jun Park, 
Sahyun Sung‡, Byung-Ho Lee, Joong-Won Ha*,  
Kyung-Soo Suk, Jin-Oh Park, Seong-Hwan Moon,  
Hak-Sun Kim

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, 
Korea 
*Department of Orthopaedic Surgery, National Health Insurance Service Ilsan 
Hospital, Goyang, Korea 
†Department of Orthopaedic Surgery, Catholic Kwandong University College of 
Medicine, Incheon, Korea 
‡Department of Orthopaedic Surgery, Ewha Womans University College of 
Medicine, Seoul, Korea

Purpose: Cortical bone trajectory (CBT) screw is an alternative 
and less-invasive technique for lumbar pedicle screw 
placement. however, the incidence and risk factor of 
adjacent segment disease (ASD) following transforaminal 

lumbar interbody fusion (TLIF) using the CBT screw (CBT-
TLIF) remains unknown. The purpose of this study was 
to determine whether the proximity of the endplate on the 
upper instrumented vertebra (UIV) using CBT screw can be 
a predictive factor for radiologic adjacent segment disease 
(r-ASD).
Materials and Methods: Among patients surgically treated 
with CBT-TLIF in a single institute, 276 consecutive 
patients (91 males, 185 females) with degenerative lumbar 
spondylolisthesis (DLS) who were followed up for at least 
24 months were exclusively enrolled. Their clinical and 
radiological features, including the incidence of r-ASD and 
significantly associated factors for the developing r-ASD, 
were retrospectively measured. R-ASD was defined by the 
following adjacent segment criteria: >3 mm anteroposterior 
translation, >10° segmental kyphosis, or >50% loss of disc 
height. In addition, the proximity between the UIV and the 
proximal screw was defined when the distance between the 
endplate of the UIV and the tip of the proximal screw was 
within 3 mm using computed tomography.
Results: R-ASD was observed in 94 (36.1%) cases at 2 years 
postoperative follow-up. Preoperative Weishaup classification 
on adjacent segment (>grade 2), long fusion (>2 levels), and 
proximity of endplate on UIV were significantly associated 
with r-ASD in univariate logistic regression. (OR=3.93, 95% 
CI [(1.31-11.75] versus OR=2.67, 95% CI [1.56-4.58] versus 
OR=2.00, 95% CI [1.15-3.47]). Among them, proximity of 
endplate on UIV was significantly found as a risk factor for 
r-ASD even in multivariate logistic regression. (OR=2.76, 
95% CI [(1.48-5.13])
Conclusions: Proximity of endplate on UIV using cortical 
bone trajectory screws can be a risk factor for early onset 
postoperative radiologic adjacent segment disease
Keywords: Proximity, Endplate, Cortical bone trajectory, Risk 
factor, Adjacent segment disease
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Efficacy of Facet Block on Lower Back Pain in 
Patients with Adjacent Segment Disease

Dae-Jin Nam, Tae-Gyun Kim

Department of Orthopaedic Surgery, Wonkwang University Hospital, Iksan, 
Korea

Purpose: Adjacent segment disease (ASD) is symptomatic 
deterioration of spinal levels adjacent to the site of a previous 
fusion. ASD refers to a symptomatic state in addition 
to radiological degenerative change, and there are few 
literatures on the treatment results of patients complaining 
of low back pain. Therefore, we tried to confirm the effect of 
facet block on lower back pain in patients with ASD.
Materials and Methods: As a retrospective study from March 
2019 to February 2021, among patients with lower back 
pain as the main symptom, patients who had lumbar fusion 
and degenerative changes in the adjacent segment were 
confirmed by radiology examination but had no instability. 
A total of 67 patients were identified as patients who could 
be followed up for at least 6 months after facet block was 
performed. The age, sex, BMI and BMD of the patients 
were confirmed, and data were analyzed according to the 
period after the first fusion operation and the fusion method 
and segment. The number of facet blocks was checked, and 
the Visual Analog Scale pain score and Oswestry Disability 
Index were used before, 24 hours and 1, 2, 4, 12, 24 weeks 
after injection.
Results: Clinical outcomes improved significantly up to 2 
weeks after facet block in all patients. However, in patients 
with chronic pain with a duration of lower back pain longer 
than 3 months before facet block, the number of facet block 
was high, and the similar pain as before injection was re-
appealed after 4 weeks. Other factors such as fusion segment 
location and postoperative period did not significantly affect.
Conclusions: For lower back pain in patients with ASD, 
facet block was effective in a short period of time. Those 
reported as risk factors for ASD did not significantly affect 
the effectiveness of the facet block, and only the longer the 
patient’s pain period, the lower the effect on the facet block.
Keywords: Low back pain, Facet joint nerve blocks, Adjacent 
segment disease

E42

Remote Cerebellar Hemorrhage Following a Pedicle 
Subtraction Osteotomy in Ankylosing Spondylitis - A 
Case Report

Jae-Hyuk Shin, Kee-Won Rhyu, Wu-Seok Shin

Department of Orthopedic Surgery, St. Vincent’s Hospital, College of Medicine, 
The Catholic University of Korea, Suwon, Korea

Purpose: To present a spontaneous cerebellar hemorrhage 
following a corrective pedicle subtraction osteotomy in 
Ankylosing Spondylitis
Materials and Methods: A 48-year-old female patient visited 
the clinic with persisting low back pain, limited lumbar 
motion, and uncontrolled stooping posture. There was 
difficulty in heavy lifting and stair walking, and the forearm 
scars. Radiographs presented bilateral sacroiliac sclerosis, 
syndesmosis, and ankyloses of the lumbar spine. With a 
diagnosis of Ankylosing spondylitis, the patient underwent 
staged surgery of T11-S1 posterior instrumentation and L3 
Pedicle Subtraction osteotomy and fusion in which dural 
tear was encountered. While presenting straightened posture 
from the kyphosis, the patient presented headaches on 
postoperative four weeks. Subsequent Brain MRI revealed 
subacute hemorrhage of the cerebellum, dominant to the right 
side. Language function, motor power, sensory function, and 
gait disturbance presented within the normal range. 
Results: The patient was treated conservatively in normotensive 
maintenance. Follow-up CT-angiography in 2 weeks 
presented a resolution of the cerebellar hemorrhage. The 
patient was in regular daily activity with satisfied correction 
of the kyphotic posture and gait in 5 months follow up. 
Conclusions: Remote cerebellar hemorrhage could occur 
postoperatively to extensive spine surgery of pedicle 
subtraction osteotomy. A dural tear may upregulate the risk.
Keywords: Ankylosing spondylitis, Pedicle subtraction 
osteotomy, Remote cerebellar hemorrhage
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Evaluation of Radiologic Parameters Regarding 
Successful Indirect Decompression Through OLIF

Ji-Won Park, Jae-Young Hong

Department of Orthopaedic Surgery, Korea University Ansan Hospital, Ansan, 
Korea

Purpose: Indirect decompression is the most important 
factor of OLIF surgery. There are two critical considerations 
related to successful indirect decompression: restoration 
of intervertebral height and minimization of subsidence in 
short term, and canal re-modelling by ligamentum flavum 
stretching. Previous studies have revealed that initial height 
restoration by distraction of anterior and posterior vertebral 
body affect the restoration of foraminal height and segmental 
lordotic angle, resulting improvement of clinical symptoms. 
The improvement of the postoperative foraminal height and 
the postoperative posterior column distraction may affect the 
clinical outcome. With this view, the purpose of this study, 
was to evaluate the preoperative and postoperative radiologic 
parameters in the patients who underwent one- or two-level 
OLIF in order to identify the factors that affect the restoration 
of disc height, segmental lordotic angle as well as posterior 
facet distraction. 
Materials and Methods: A cohort of 36 patients who underwent 
single or two levels OLIF by a single orthopedic surgeon at a 
tertiary hospital between 2015 and 2021 was retrospectively 
assessed. Baseline demographic data as well as following 
radiologic parameters are assessed: preoperative anterior 
and posterior disc height; segmental lordotic angle; global 
lordotic angle; cross sectional area of spinal canal and 
foramen; degree of facet distraction; foraminal height. 
Also, we evaluated the cage position: anterior and posterior. 
Preoperative and postoperative change of each parameter 
were reported.
Results: A total 36 patients with 62 surgical levels were 
assessed. In every level, there were a significant improvement 
in cross-sectional area of spinal canal and foramen. Anterior 
and posterior disc height as well as the degree of facet 
distraction and foraminal height were significantly improved 
after OLIF. Importantly, posterior disc height restoration 
was closely related to the postoperative facet distraction and 

foraminal height restoration (Pearson correlation of 0.3268, 
p=0.0095, and 0.2876, p=0.0234). Also, posterior cage 
position is also more closely related to the foraminal height 
restoration (p<0.001) compared to the anterior cage position. 
Conclusions: Early clinical outcome after OLIF is closely 
related to early radiologic outcome. Successful posterior 
vertebral column by posterior disc height restoration and 
posterior cage positioning will guarantee the successful 
indirect decompression by OLIF.
Keywords: OLIF, Posterior column distraction, Cage position, 
Indirect decompression
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Occipitocervical Fixation: A Case Report of Our 
Techniques and Results

Yudha Mathan Sakti, Zikrina Abyanti Lanodiyu 

Department of Orthopaedics and Traumatology, Dr. Sardjito General Hospital/
Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada, 
Sleman Regency, Yogyakarta Special Region, Indonesia, Indonesia

Purpose: to evaluate and elaborate the functional outcomes, 
range of motions, and radiographic findings in our patients 
underwent OCF.
Materials and Methods: We presented a report of 5 patients 
underwent posterior decompression procedure followed by 
occipitocervical fixation. All five patients’ clinical outcome 
was assessed clinically by, Japanese Orthopaedic Association 
(JOA) score and grading, Karnofsky, range of motion and 
radiographic cervical alignment evaluation parameters.
Results: All patients have seen improvement (minimal 
1 grade in JOA and >30 points of Karnofsky score) in 3 
months after the procedure, had a tolerable range of motion 
limitation, normal range of cervical lordotic and cervical 
brow vertebral angle (CBVA). Unfortunately, one patient 
with loss of cranial fixation may be related to history of 
infection and lack of post-operative wound care.
Conclusions: Our cases conclude that occipitocervical fixation 
is a safe technique that provides excellent fusion rate with good 
functional outcome and tolerable range of motion limitation. 
Due to its unique anatomy and technically demanding, serial 
post-operative monitoring evaluation of this procedure is 
paramount.
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Which Radiographic Parameter Can Aid in Deciding 
Optimal Allograft Height Used for Anterior Cervical 
Discectomy and Fusion?

Se-Han Park, Jae-Jun Yang

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

Purpose: Allograft height selection for anterior cervical 
discectomy and fusion (ACDF) depends on intraoperative 
assessment supported by trials; however, there is currently 
no radiographic reference parameter that could aid in 
allograft height selection for improved outcomes. This is a 
retrospective cohort study that aims to identify preoperative 
radiographic parameters that can guide optimal allograft 
height selection for ACDF.
Materials and Methods: A total of 148 patients who underwent 
ACDF using allografts and were followed-up for more than 1 
year were retrospectively reviewed. Segments were divided 
into two groups according to whether the inserted allograft 
height was within 1 mm from the following three reference 
radiographic parameters: (1) uncinate process height, (2) 
adjacent disc height, and (3) preoperative disc height +2 mm. 
Fusion rates, subsidence, segmental lordosis, and foraminal 
height were compared between the two groups for all 
parameters.
Results: This study included 101 patients with 163 segments. 
Segments with an allograft-uncinate height difference of 
≤1 mm had a significantly higher fusion rate at 1-year 
follow-up compared to segments with allograft-uncinate 
height difference of >1 mm (85/107 [79.4%] vs. 35/56 
[62.5%]; p=0.025). Subsidence, segmental lordosis, and 
foraminal height did not significantly differ between the 
groups when segments were divided according to uncinate 
height. In addition, using preoperative disc height +2 mm or 
adjacent segment height as a reference was not significant 
in terms of fusion and subsidence. Multivariate logistic 
regression analysis demonstrated that allograft-uncinate 
height difference of ≤1 mm and allograft failure were factors 
associated with fusion.

Conclusions: The uncinate process height reflects normal 
patient anatomy and can guide optimal allograft height 
selection for ACDF. Using an allograft with an allograft-
uncinate height difference of ≤1 mm resulted in a higher 
fusion rate. Therefore, the uncinate process height should 
be checked preoperatively and used intraoperatively when 
selecting an allograft height.
Keywords: Anterior cervical discectomy and fusion, Allograft, 
Uncinate process, Height, Pseudarthrosis
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Foraminal Restenosis after Posterior Cervical 
Foraminotomy for the Treatment of Cervical 
Radiculopathy

Sehan Park, Dong-Ho Lee*, Chang-Ju Hwang*,  
Jae Hwan Cho*, Choon Sung Lee*, Jae Jun Yang

Department of Orthopaedic Surgery, Dongguk University Ilsan Hospital, 
GoyangKorea 
*Department of Orthopaedic Surgery, Asan Medical Centre, Seoul, Korea

Purpose: Posterior cervical foraminotomy (PCF) is a minimal 
invasive, effective surgical strategy for the treatment of 
cervical radiculopathy. Whether decompressed foramen 
remains patent or restenosis occurs due to bone healing 
remains unknown. Therefore, the present study was 
conducted to elucidate incidence, risk factor, and clinical 
effect of bone regrowth after PCF.
Materials and Methods: Ninety-eight patients who underwent 
PCF for the treatment of cervical radiculopathy and were 
followed up for >2 years were retrospectively reviewed. 
Foraminal dimension, sagittal gap at resected area, facet 
thickness, lamina length, and cervical range of motion (ROM) 
were measured. Neck pain visual analogue scale (VAS), arm 
pain VAS, and neck disability index (NDI) were recorded. 
Radiographic measures were compared between segments 
with foraminal narrowing of ≥20% at the 2-years follow-
up (restenosis segments) and foraminal narrowing of <20% 
(patent segments). Patient reported outcome measures were 
compared between patients with (restenosis group) and 
without (patent group) restenosis segments.
Results: Sixty-nine patients with 109 segments were 
included. 73.4% (80/109) of foramens demonstrated 
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foraminal narrowing and decrease of foraminal dimension 
of ≥20% occurred in 30.3% (30/109). Foraminal dimension 
at postoperative 2-days was significantly higher in the 
restenosis segments (p=0.047). Furthermore, increase of 
foraminal dimension was significantly associated with 
foraminal restenosis of ≥20% (p=0.018). Facet thickness 
was significantly higher in the restenosis segments compared 
to patent segments at postoperative 2-years follow-up 
(p=0.038). Neck pain VAS was significantly aggravated only 
in the restenosis group at postoperative 2-years follow-up 
(p<0.001).
Conclusions: Foraminal narrowing commonly occurs 
after PCF due to bone healing. Bone growth occurs in all 
directions while medial facet growth contributes more to 
foraminal restenosis. Greater widening of foramen during 
PCF is a risk factor for postoperative foramen restenosis. 
Therefore, amount of bone resection should be kept optimal 
and excessive resection should be avoided to prevent 
foramen restenosis.
Keywords: Cervical radiculopathy, Foraminal restenosis, 
Foraminal dimension, Posterior cervical foraminotomy
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Prevalence, Risk Factors, and Postoperative Infection 
Rates of Blood Transfusion in Lumbar Spinal Fusion 
Surgery: A Korean Nationwide Population-Based 
Study

Si-Young Park 

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

Purpose: The incidence of lumbar spinal fusion has increased 
significantly. However, the effects of blood loss that requires 
blood transfusion after lumbar spinal fusion remains an 
important issue. Blood transfusions are used commonly in 
cases of significant blood loss in lumbar spinal fusion but 
are associated with adverse effects and increased cost. The 
objective of this study was to assess the rate and risk factors 
of blood transfusion and the associated risk after lumbar 
spinal fusion from 2013-2018.
Materials and methods: In this nationwide population-based 

cohort study, the Korean Health Insurance Review and 
Assessment Service database was reviewed retrospectively 
from 2013-2018. Data were extracted from patients who 
underwent lumbar spinal fusion without history of lumbar 
spinal surgery in the preceding year. The primary outcome 
was the rate of blood transfusion within 1 week after surgery. 
In addition, the risk factors for blood transfusion and the rate 
of postoperative infection were evaluated.
Results: A total of 188,581 patients underwent lumbar spinal 
fusion between 2013 and 2018. A significant decline in blood 
transfusions was observed during the study period (56.4%-
47.5%). Presence of comorbidities was associated with 
increased risk of blood transfusion. Patients who underwent 
the posterior approach were more likely to receive blood 
transfusion than were patients who underwent the anterior or 
anterior and posterior approach. Receiving blood transfusion 
was associated with postoperative infection.
Conclusions: In the present study, the prevalence, risk factors 
and postoperative infection associated with blood transfusion 
in lumbar spinal fusion were identified. Spine surgeons 
should consider these risk factors in patients at high risk of 
blood transfusion.
Keywords: Lumbar spinal fusion, Blood transfusion, Infection

E48

Comparison of the Cobb Angle Measurement 
Between Manual and Digital Methods Among Five 
Military Hospitals 

Roongrath Chitragran 

Spine Surgery Unit, Department of Orthopaedics, Phramongkutklao Hospital 
and Phramongkutklao College of Medicine, Bangkok, Thailand

Purpose: The Cobb angle measurement of the spine is an 
important parameter for assessing patients with scoliosis in 
terms of diagnosis, treatment planning, follow-up for severity 
and disease progression. This angle can be obtained from a 
plain X-ray film in an upright posteroanterior view or can 
be measured from digital images. A 5-curve progression is 
considered clinically significant.
Materials and Methods: This study aimed to compare the 
accuracy and difference of the Cobb angle measurements 
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between manual and digital methods among 5 military 
hospitals located in the 1st area of command having 
orthopedic services and using different Picture Archiving 
and Communication (PACS). Methods: Using plain X- ray 
films of patients diagnosed with scoliosis, a comparative 
study of the Cobb angle measurement was conducted. A 
total of 120 images were recorded in a compact disc in the 
Digital Imaging and Communications in Medicine (DICOM) 
system and was used to install in computer systems of 5 
military hospitals (Hospitals A, B, C, D, and E), and then 
was interpreted using each hospital digital PACS. The 
mean difference of 5 is considered clinically significant. 
The validity of measurements was analyzed using paired 
t-test for the mean equivalence. The reliability of one time 
measurement was also performed using Intraclass Correlation 
Coefficient (ICC).
Results: Both one time and an average of three times of digital 
measurements among Hospitals A, B, C, D and E revealed 
significant differences when compared with the manual 
measurement (p<0.01). However, no clinical significance of 
both one time and the averaged three measurements were 
observed when the mean difference was less than 5. In the 
combined process group (Hospitals C, D and E), a significant 
difference of the manual and digital measurements was 
observed (p<0.01). However, no clinical significance using 
both one time and averaged three-time measurements was 
found when the mean difference was less than 5. The data of 
one-time digital measurements were reliable (ICC= 0.9).
Conclusions: The use of digital Cobb angle measurement is 
a convenient practice. A significant difference using manual 
and digital methods was found using both one and combined 
processes; however, no clinical significance was observed. 
One-time digital measurement revealed validity as those 
found in three-time averaged measurements
Keywords: Scoliosis, Cobb angle, Manual measurement, 
Digital measurement
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Does Local Application of Vancomycin Powder 
Reduce Postoperative Infection in Cervical 
Laminoplasty? A Retrospective Review

Ho Ming Li, Andrew Lok Yin Wong, Kam Lung Tung,  
Siu Hei Michael Tse, Tik-Koon Kwok, Kam Kwong Wong

Department of Orthopaedic Surgery, Kwong Wah Hospital, Hospital Authority, 
Hong Kong

Purpose: Cervical laminoplasty is a common surgery 
performed for cervical myelopathy. However, posterior 
cervical spine surgery is associated with a higher rate of 
wound infection, quoted to be 2-13% in the literature, 
comparing to anterior cervical spine surgery. Local 
application of powdered intrawound vancomycin had 
been shown to reduce postoperative infection in posterior 
cervical and thoracolumbar fusion. This retrospective study 
aims to study its efficacy in reducing infection in cervical 
laminoplasty. 
Materials and Methods: Routine local application of 1gram 
of vancomycin powder in epidural and subcutaneous space 
before wound closure has been adopted by our department 
since 2019. Patients undergoing cervical laminoplasty 
without local application of vancomycin powder from 2014 
to 2019 act as control group. Rates of deep space infection 
requiring irrigation were compared between the two groups 
of patients.
Results: In the vancomycin group, the rate of deep space 
infection requiring irrigation was 2.6% (2/77). In the non-
vancomycin group, the rate of deep space infection requiring 
irrigation was 5.8% (5/86). There were no adverse events 
associated with the use of vancomycin powder.
Conclusions: Local application of vancomycin powder before 
wound closure appears to reduce infection rate in cervical 
laminoplasty without adverse effects.
Keywords: Cervical laminoplasty, Vancomycin, Wound 
infection
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Role of Intra-operative Ultrasound in Spine Surgery 
for Extradural Pathologies

Tarush Rustagi, Kalidutta Das, Rajat Mahajan,  
Murari Lal Bansal, Bibhudendu Mohapatra,  
Harvinder S. Chhabra

Department of Orthopaedic Surgery, Indian Spinal Injures Centre, India

Purpose: This is a case series looking at the role of intra-operative 
ultrasound in spine surgery for extradural pathologies
Materials and Methods: 10 cases of varied pathologies 
were included. Following posterior laminectomy, intra-
operative ultrasound was used to determine the adequacy 
of decompression. The surgical approach and the extent 
of surgery was then determined based on ultrasound 
observations. Post operative MRI was done to corelate the 
ultrasound findings
Results: We found intra-operative ultrasound to be a very 
useful, easy to use and interpret tool in spine surgery. The 
adequacy of decompression was seen to be well visualized. 
The finding also corelated with the decompression achieved 
on a post-surgery MRI scan
Conclusions: Intra-operative ultrasound is a useful tool 
in routine spine surgery. It is effective, easy to read to 
determine decompression for various pathologies including 
disc herniation, epidural abscess, tuours and deformity and 
reconstructive surgeries
Keywords: Intraoperative, Ultrasound, Imaging, Spine, Tumor
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Rhabdomyolysis in Lumbar Spine Surgery in 
Chinese: A Case Report

Edwin Kwok Hang Lam 

Department of Orthopaedic Surgery, United Christian Hospital, Hong Kong

Purpose: Rhabdomyolysis is characterized by the rupture of 
the skeletal muscles due to a lot of reasons. The etiology of 
rhabdomyolysis that happened postoperatively is potentially 
multifactorial. The purpose of this case report is to increase 
the awareness and to further minimize this relatively rare 

complication by reporting this case. A review of the literature 
is included.
Materials and Methods: A 58-year-old lady presented with 
a long-standing history of mechanical low back pain and a 
recent onset of right foot drop. MRI showed spinal stenosis 
at L3/4 (more severe) and L4/5 and Left L3 and right L4 
nerve roots were compressed at foraminal level while right 
L5 nerve root was compressed at lateral recess level. She 
was clinically admitted for transforaminal lumbar interbody 
fusion L3 to L5.
Results: Operation was uneventful. However, patient 
developed rhabdomyolysis on postop day 1 and complicated 
by acute on chronic renal failure. The clinical course was 
fulminant which required hemodialysis and prolonged 
intensive care unit support. Postoperative follow-up showed 
good recovery in clinical symptoms. 
Conclusions: It is important for spine surgeons to be familiar 
with this possible complication and watch out for high-risk 
group.
Keywords: Rhabdomyolysis, Spine surgery

E52

Cross-Cultural Adaptation and Validation of the 
Traditional Chinese Version of the Core Outcome 
Measures Index in Patients with Low Back Pain

Meng-Huang Wu, Po-Chien Wu*, Christopher Wu†,  
Anne F. Mannion‡, Jui-Chen Hsu*, Ching-Yu Lee,   
Tsung-Jen Huan, Yen-Kuang Lin∮

Department of Orthopedics, Taipei Medical University Hospital, Taiwan 
*Department of Medical Education, Taipei Veterans General Hospital, Taiwan 
†College of Medicine, Taipei Medical University, Taiwan 
‡Spine Center Division, Department of Research and Development, Switzerland 
∮Biostatistics Research Center, Taipei Medical University, Taiwan

Purpose: This study aimed to carry out a cross-cultural 
adaptation of the Core Outcome Measures Index (COMI) for 
use in Traditional Chinese speaking patients with low back 
pain (LBP) and to investigate its psychometric properties.
Methods: A total of 224 patients with LBP > 6 weeks who 
visited our spine center from May 2018 to May 2019 were 
included in the study. Patients completed a booklet of 
questionnaires including the following: (1) pain Numeric 
Rating Scale (NRS), (2) Oswestry Disability Index (ODI), 
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(3) Roland-Morris Disability Questionnaire (RDQ), (4) 
EuroQOL-five-dimension (EQ-5D), and (5) COMI. Patient 
were sent a second booklet (also containing a transition 
question to indicate any change in condition) to be completed 
again within one month after the first. Fifty-two patients 
did not receive any intervening treatment (group 1), while 
the other 172 patients received medical treatment (group 2) 
between the two questionnaires. 
Results: The intraclass correlation coefficient (ICC) for the 
COMI summary score was 0.94 (95% CI 0.89–0.97); the 
standard error of measurement (SEM) was 0.41 and the 
minimum detectable change (MDC) score was 1.14. The 
COMI summary scores showed a low floor effect (1.8%) and 
ceiling effect (0.4%). All COMI item scores demonstrated 
the hypothesised correlations with their corresponding full-
length questionnaires except for the pain item. Standardized 
response means (SRM) for the COMI items in the treated 
group were between 0.58 and 1.30. Regarding the ability 
of the COMI change-score to differentiate between good 
and poor outcomes, the area under the receiver operating 
characteristic (AUROC) curve was 0.77 [standard error 
(SE) 0.07, 95% confidence interval (CI) 0.68-0.84] and the 
minimal clinically important change (MCIC) score was 
≥1.85 points.
Conclusions: The Traditional Chinese COMI represents a 
practical and reliable tool for the assessment of Traditional 
Chinese-speaking patients with back problems.
Keywords: Questionnaire, Outcome measures, Low back 
pain, Traditional-Chinese, Cross-cultural adaptation

E53

Advantages of L5 Lamina Hook in Surgical 
Correction for Adult Spinal Deformity and Its 
Indications

Sung-Min Kim, Yong-Chan Kim, Ki-Tack Kim,  
Kee-Yong Ha, Qiang Luo, Xiongjie Li, Min-Gyu Kim,  
Tae-Young Ko

Department of Orthopaedic Surgery, Kyung Hee University Hospital at 
Gangdong, Seoul, Korea

Purpose: We aimed to determine the advantages and 
indications of L5 lamina hook using on long segmental 

instrumentation and fusion for surgical correction against 
adult spinal deformity (ASD) patients.
Materials and Methods: 56 ASD patients who underwent 
long segmental instrument and fusion from the thoracic 
spine to L5 at a single institution were retrospectively 
analyzed according to radiographic spinopelvic sagittal 
parameters and L5-S1 disc degeneration using radiographic 
classification system modified from that described by Weiner 
et al. 32 patients (group I) used L5 lamina hook for surgery 
and 24 patients (group II) didn’t. The receiver operating 
characteristic (ROC) curves were plotted to evaluate the cut-
off value of C7 sagittal vertical axis (C7SVA) and pelvic 
incidence - lumbar lordosis mismatch (PI-LL). Additional 
statistical analysis was performed only in group I to verify 
the indications for use of L5 lamina hook.
Results: The preoperative C7SVA (174.6 mm vs 52.9 mm, 
p=0.011), lumbar lordosis (LL; -11.6° vs. -22.8°, p=0.029) 
and pelvic incidence - lumbar lordosis mismatch (PI-
LL; 44.4° vs. 29.1°, p=0.041) of group I was significantly 
greater than group II. The group I showed significantly 
higher changes in C7SVA (136.21 mm vs. 29.31 mm, p= 
0.018), LL (40.5° vs. 25.4°, p=0.031), and PI-LL (40.5° 
vs 24.8°, p<0.034) compared to the group II at immediate 
postoperative. By latest follow-up, subsequent advanced L5-
S1 disc degeneration developed in 7 of 32 patients (21.9 %) 
in group I and 18 of 24 patients (75 %) in group II. The cut-
off value was 15.8cm (95% CI, p=0.001) and 40.8° (95% 
CI, p=0.012) in C7SVA and PI-LL respectively. The patients 
with exacerbated L5-S1 degeneration in group I showed 
significantly higher body mass index (BMI), preoperative 
C7SVA, and preoperative PI-LL than others.
Conclusions: L5 lamina hook may provide the greater 
correction in C7SVA and lumbar lordosis and reduce L5-
S1 degeneration. We suggest the following indications for 
use of L5 lamina hook; low BMI, healthy L5-S1 disc, PI-LL 
mismatch of less than 40.8°, and C7SVA of less than 15.8cm.
Keywords: L5 lamina hook, Surgical correction, Adult spinal 
deformity, Indication  
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