
2021
Volume 6, Number 2, pp 75-164, October

elSSN 2508-2043
www.jmisst.org

Official Journal of Korean Minimally Invasive Spine Surgery Society (KOMISS), 
KOREA and Minimally Invasive Spine Surgeons of Bharat (MISSAB), INDIA



Volume 6, Number 2, October 2021

Aims and Scope
Journal of Minimally Invasive Spine Surgery & Technique (JMISST) is the official journal of the Korean Minimally Invasive Spine 
Surgery Society (KOMISS) and Minimally Invasive Spine Surgeons Association of Bharat (MISSAB) for the publication of research 
results about minimally invasive spinal surgery (MISS). JMISST will consider submissions in areas of endoscopic spinal surgery, 
minimally invasive procedure for degenerative spine disease, pain intervention, minimally invasive surgery for spinal fusion or spine 
trauma, neuroscience, neurology, molecular biology and biomechanics etc. JMISST provides spine physicians and researchers with 
peer-reviewed articles on minimally invasive spine surgery to improve patient treatment, education, clinical or experimental research, 
and professionalism. In particular, minimally invasive spine surgery, including endoscopic spinal surgery, will be the most important 
field in the future spinal treatment. JMISST is the only journal in the world that is currently focused on minimally invasive spine 
surgery. We aim to lead the field of minimally invasive spine surgery to be developed in the future, and will contribute to providing a 
happy life for humans based on academic development.

Research and Publication Ethics
For the policies on the research and publication ethics not stated in this instructions, 'Good Publication Practice Guidelines for 
Medical Journals (http://kamje.or.kr/publishing_ethics.html)' or 'Guidelines on good publication (http://www.publicationethics.org.uk/
guidelines)' can be applied.

Open Access
Copyright to all the published material is owned by the Journal of Minimally Invasive Spine Surgery & Technique (formerly Korean 
Minimally Invasive Spine Surgery Society). The corresponding author should agree to the copyright transfer during the submission 
process. The Editorial Board takes it granted that the co-authors also accept the copyright transfer per the acceptance by the 
corresponding author. The corresponding author has a responsibility of submitting the copyright transfer agreement to the Publisher.

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Publisher
Korean Minimally Invasive Spine Surgery Society

Editor-in-Chief 
Jong Tae Kim, MD, PhD.

Editorial Office 
Department of Neurosurgery, The Catholic University of Korea, Incheon St. Mary's Hospital 56, 
Dongsu-ro, Bupyeong-gu, Incheon 21431, Korea
Tel: +82-32-280-5859    Fax: +82-32-280-5991    E-mail: kjtns@catholic.ac.kr

Printed by M2PI 
8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea
Tel: +82-2-6966-4930    Fax: +82-2-6966-4945    E-mail: support@m2-pi.com

Published on October 31, 2021

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society
    This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39. 48-1992 (Permanence of paper)

www.jmisst.org

elSSN 2508-2043
www.jmisst.org



Editorial
Editor-in-Chief  Jong Tae Kim  The Catholic University of Korea, Korea

Ex-Editor-in-Chief Sang Gu Lee  Gachon University, Korea

Associate Editor  Hyeun Sung Kim  Nanoori Hospital, Korea
    Arvind Kulkarni  Bombay Hospital, India

Assistant Administrator Il Choi   Hallym University, Korea
    Suk-Hyung Kang  Hallym University, Korea
    Seong Son  Gachon University, Korea

Editorial Board  Chien-Min Chen  Changhua Christian Hospital, Taiwan
   Pil Sun Choi  Centro Medico Pacaembú and Hospital Sirio Libanes, Brazil
   Akira Dezawa  Dezawa Akira PED Center, Japan
   Dong Hwa Heo  Boomin Hospital, Korea
   Je Hoon Jeong  Soonchonhyang Unviersity, Korea
   Ju Ho Jeong  Dongguk Univeristy, Korea
   Amit Jhala  Chirayu Hospital and HCG Hospital, India
   Chang Il Ju  Chosun University, Korea
   Daniel H. Kim  The University of Texas, USA
   Ajay Krishnan  C. H. Nagri Eye Hospital, India
   Chang Hyun Lee  Seoul National University, Korea
   Jun Ho Lee  Kyunghee University, Korea
   Pramod Lokhande  Smt. Kashibai Navale Medical College and General Hospital, India
   Said Osman  Sky Spine Endoscopy Institute, USA
   Jwo-Luen Pao  Far Eastern Memorial Hospital, Taiwan
   Koichi Sairyo  Tokushima University, Japan
   Salman Sharif  Liaquat University of Medical and Health Sciences, Pakistan
   Umesh Srikantha  Aster CMI Hospital, India
   Pornpavit Sriphirom  Rajavithi Hospital, Thailand
   Hai Yong   Beijing Chaoyang Hospital, Capital Medical University, China
   Jeffery Wang  University of Southern California, USA
   Yue Zhou   Xinqiao Hospital, Third Military Medical University, China

Ethics Editor  Chi Heon Kim  Seoul National University, Korea

Statistical Editor  Jae Ouk Ahn  Soonchonhyang Univerity, Korea

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society

elSSN 2508-2043
www.jmisst.org



Reviewer  Nitin Adsul  India
   Farhaan Altaf  Australia
   Kwang Heum Baek  Hanyang University, Korea
   Trianggoro Budisulistyo Indonesia
   Yong Eun Cho  Yonsei Universit , Korea
   Doo Yong Choi  Catholic University o f Korea, Korea
   Kyong Cheol Choi  Wiltse Memorial Hospital, Korea
   Cnun Kee Chung  Seoul Natinal Unversity, Korea
   Eun Sik Do  The Joeun Hospital, Korea
   Adriano Scaff Garcia Brazil
   Richard Guyer  USA
   Wu Pang Hung  Singapore
   Osama Kashlan  USA
   Ahidjo Abdulkadiri Kawu Nigeria
   Mohammad Nuruzzaman Khan Bangladeshi
   Dae Hyun Kim  Daegu Catholic University, Korea
   Jin Sung Kim  Catholic University o f Korea, Korea
   Seung Byum Kim  Kyounghee University, Korea
   Se Hoon Kim  Korea University, Korea
   Heum Dae Kwon  Pohang S Hospital, Korea
   Young Min Kwon  Dong-A University, Korea
   Young Joon Kwon  Kangbuk Samsung Hospital, Korea
   Kang Taek Lim  Good Doctor Teun Teun Hospital, Korea
   Chang Gyu Lee  Keimyoung University, Korea
   Cheol Woo Lee  St. Peters Hospital, Korea
   Dong Chan Lee  Wiltse Memorial Hospital, Korea
   Sang Won Lee  Yonsei Baiun Hospital, Korea
   Seung Myung Lee  Chosun University, Korea
   Hong Jae Lee  Catholic University o f Korea, Korea
   Seung Joon Lee  Inje University, Korea
   Jeong Yoon Park  Yonsei University, Korea
   Jae Won Park  Wiltse Memorial Hospital, Korea
   Jin Hoon Park  Asan Medical Center, Korea
   Seung Won Park  Chungang University, Korea
   Byapak Paudel  Nepal
   Rahul Rane  India
   Harshvardhan Raor  India
   Je II Rheu   Hanyang University, Korea
   Liew Boon Seng  Malaysia
   Jian Shen   USA
   Kumar Shetty  India
   Myoung Hoon Shin  Catholic University o f Korea, Korea
   Ravindra Singh  India
   Dong Wook Son  Pusan University, Korea

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society



Reviewer  Se Il Son   Cha University, Korea
   Moon Sul Yang  Serim Hospital, Korea
   Vishal B Peshattiwar  India
   Ketan Deshpande  India
   Pradyumna Pai Raiturker India
   Sambhav Shah  India
   Gautam Zaveri  India
   Mohinder Kaushal  India
   Rajakumar Deshpande India
   Vishal Kundanani  India
   Paresh Chandra Dey  India
   Subir N. Jhaveri  Indiaa
   Seungchan Yoo  Catholic  University of Korea, Korea

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society



Executive
President  Dae-Hyun Kim  Daegu Catholic University Medical Center

Vice-President  Jin Kyu Park  Good Spine Hospital

Honorary President Young Soo Kim  Thomas Hospital
    Hyun Jib Kim  Seoul National University Bundang Hospital
    Chun Kun Park  Good Doctor Teun Teun Hospital

Advisor   Sang Ho Lee  Wooridul Spine Hospital
    Sung Hoon Oh  Nanoori Hospital
    Jae Won Do  Soonchunhyang University Hospital, Cheonan
    Chun Kee Chung  Seoul National University Hospital
    Yong Eun Cho  Yonsei University, Gangnam Severance Hospital
    Sung Woo Rho  Asan Medical Center
    Chun Keun Park  Wiltse Memorial Hospital
    Eun Sang Kim  Samsung Medical Center
    Eun Sik Do  The Joeun Hospital
    Sung Min Kim  Barun Hospital
    Sung Choon Park  Myongji Hospital
    Seung Myung Lee  Chosun University Hospital
    Gun Choi   Wooridu! Hospital, Pohang
    Sang Gu Lee  Gachon University Gl Medical Center

Secretary General  Sung Bum Kim  Kyung Hee University Hospital

Assistant Administrated  Man Kyu Choi  Kyung Hee University Hospital
General Affair

Scientific Program  Chi Heon Kim  Seoul National University Hospital
Director

Assistant Administrater  Hee Seok Yang  The Joeun Hospital
Scientific Program

Scientific Program  Chi Heon Kim  Seoul National University Hospital
Director

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society

elSSN 2508-2043
www.jmisst.org



Editor in Chief of JMISST Jong Tae Kim  The Catholic University of Korea, Incheon St Mary’s Hospital

Deputy Editor in Chief  Hyeun Sung Kim  Nanoori Hospital
of JMISST

Financial Director Chang II Ju  Chosun University Hospital

Membership Director Je II Ryu   Hanyang University Guri Hospital

Planning Director Jung Woo Hur  The Cathololic University of Korea Seoul St Mary’s Hospital

Insurance Director Dong Wuk Son  Pusan National University Yangsan Hospital

Medical Ethics Director Kyung Sik Ryu  The Catholic University of Korea, Seoul St Mary’s Hospital

Clinical Practice   Jeong Yoon Park  Yonsei University, Gangnam Severance Hospital
Guideline Director

Research Director Yong Ahn  Gachon University Gil Medical Center

Legislation and   Kyung Chui Choi  Wiltse Memorial Hospital. Anyang
Encyclic Director

Computed Information  Dong Wha Hur  Nanoori Hospital
Director

Public Relation Director Seong Hwan Kim  Cheju Halla General Hospital

International   Sang Kyu Son  Park Weon Wook Hospital
Cooperation Director

Domestic Cooperation  Ju Ho Jeong  Dongguk University Qyeongju Hospit
Director   Jun Seok Bae  Wooridul Spine Hospital

History Compilation  Jae Joon Shim  Soonchunhyang University Hospital, Cheonan
Director

Textbook Compilation  Je Hoon Jeong  Soonchunhyang University Hospital, Bucheon
Directorr

Assistant Administrates  II Choi   Hallym university, Dong-Tan Hospital
Textbook Compilation

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society



Private Clinic Executive  Heum Dai Kwon  Pohang Stroke and Spine Hospital
Directorr  Chui Woo Lee  ST. Peter’s Hospital

KOSESS President Hyeun Sung Kim  Nanoori Hospital

Special Executive   Seong Taek Kong  Korea Workers’ Compensation and Welfare Service, Incheon Hospital
Director   Se Hoon Kim  Korea University Ansan Hospital
    Seung Won Park  Chung-Ang University Hospital
    Jong Tae Park  Wonkwang University Hospital
    Hwa Seong Park  Bong Seng Hospital
    Koang Hum Bak  Hanyang University Seoul Hospital
    Jung Hyun Shim  Shimjeong Hospital
    Jin Hwa Eum  Bumin Hospital
    Dong Chan Lee  Wiltse Memorial Hospital, Anyang
    Seong Yi   Yonsei University, Severance Hospital
    Jae Hack Lee  CTL Hospital
    Jun Ho Lee  Kyung Hee University Hospital
    Jee Soo Jang  Nanoori Hospital, Suwon
    Do Sang Cho  Ewha Womans University Medical Center
    Soo Hyun Hwang  Gyeongsang National University Changwon Hospital
    Ho Gyun Ha  Cheonan Chungmu Hospital
    Sung Oh Kwon  Kumi CHA Medical Center
    Jae Chil Chang  Soonchunhyang University Hospital, Seoul
    Dong Wuk Son  Pusan National University Yangsan Hospital
    Cheol Wung Park  DaeJeon Woori Hospital
    Jae Won Jang  Wiltse Memorial Hospital
    Dong Ah Shin  Yonsei University, Severance Hospital

Auditor   II Choi   Hallym university, Dong-Tan Hospital
    Nam Lee   Yonsei Cheok Hospital

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society



Contents

Volume 6, Number 2, October 2021

Review Article

75  Complication and Contraindication of Full Endoscopic Lumbar Decompression
  Dong Hyun Kim, Chang Il Ju

Original Articles

83  Robotic Assistance Improves Efficiency for Navigated TLIF Surgery
  Brandon Simonetta, Corey Engel, Robert Hirschl, Virgilio Matheus

90  MRI Study to Evaluate Anatomic Oblique Lumbar Interbody Fusion Corridor in Indian Population
  Sharvil Gajjar, Amit Jhala, Shivam Kiri, Manish Mistry

98  Minimally Invasive Surgery vs. Open Surgery for Infectious Spondylodiscitis: A Systematic Review and Meta-Analysis
  Ida Bagus Gede Arimbawa, I Gusti Lanang Ngurah Agung Artha Wiguna, Sherly Desnita Savio

109 Contralateral Lower Limb Radiculopathy Following Minimally Invasive Oblique Lumbar Interbody Fusion in Treatment  
 of Degenerative Lumbar Spine Disease

  Nisarg Pravinchandra Parikh, Amit Chandrakant Jhala

115 Syringopleural Shunt Insertion Using a Minimally Invasive Approach: Technical Note, Case Series, and Review of the  
 Literature

  Kaiyun Yang, Yosef Ellenbogen, Chirayu Bhatt, Majid Aljoghaiman, Nirmeen Zagzoog, Kesava Reddy

122 Osteoporotic Fractures of Thoracolumbar Spine with Neurodeficit: Radiological Instability Scoring and Minimally  
 Invasive Stabilization

  Abhijit Pawar, Bharat Patel, Raghavendra Thete, Mihir Bapat

131 Effectiveness of Indirect Decompression in Severe Degenerative Lumbar Central Canal Stenosis by Oblique Lumbar  
 Interbody Fusion

  Sharvil Gajjar, Amit Jhala, Manish Mistry

141 Clinical Comparison of Low and High Injection Volumes of High-viscosity Bone Cement Used in Percutaneous  
 Vertebroplasty

  Özkan Özger, Necati Kaplan

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society

elSSN 2508-2043
www.jmisst.org



Technical Note

147 Lumbar Spinal Stenosis: Ipsilateral Facet-sparing Unilateral Laminotomy for Bilateral Decompression:  
 Technical Note and Preliminary Results

  Luca Papavero, Kathrin Schawjinski, Nawar Ali, Justus Oehm, Markus Pietrek, Karsten Schoeller

Case Reports

156 Direct Anterior Screw Fixation in a Type II Odontoid Fracture with a Fused C2–C3: A Technical Report
  Arvind Gopalrao Kulkarni, Tushar Satish Kunder

161 Transforaminal Endoscopic Partial Vertebrectomy for Decompression of Spinal Metastases: A Novel, Minimally Invasive  
 Approach to Treating Symptomatic Lumbar Vertebral Body Metastases

  Michael Brooks, Yingda Li

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society



75www.jmisst.org

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society 
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION 

Lumbar spinal stenosis is common lumbar degenerative 

diseases with narrowing of the spinal canal leads to radicular 

leg pain, back pain, and neurological intermittent claudication. 

Generally, the first treatment for symptomatic lumbar stenosis 

is conservative management including medication, physical 

therapy, and nerve-block procedures [1-4]. Hypertrophy of the 

articular process and yellow ligament and disc herniation are 

the main reasons for worsening of the clinical symptoms of 

lumbar stenosis. Nerve compression induced by these degen-

erative changes manifests as low back pain and radiculopathic 

Complication and Contraindication of Full Endoscopic 
Lumbar Decompression  
Dong Hyun Kim, Chang Il Ju 

Department of Neurosurgery, Chosun University of College of Medicine, Gwangju, Korea 

Review Article
J Minim Invasive Spine Surg Tech 2021;6(2):75-82
eISSN: 2508-2043
https://doi.org/10.21182/jmisst.2021.00248

By reviewing various literatures on endoscopic surgery for lumbar spinal stenosis and systemat-
ically analyzing the contraindications and complications of endoscopic surgery, the purpose of 
this study is to distinguish appropriate indications and contraindications for endoscopic surgery, 
and to predict the prognosis for the incidence of complications. We searched the PubMed data-
bases to identify articles on endoscopic surgery for lumbar spinal stenosis. Preoperative exclu-
sion criteria were included in contraindication, and complications that occurred during and af-
ter surgery were included. We analyzed clinical outcomes and classified the prescribed contra-
indication and complications according to the paper. We identified 120 articles, and 48 met our 
criteria, with evidence ranging from level I to level IV. After reviewing the literature, the analysis 
result, Contraindication of full endoscopic lumbar decompression are spondylolisthesis (>grade 
2), instability, previous surgery, tumor (metastasis), infection, scoliosis, mainly back pain, pain-
less weakness, cauda equine syndrome, etc. Complications of full endoscopic lumbar decom-
pression are dura tearing, epidural hematoma, transient dysesthesia, untreated pain, motor 
weakness, cauda equine syndrome, incomplete decompression, etc. Fully endoscopic lumbar de-
compression is a safe, effective option for treating lumbar spinal stenosis, owever, it is import-
ant to select the surgical indication well, and various complications may occur after surgery. 

Key Words: Spinal stenosis, Endoscopic Surgical Decompression, Contraindications, Complica-
tions  
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leg pain, which worsens when standing or walking, and com-

monly referred to as neurogenic intermittent claudication [5,6]. 

Lumbar spinal stenosis can be classified into 3 different types, 

central spinal canal stenosis, lateral recess stenosis, and foram-

inal stenosis, according to the anatomically neural compression 

area [7]. Many middle-aged and elderly patients with lumbar 

and low back pain do not achieve satisfactory results with con-

servative treatment alone, resulting in decreased activity level 

and quality of life, eventually requiring spinal surgery. Lumbar 

spinal stenosis is the main indication for spinal surgery in pa-

tients over 65 years of age [8]. A variety of surgical techniques, 

including tubular and microsurgical decompression and fusion 



surgery, have been used for the treatment of spinal stenosis 

that does not achieve satisfactory improvement with long-term 

conservative treatment. The development of endoscopic spinal 

surgery technology has made it possible to decompress the 

lumbar nerve using a full endoscope. In particular, in the case 

of elderly patients who are at high risk of general anesthesia, 

surgery is possible without general anesthesia, there is little 

tissue damage, the hospital stay is short, and the cost is low, 

but the surgical results are similar or better [9]. Full endoscopic 

surgery for lumbar nerve decompression is largely divided into 

an interlaminar approach and a transforaminal approach, and 

these approaches select the most suitable method according to 

the type of central stenosis, lateral recess stenosis, and foram-

inal stenosis stenosis. The interlaminar endoscopic technique 

is similar to microscopic and tubular decompression surgery, 

meaning the anatomic orientation is familiar and similar in 

both techniques. Full-endoscopic interlaminar decompression 

shows that all the procedures of open decompression can be 

completely substituted by endoscopic management. 

Transforaminal endoscopic techniques have been reported 

to be successful in disc surgery and unilateral foraminal steno-

sis, but there are anatomic limitations for symptomatic bilateral 

recess stenosis. This technique is more useful in foraminal ste-

nosis and lateral recess stenosis rather than central spinal steno-

sis These limitations, especially at the level of L5-S1, are a high 

iliac crest, a large L5 transverse process, a large facet joint, and a 

narrowed disc space [10,11]. With advances in endoscopic spi-

nal surgery methods and instruments, earlier contraindications 

have become indications for full-endoscopic spinal decompres-

sion in the treatment of lumbar degenerative diseases. 

There are some reports about complications and contrain-

dications of full endoscopic lumbar decompression. Among 

them, Incidental durotomy is the most common complication 

[12-14]. 

Sairyo et al. [15] reported complications which included 

dural tear, postoperative hematoma, neural complication and 

inferior articular process fracture . 

MATERIALS AND METHODS 

We used the Preferred Reporting Items for Systematic Review 

as a template for our systematic review. The review process 

started with a search of PubMed databases to identify articles 

on full endoscopic lumbar decompression. An independent 

reviewers assessed all articles and references and agreed on 

which articles should be included. To prevent selection bias 

during review, abstracts from the search were numbered and 

pasted into a document after deleting the publication journal, 

author, and institution. We used the Preferred Reporting Items 

for Systematic Review and Meta-Analysis (PRISMA) guidelines 

as a template for our systematic review. These guidelines are an 

evidence-based minimum set of items aimed to help authors 

improve the reporting of systematic reviews and meta-analy-

ses. The review process started with a search of PubMed and 

cochrane databases to identify articles on spinal stenosis and 

endoscopic decompression protocol. A reviewer assessed all 

articles and references and agreed on which articles should 

be included. To prevent selection bias during review, abstracts 

from the search were numbered and pasted into a document 

after deleting the publication journal, author, and institution. 

The initial search included keywords “spinal stenosis” and “en-

doscopic decompression” which returned 406 results. 

Due to the high variation of relevant articles and anatomical 

locations, the search was modified to included “lumbar,” which 

produced 356 results after duplicate articles were identified and 

discarded. The search also included the exact surgical tech-

nique term “interlamiar” and returned 58 results published 

from 1980 to 2011. Exclusion criteria included no complication 

results reported (10 articles), microendoscopic surgery (10 arti-

cles), endoscopic interbody fusion (3 articles), spondylolisthe-

sis (2 articles). Metastasis (1 articles), biportal surgery (7 arti-

cles) and studies not in English (1 articles). A total of 24 articles 

meeting our criteria were identified through the search process. 

Thus, 24 articles met the criteria and were analyzed (Figure 1). 
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Figure 1. Flow diagram (PRISMA format) of the screening and 
selection process.
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Table 1. Contraindications of full endoscopic interlaminar lumbar decompression reported in the literature

Level I Level II Level III Level IV Level V Total
Instability 13 3 16
Tumor (metastasis) 10 1 11
Infection 9 1 10
Spondylolisthesis 9 1 10
Severe central stenosis (<100 mm2) 7 2 9
Mainly back pain 3 4 7
Multiple spinal stenosis 6 6
Combined disc herniation 3 2 5
Previous surgery 3 1 4
Cauda equina syndrome 2 2 4
Bilateral symptom 3 3
High iliac crest 1 1 2
Trauma (fracture) 2 2
Peripheral nerve disease 1 1
Painless weakness 1 1

RESULTS 

Comprehensively, the contraindication of full endoscopic 

lumbar interlaminar decompression is Spondylolisthesis, 

Instability, previous surgery, foraminal stenosis, tumor, infec-

tion, scoliosis, main back pain, calcified disc herniation, medi-

cal  problem, cauda equine syndrome, severe stenosis, trauma, 

and painless weakness were reported in the following order 

(Table 1). 

Complications of full endoscopic interlaminar decompres-

sion were reported in the following order, dural tearing is the 

most common, epidural hematoma is the 2nd common, In 

addition to these two most common complications, various 

complications occur frequently in the following order. transient 

dysesthesia, urinary retention, motor weakness, cauda equine 

syndrome, wound infection, disc herniation, persistent pain, 

medical problem, Inferior articular process fracture, incom-

plete decompression, and instability (Table 2). 

DISCUSSION 

Full Endoscopic Interlamiar Lumbar Decompression 

Many authors reported the exclusion criteria of full endo-

scopic interlaminar lumbar decompression. In 2011, Komp et 

al. [16] reported prospective study of bilateral decompression 

Table 2. Complications of full endoscopic interlaminar lumbar decompression reported in the literature

Level I Level II Level III Level IV Level V Total
Dura tearing 1 3 14 1 19
Epidural hematoma 1 7 4 12
Transient dysesthesia 1 2 5 8
Urinary retention 1 1 3 5
Motor weakness 1 3 4
Cauda equina syndrome 3 3
Wound infection 2 2
Disc herniation 3 3
Persistent pain 3 3
Medical problem (etc) 1 2 3
IAP fracture 2 2
Incomplete decompression 2 2
Instability 1 1
Lens broken 1 1
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of lumbar degenerative central spinal stenosis by full-endo-

scopic interlaminar technique with unilateral approach (level 

2 of evidence). In this study, The following cases were exclud-

ed from the indication, predominant back pain, foraminal 

stenosis, in the lower level, disc herniation, degenerative spon-

dylolisthesis more than meyerding Grade I, multidirectional 

rotation slide, Scoliosis more than 20 degrees, prior surgery in 

the same segment, cauda equina syndrome. Also, in this study, 

several complications were reported, 5 times transient post-

operative dysesthesia, 2 times transient urinary retention, 2 

times dura injuries, 1 time increase in preoperatively-existing 

foot dorsiflexion paresis. Apart from transient dysesthesia and 

transient urinary retention, the complication rate was 3.3%. 

Two patients (2.7%) required revision surgery with additional 

fusion owing to persistent leg pain and/or progradiant back 

pain. 

In 2013, Ruetten et al. [17] reported prospective randomized 

controlled study of decompression of lumbar lateral spinal 

stenosis by full-endoscopic, interlaminar technique (level 1 of 

evidence), in this study, the contraindications of this surgery 

were pure back pain, instability, deformity requiring correction, 

foraminal stenosis. 

In 2015, Komp et al. [18] reported a prospective, randomized, 

controlled study of bilateral spinal decompression of lumbar 

central stenosis with the full-endoscopic interlaminar versus 

microsurgical laminotomy technique (level 1 of evidence). In 

this study, Exclusion criteria were predominant back pain, fo-

raminal stenosis in the lower level, fresh soft disc herniations 

with bony stenosis, degenerative spondylolisthesis more than 

Meyerding Grade I, multidirectional rotation slide, scoliosis 

more than 20°, prior surgery in the same segment, and cauda 

equina syndrome. Also, in this study, the following complica-

tions occurred: transient postoperative dysesthesia, transient 

urinary retention and dura injuries. There were foot dorsiflex-

ion paresis, epidural hematoma, delayed wound healing and 

soft-tissue infections. There were no other complications such 

as spondylodiscitis, cauda equina syndrome, or thrombosis. 

Apart from transient dysesthesia and transient urinary reten-

tion, the complication rate was 5% and was significantly higher 

in the Microscopic surgery group [18]. 

In 2017, Kamson et al. [19] reported the retrospective review 

of prospective study of full-endoscopic assisted lumbar decom-

pressive surgery performed in an outpatient, ambulatory facil-

ity (level 3 of evidence). In this study, there were 3 major and 3 

minor postoperative complications. The 3 major complications 

were all incidences of early postoperative reherniation that 

resulted in reoperation. The minor complications included 2 

cases of sympathetically mediated pain syndrome and one case 

of transient urinary retention. 

In 2017, Hwang et al. [20] reported cases series of contralater-

al Interlaminar keyhole Percutaneous Endoscopic Lumbar Sur-

gery (level 4 of evidence), an epidural hematoma was reported 

as complication after endoscopic decompression.  

In 2018, Lee et al. [21] reported retrospective study of percu-

taneous endoscopic laminotomy with flavectomy by unipor-

tal, unilateral approach for the lumbar canal or lateral recess 

stenosis (level 3 of evidence). In this study, the following cases 

were excluded from the indication, segmental instability and 

degenerative spondylolisthesis more than Meyerding grade I, 

multidirectional rotation slide, scoliosis >20° combined foram-

inal stenosis in the same or lower level, or coexisting pathologic 

conditions such as acute inflammation, infection, or tumor. 

Also, they reported complications of postoperative transient 

dysesthesia, lower extremity motor weakness, dural tearing, 

recurrent disc. 

Kim et al. [22] reported early outcomes of endoscopic contra-

lateral foraminal and lateral recess decompression via an inter-

laminar approach by retrospective study (level 3 of evidence), 

they experienced the complication of inadequate foraminal 

decompression. 

Also, Kim et al. [23] reported retrospective study of percu-

taneous full endoscopic bilateral lumbar decompression of 

spinal stenosis through uniportal-contralateral approach (level 

3 of evidence). In this study, the following cases were excluded 

from the indication, patients with spondylolisthesis grade II or 

greater, patients who demonstrated frank segmental instability 

in dynamic radiographs, patients who were inoperable due to 

other medical problems and patients with complaints of clau-

dication pain due to vascular stenosis. Also, they reported com-

plications of dural tear occurred in 3 cases (6.25%). Of these 3 

cases, one case (2.1%) was converted to open decompression 

because of complaints of severe back pain and leg pain, and 2 

cases (4.17%) who had Macnab fair and poor grades, respec-

tively, required transforaminal lumbar interbody fusion after 

this procedure. Postoperative magnetic resonance imaging re-

vealed adequate decompression in all cases. 

Lee et al. [24] reported a meta-analysis of full-endoscopic 

decompression via interlaminar approach for central or lateral 

recess spinal stenosis (level 3 of evidence). In this study, they 

reported complications of revision surgery, transient paresthe-

sia, incidental durotomy, epidural hematoma, headache, and 

infection. 

In 2019, Park and Lee [25] reported a retrospecitive study 

on full-endoscopic interlaminar decompression (level 3 of 
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evidence). In this study, patients with nonspecific symptoms, 

lateral recess or foraminal stenosis, spondylolisthesis, previous 

back surgery, or contraindication to surgery due to bleeding 

tendency were excluded. However, no serious complications 

such as epidural hemorrhage, dural or nerve damage or infec-

tion were reported. 

Li et al. [26] reported comparative study about full endoscop-

ic decompression via a transforaminal approach and an interla-

minar approach for lateral recess stenosis (level 2 of evidence), 

in the interlaminar approach, the complication rate was 3.4% of 

transient dysthesia. 

Lim et al. [27] reported retrospectively comparative study of 

endoscopic decompression surgery by using 1 port for mul-

tiple lumbar spinal canal stenosis (level 3 of evidence), they 

reported dura tearing, epidural hematoma, wound infection, 

and reoperation due to incomplete decompression as compli-

cations. 

Lv et al. [28] reported prospective controlled study of com-

parison effect of PELD and fenestration in geriatric lumbar 

lateral stenosis (level 2 of evidence), in this study, the following 

cases were excluded from the indication, lumbar instability in 

dynamic radiographs: translation greater than 3 mm or chang-

es in angulation greater than 10° at 1 motion segment on the 

lateral flexion and extension, pathological conditions such as 

lumbar infection, tumor or fracture, a history of previous lum-

bar surgery. Also, they reported dura tearing and postoperative 

delirium as complication. 

Lee et al. [29] reported retrospective study of endoscopic 

decompression in lumbar central and lateral recess stenosis 

(level 3 of evidence), they excluded Patients with documented 

diagnoses of segmental instability, degenerative spondylolis-

thesis greater than Meyerding grade I, scoliosis of more than 

20 degrees, combined foraminal stenosis in the same or lower 

level, or coexisting pathologic conditions, such as acute in-

flammation, infection, or the known presence of tumors. Dura 

tearing, motor weakness, dysethesia, postoperative hematoma, 

excessive facet resection were reported as complication.  

Cao et al. [30] reported retrospective study of the “Tube in 

tube” interlaminar endoscopic decompression for lumbar spi-

nal stenosis (level 3 of evidence), in this study, postoperative 

radiating pain due to nerve root disturbance or inflammatory 

stimulation, cauda equina symptom, Spinal cord hypertension 

were reported as complications. 

McGrath et al. [31] reported retrospective comparative study 

of unilateral laminotomy for bilateral lumbar decompression 

(level 3 of evidence), disc herniation and paresthesia were as 

complication of endoscopic surgery. 

Huang et al. [32] reported retrospective study of full endo-

scopic uniportal unilateral laminotomy, in this study (level 3 

of evidence), the exclusion criteria of indication were distinct 

instability in dynamic radiographs, spondylolisthesis grade III 

or greater according to the Meyerding criteria, foraminal steno-

sis with root neuropathy, symptomatic spondylolytic spondy-

lolisthesis, stenosis merely caused by disc herniation, lesions 

induced by malignancy or infection. Postoperatively, residual 

claudication and back pain, back pain and sciatica due to re-

current stenosis from the hypertrophic facet joint, incomplete 

decompression, iatrogenic durotomy, delayed wound healing 

needing debridement were reported as complications. 

Hua et al. [33] reported retrospective comparative study of 

comparison of endoscopic unilateral laminotomy bilateral de-

compression and TLIF (level 3 of evidence). In this study, they 

excluded patients with degenerative spondylolisthesis or defor-

mity, tumors, infections, or other lesions, also they excluded a 

surgical history involving the corresponding segment. Intraop-

erative complication rate was 9.4% with dura rearing and cauda 

equina injury. 

Chiu et al. [34] reported retrospective comparative study of 

endoscopic vs open laminectomy (level 3 of evidence) and they 

reviewed papers of endoscopic lumbar decompression and du-

ral tearing, urinary retension, infection, motor weakness were 

complications. 

Yang et al. [35] reported retrospective comparative study of 

endoscopic vs microscopic unilateral laminotomy bilateral 

decompression (level 3 of evidence), the following cases were 

excluded from the indication, isthmic spondylolisthesis or dy-

namic instability on the flexion/extension radiographs, patho-

logical spinal diseases, such as infection, tumor, or previous 

spinal surgery. Also, in endoscopic group, dura tearing, urinary 

retention, acute exacerbation of chronic bronchitis, acute left 

heart failure were reported as complications. 

Cheung et al. [9] reported economic and decision analysis 

of cost analysis between endoscopic and microscopic interla-

minar decompression (level 2 of evidence), in this study, they 

reported dural tear, iatrogenic instability requiring fusion as 

complications of MIS. 

Lim et al. [36] reported retrospective study of full endoscopic 

interlaminar inside-out unilateral laminotomy bilateral decom-

pression (level 3 of evidence), in this study, the following cases 

were excluded from the indication, foraminal stenosis, multiple 

level stenosis, significant instability, those with a history of pre-

vious lumbar surgery, and those with degenerative spondylo-

listhesis grade 2 and above were excluded. On the other hand, 

Incidental dural tear, epidural hematoma, reoperation were 
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reported as postoperative complications. 

Ruetten and Komp [37] reported systemic review of endo-

scopic lumbar decompression (level 3 of evidence), in this 

study, contraindications are back pain as a main symptom, 

instability/deformities with an indication for a stabilizing pro-

cedure. Intraoperative complications were reported such as 

surgery on the wrong segment, epidural bleeding, insufficient 

decompression, injuries to the dura, injuries to neural struc-

tures, injuries to vessels, injuries to organs. Direct postoper-

ative complications were persistent or progressive radicular 

symptoms, cauda equina syndrome, urinary retention, conse-

quences of injury to vessels or organs. Delayed postoperative 

complications: soft tissue infection, spondylodiscitis, cerebro-

spinal fluid fistula, delayed consequences of injury to vessels or 

organs, further radicular symptoms, surgically induced symp-

toms (failed back surgery syndrome).  

Zhao et al. [38] reported retrospective study of percutaneous 

endoscopic unilateral laminotomy and bilateral decompres-

sion for lumbar spinal stenosis (level 3 of evidence), in this 

study, exclusion criteria is as following as patients with lumbar 

instability and symptoms of lower back pain, LSS with Mey-

erding Grade II spondylolisthesis, multisegment stenosis with 

a history of lumbar surgery, infection, tumor or trauma, lower 

extremity neuropathy, or mental disorders. 

CONCLUSION 

According to literature analysis, the interlaminar approach is 

effective for central spinal stenosis and lateral recess stenosis, 

whereas the transforaminal approach is preferred for foraminal 

stenosis and lateral recess stenosis. Contraindication in both 

methods has many things in common, but the interalminar 

approach is preferred in cases of multiple sites, bilateral symp-

toms, or high iliac crest. In the interlaminar approach, dural 

tearing and epidural hematoma are the most common, whereas 

in the transforaminal approach, dysesthesia and untreated pain 

are relatively common. Additionally, various complications 

such as transient dysesthesia, urinary retention, motor weak-

ness, cauda equine syndrome, wound infection may occur. 
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INTRODUCTION 

Spine surgery is among the leading specialties in terms of 

technological advancements in surgery. There is a constant 

search for novel techniques and tools that allow for better pa-

tient experiences and improved outcomes. The use of minimal-

ly invasive surgery (MIS) techniques instead of traditional open 

approaches has been one of these major advancements [1]. 

Previous research has indicated that the MIS Transforaminal 

Lumbar Interbody Fusion (TLIF) technique results in less oper-
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ative blood loss, less post-operative pain, shorter hospital stays, 

and decreased narcotic use compared to the open TLIF tech-

nique [2-4]. This is thought to be the result of decreased muscle 

stripping and iatrogenic soft tissue injury. However, long term 

clinical outcomes have been found to be similar between both 

techniques, with both producing excellent results [3]. 

As the field of spine surgery continues to evolve, the technol-

ogy and techniques aim to minimize the burden of recovery 

while simultaneously maximizing clinical benefits. The next 

significant advancement after MIS was the use of intra-op-



erative navigation software. This allowed surgeons to more 

accurately place pedicle screws compared to the use of in-

tra-operative fluoroscopy [5]. To further improve accuracy and 

efficiency, robotic assistance has been proposed. In theory, 

robotic assistance can make hardware placement easier for 

surgeons, resulting in less collateral damage to the soft tissues. 

The robotic arm is not only used to place hardware, but also to 

align skin and fascial incisions at the exact angle and orienta-

tion needed for screw placement. This allows for minimal soft 

tissue dissection. 

Previous studies have suggested that the soft tissue injury 

sustained during open surgery is responsible for the increased 

blood loss, pain, recovery time and hospital stay associated 

with the technique [6]. This principle is the basis for the im-

proved surgical parameters associated with MIS TLIF surgery 

over open TLIF surgery. Navigation software further decreases 

the need for extensive dissection, but most techniques recom-

mend an abbreviated approach to the screw entry point for ide-

al hardware placement. In contrast, robotic assisted MIS tech-

niques suggest percutaneous, sharp incision of the skin and 

fascia with a scalpel as the only dissection for the approach. 

Performing this through the robotic arm provides a direct path 

for screw placement without further dissection or exposure of 

the starting point. Theoretically, this lack of dissection would 

result in even less soft tissue damage, and thus patients might 

experience an even more comfortable and accelerated recovery 

course. 

The use of a robot for pedicle screw placement also has 

several other possible benefits. These include reliable and re-

produceable placement of pedicle screws, resulting in a more 

standardized screw placement process. This could lead to more 

consistent outcomes across different patients, as well as for the 

development of more comparable research studies. It may also 

improve results and decrease complications for less experi-

enced surgeons, especially early in their careers. Another ben-

efit of robotic assistance is that surgeons can account for vari-

ations in patient anatomy, from complex deformities to occult 

dysmorphisms [7]. This more accurate anatomic placement of 

hardware could result in biomechanical advantages over free 

hand placement [8]. Using a robot may also allow for quicker 

pedicle screw placement, as there are less variables during the 

placement process. This would significantly shorten operating 

time, depending on the number of screws being placed. Finally, 

the use of a robot for hardware placement may allow increased 

resident and trainee participation in screw placement, as at-

tending surgeons can easily visualize the location of the screw 

on the monitor, and it is relatively difficult to greatly deviate 

from the planned insertion location. 

While the traditional MIS TLIF technique has been frequent-

ly compared to open surgery, there is little data comparing the 

navigated MIS TLIF procedure to robotic assisted MIS TLIF 

surgery. This study aims to evaluate whether robotic assisted 

pedicle screw placement during navigated MIS TLIF surgery 

further optimizes EBL, OR time, post-operative pain scores, 

hospital stays, and discharge disposition. 

MATERIALS AND METHODS 

1. Study Design and Patient Sample 

After Institutional Review Board approval was obtained, this 

retrospective chart review included patients who underwent 

surgery by a single fellowship-trained spine surgeon between 

May 2017 and April 2020. All surgeries were performed at a 

single institution. Patients that required additional procedures, 

such as a laminectomy, were excluded. Other exclusion criteria 

included patients undergoing revision surgery, constructs that 

included thoracic levels, and those that included more than 

two surgical levels. There were no exclusions based on age, co-

morbidities, or other demographic information. 

2. Data Collection 

Baseline patient data collection included patient sex, age, 

body mass index (BMI), American Society of Anesthesiologists 

(ASA) status, and pre-operative diagnosis. The type of surgery 

performed, estimated blood loss, operating room time, dis-

charge disposition and daily pain scores were also collected 

from the patients’ electronic health records (EHR). Operating 

time was calculated from the time of incision until the time 

nursing staff marked the end of procedure, usually shortly after 

skin closure. Length of stay was calculated in hours from the 

time the patient left the operating room until they were dis-

charged. All the collected data was then compared between 

the Robotic Assisted and the standard navigated MIS surgical 

groups. 

3. Navigated MIS TLIF Surgical Technique 

The incision was performed in a stab wound fashion over 

the left posterior superior iliac spine with percutaneous place-

ment of a Medtronic (Minneapolis, MN) Stealth reference for 

the navigation. Intraoperative imaging of the lumbar spine 

was obtained using the Medtronic O-arm navigation system. 
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Stereotactic navigation was used for skin marking for entry 

into the designated pedicles bilaterally. Incisions with a #10 

scalpel were made and subdermal dissection performed with 

monopolar cautery. Fascial incision and subfascial dissection 

were performed with cautery until the desired screw starting 

point was identified. Under stereotactic guidance, insertion of 

pedicle screws was performed with the Stryker (Kalamazoo, 

MI) ES2 system. A pedicle base retractor was used on the side 

of more radicular symptoms to expose the facet complex. In-

traoperative microscope was brought into the field. An en-bloc 

facetectomy was performed utilizing a high-speed burr, osteo-

tomes and Kerrisons. The exiting and traversing nerve roots 

were then visualized and decompressed. The thecal sac was 

mobilized medially using a nerve root retractor over the shoul-

der of the traversing nerve root. A box-shaped annulotomy was 

performed with a #15 scalpel followed by thorough diskecto-

my using pituitary and Kerrison rongeurs. Paddle distractors 

were utilized, and endplate preparation was performed with 

shavers and rasp instruments. The field was copiously irrigated 

with antibiotic solution. Packing of the contralateral disk space 

with bone allograft and autograft was performed followed by 

insertion of a Stryker Titanium spacer, prepacked with bone al-

lograft. The rods were inserted through the pedicle screws and 

appropriately fastened. Closure of the fascia was performed 

with 0 Vicryl interrupted, followed by closure of the subdermal 

tissue with 2-0 Vicryl interrupted. Closure of the skin as per-

formed with 4-0 Monocryl in subcuticular fashion. 

4. Robotic Assisted MIS TLIF Surgical Technique 

The robotic assisted technique was performed in a similar 

fashion to the standard navigated MIS technique with the 

following differences. Instead of placing the Stryker E2 stealth 

navigation reference, the Globus Excelsius navigation refer-

ence was placed (Figure 1). The navigation system was then 

positioned, and intra-operative X Rays were taken. These im-

ages were then merged with the pre-operative CT scan. The 

robotic arm was used to mark out the location of pedicle screw 

incisions at the designated levels. A stab incision through skin, 

and subsequently fascia, was performed through the robotic 

arm with a 10-blade scalpel. The Globus CREO pedicle screws 

were inserted under robotic stereotactic guidance through the 

robotic arm (Figures 2, 3). Decompression was performed in 

the same fashion as previously described, with the only differ-

ence being that a Globus cage was used. The remainder of the 

procedure was performed identical to the navigated MIS TLIF 

technique described previously.  

Figure 1. Globus Excelsius Robotic Navigation Platform setup. 
The navigation reference is visible in the patient’s right posterior 
superior iliac spine. Robotic arm is in position for left sided pedicle 
screw placement.

Figure 2. Globus Excelsius Robotic Navigation software interface 
depicting the planned and real-time trajectory of the pedicle 
screw.
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underwent navigated MIS TLIF and 48 underwent Robotic As-

sisted MIS TLIF surgery. There were no statistically significant 

differences between baseline patient demographics. Mean 

age was 56.3 (SD 13.1) in the non-robotic group and 58.2 (SD 

13.2) in the robotic group (p=0.491). The non-robotic group 

was made up of 34.6% males while the robotic group was 50% 

male (p=0.119). Average BMI in the non-robotic group 32.5 

(SD 5.0) and was 33.0 (SD 6.8) in the robotic group (p=0.663). 

In the non-robotic group 31 patients underwent a single level 

operation and 21 underwent a two-level operation, while in 

the robotic group there were 31 single level operations and 17 

two level operations (p=0.61). The primary diagnoses and ASA 

scores between the two groups were not statistically different 

(p=0.587 and p=0.812, respectively) (Table 1). 

2. Surgical Comparisons 

There were several statistically significant findings between 

groups regarding surgical parameters (Figure 4). In the non-ro-

botic group, mean EBL was 76.5 mL (SD 82.1), while in the ro-

botic group mean EBL was 35.6 mL (SD 36.7) (p=.002). Average 

operating room time was 187.1 minutes (SD 52.3) for non-ro-

botic surgery and 152.3 minutes (SD 40.6) for robotic-assisted 

surgery (p<0.001). Mean length of hospital stay was 92.3 hours 

(SD 50.1) in the non-robotic group and 71.6 hours (SD 47.1) in 

the robotic group (p=0.036). There was no significant difference 

Figure 3. Placement of a left sided pedicle screw through the 
Globus Excelsius Robotic Navigation Robotic arm.

Table 1. Patient demographics and diagnostics

Robotic  
(n=48)

Non-robotic  
(n=52)

Statistical  
comparison

Age (yr) 58.2 (13.1) 56.3 (13.2) p=0.491
Sex (% male) 50.0% 34.6% p=0.119
BMI 33.0 (6.8) 32.5 (5.0) p=0.663
ASA
 1 0.0% 3.8%
 2 45.8% 46.2% p=0.587
 3 52.1% 48.1%
 4 2.1% 1.9%
Number of surgical Levels
 1 64.5% 59.6% p=0.61
 2 35.5% 40.4%
Diagnosis
 Spondylolisthesis 66.7% 73.1%
 Disc herniation 22.9% 17.3% p=0.812
 Stenosis 4.2% 5.8%
 Other 6.3% 3.8%

Baseline demographic data for robotic and non-robotic groups. There 
are no significant differences. Format: Means (standard deviation) or 
percentage.

5. Statistical Analysis  

Univariate comparisons between patients in the robotic and 

non-robotic surgical groups were compared using independent 

t-tests for continuous variables and either chi-square tests of in-

dependence or Fisher exact tests for categorical variables. The 

alpha level was set at p=0.05 for all comparisons. A post-hoc 

power analysis using a two-tailed test with a moderate effect 

size (d=0.5) and an alpha level of p=0.05, showed the obtained 

power (1–b)=0.70. All analyses were conducted in SPSS version 

24 (IBM, Inc.). 

RESULTS 

1. Demographic and Diagnostic Data 

Charts of 1,027 adult patients were reviewed. Those who 

underwent Navigated MIS TLIF or Robotic Assisted MIS TLIF 

lumbar surgery were identified, resulting in 137 patient charts. 

The final number of patients included was 100, of which 52 
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possible. Ideally, surgeons minimize blood loss, length of hos-

pital stay, OR time, cost, post-operative pain, and narcotic use 

without sacrificing surgical outcomes. This principle has been 

consistently studied over time and is evident in the shift from 

open surgery to more MIS techniques [9]. The pathophysiolog-

ic explanation for MIS benefits is that by being more accurate 

with hardware placement and dissection techniques, patients 

undergo less collateral trauma during surgery. By inflicting less 

unnecessary trauma, patients experience less soft tissue dam-

age, resulting in improved surgical parameters and outcomes 

[10]. This study aimed to further explore this idea by examining 

whether robotic assisted surgery in conjunction with navigated 

MIS techniques would improve the efficiency of TLIF surgery. 

We hypothesized that the robotic assisted technique would 

favorably affect surgical parameters in comparison to standard 

navigated MIS techniques alone. 

It was found that patients who underwent robotic assisted 

MIS TLIF surgery experienced improved surgical parameters 

in all measured outcomes except post-operative pain scores 

and discharge disposition. The robotic assisted group had a 

surgical EBL of 35.6 mL compared to 76.5 mL in the non-robot-

ic group (p=0.002). Average OR time was 152.3 minutes for the 

robotic assisted group and 187.1 minutes in the non-robotic 

group (p<0.001). Mean length of hospital stay was 71.6 hours 

in the robotic group while the non-robotic grouped averaged 

92.3-hour hospital stays (p=0.036). There were no differences 

in post-operative pain scores or patient disposition between 

groups. 

The difference in EBL between groups is likely related to the 

lack of dissection performed in the robotic-assisted group. The 

robotic arm alignment allows the surgeon to only incise the 

skin and fascia using a 10-blade scalpel, without further dis-

section, limiting soft tissue trauma. This results in less bleeding 

and thus less EBL. While the non-robotic group still utilized a 

navigated MIS technique, there was some cautery dissection 

performed. This is often necessary to acquire the correct start-

ing point and trajectory for screw placement, as the navigation 

provides a general, but not perfect, location for the skin and 

fascial incisions. Similarly, the shorter hospital stay in the ro-

botic-assisted group may also be related to a more minimal dis-

section. Less collateral soft tissue damage likely results in less 

post-operative pain. Less pain may result in improved ambu-

lation and quicker discharge times. Unfortunately, the current 

study could not evaluate post-operative pain scores for reasons 

described later in this discussion. 

To date, we are unaware of any other studies that specifically 

evaluate surgical parameters regarding the use of robotic as-
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Figure 4. Bar graph exhibiting differences in EBL, OR time and 
length of stay between robotic assisted and non-robotic groups. 
All differences depicted are significant.

Table 2. Surgical comparisons

Robotic  
(n=48)

Non-robotic 
(n=52)

Statistical  
comparison

Estimated blood loss (mL) 35.6 (36.7) 76.5 (82.1) p=0.002
OR time (min) 152.3 (40.6) 187.1 (52.3) p<0.001
Length of stay (hr) 71.6 (47.1) 92.3 (50.1) p=0.036
Discharge disposition
 Home 83.0% 80.8% p=0.641
 Rehabilitation 6.4% 11.5%
 Skilled nursing facility 10.6% 7.7%

Measured outcome data for robotic and non-robotic groups. Significant 
differences are in bold. Format: Means (standard deviation) or percentage.

Table 3. Post-operative pain comparisons

Pain score  
average Robotic (n=48) Non-robotic 

(n=52)
Statistical  

comparison
POD 0 4.39 (2.2) n=47 4.80 (3.3) n=49 p=0.468
POD 1 3.91 (1.6) n=47 4.46 (1.9) n=52 p=0.113
POD 2 3.77 (1.4) n=39 4.40 (2.3) n=51 p=0.114
POD 3 3.75 (1.4) n=23 4.48 (2.0) n=31 p=0.139
POD 4 3.99 (1.9) n=12 4.45 (1.7) n=22 p=0.476
POD 5 3.49 (1.9) n=9 3.84 (1.7) n=16 p=0.649

in discharge disposition between the two groups (Table 2). 

There was also no significant difference in daily mean post-op-

erative pain scores between the two groups for post-operative 

days 0–5 (Table 3). 

DISCUSSION 

The goal of modern-day spine surgery is to provide maxi-

mum symptom relief to patients in the most efficient manner 
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sistance in MIS TLIF surgery compared to navigated MIS tech-

niques alone. However, several studies have performed similar 

evaluations. A study by Cui et al. [11] compared traditional 

open techniques to robot-assisted MIS TLIF techniques in 41 

patients with lumbar spondylolisthesis. They found that the 

robot-assisted group had less surgical EBL, shorter hospital-

ization, less post-operative pain and were quicker to ambulate. 

However, the robotic assisted group required longer operative 

time and more X-ray exposure. 

The current study found similar results when comparing 

robotic-assisted MIS to standard navigated MIS TLIF surgery, 

except that the robotic group had shorter OR times. The shorter 

OR times for the robotic group in our study may result from 

several factors. First, the robotic-assisted surgeries did not in-

volve use of the O-arm but did require merging of the pre-oper-

ative CT with the intra-operative X-rays. While the specific time 

required for these processes was not measured in this study, it 

is likely that the use of the O-arm in the non-robotic group took 

longer, contributing to a longer procedure time in that group. 

These processes were both accounted for in the overall OR time 

calculations since the start time was marked by the incision for 

the navigation reference, which was placed at the beginning of 

each procedure. It seems appropriate to account for these times 

as they do contribute to a patient’s time under anesthesia. An-

other factor that likely influenced the significant difference in 

OR times between groups is the speed of pedicle screw place-

ment. When inserting pedicle screws using strictly navigation, 

the surgeon must rely on manual manipulation and orientation 

of the instruments to match the trajectory displayed on the nav-

igation software. In contrast, when using robotic assistance, the 

surgeon simply places instruments through the robotic arm at 

the pre-determined angle. While the former technique may dif-

fer significantly based on surgeon experience, the latter is likely 

to be quicker and more consistent across different surgeons. 

A recent study by De Biase et al. [12] focused on surgical 

outcomes between robotic-assisted TLIF and MIS TLIF patient 

cohorts. In this study, 101 patients of a single surgeon were 

utilized. It was found that there were no differences in post-op-

erative complications or rates of surgical revision. This suggests 

that robotic assisted TLIF surgery is an effective alternative to 

MIS TLIF surgery alone in terms of patient outcomes. Interest-

ingly, they did not find a difference in operative time between 

the groups. This may have been the result of surgeon tech-

nique, surgeon experience, or type of robot used, among other 

variables. 

The current study has several limitations. First, all patients 

were treated by a single surgeon, limiting the generalizabili-

ty of the findings. This surgeon also frequently had residents 

on his service. While the residents were involved in pedicle 

screw placement for patients in both groups, the presence and 

amount of involvement of these residents was not accounted 

for in this study. Future studies might include multiple sur-

geons and exclude cases where residents were present.  

Data collection for pain scores and post-operative narcotic 

pain medication was difficult due to the nature of the electronic 

medical record (EMR) at the participating hospital. Pain scores 

were inconsistently documented and collected from a wide 

range of different nurses, likely resulting in high inter-observer 

variability. In terms of pain medications, the EMR did not easily 

allow for retroactive tabulation of pain medication doses. This 

information was altogether unavailable for some patients and 

thus was unable to be incorporated into the study. Unfortu-

nately, this not only removed the ability to examine post-op-

erative narcotic use, but also renders our post-operative pain 

scores relatively useless. Patients who were in more pain likely 

took more narcotic medication, bringing their pain level down. 

Other patients, who did not have as much pain, likely used less 

narcotics, ultimately resulting in similar pain scores for all pa-

tients. This phenomenon may have been the reason that we did 

not find any differences in post-operative pain scores between 

the two groups. Without accurate pain medication information, 

it is difficult to appropriately assess post-operative pain scores. 

Future studies should have a consistent and clear method for 

documenting pain scores and post-operative pain medications. 

A future prospective study might include measuring the time 

taken for merging intra-operative X-rays with the pre-operative 

CT in the robotic assisted group, as well as the time used for 

O-arm operation in the non-robotic group. Time spent specifi-

cally on inserting pedicle screws would also be useful in deter-

mining ease-of-use differences between standard navigation 

and robotic-assistance. The accuracy of each method could 

then be evaluated utilizing post-operative CT scans. A concur-

rent cost analysis would be beneficial in comparing overall effi-

ciency. 

CONCLUSION 

Robotic-assisted MIS TLIF surgery resulted in less EBL, short-

er OR time and shorter hospital stays when compared to tradi-

tional navigated MIS TLIF surgery. Previous studies have found 

robot-assisted spine surgery to be effective in improving the 

accuracy of pedicle screw placement and decreasing radiation 

exposure for both the patient and surgeon when compared to 

traditional techniques [13-15]. Patient-oriented outcomes have 
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also been found to be similar [16]. Few studies have elaborated 

on this concept and compared robotic-assisted MIS surgery to 

navigated MIS surgery, as we have done in this study. A series 

of prospective, randomized control trials that examine surgical 

parameters, as well as patient-oriented outcomes, would be 

ideal for further exploration into the benefits of robotic assisted 

spine surgery. 
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INTRODUCTION 

The patients with symptomatic lumbar canal stenosis were 

historically treated with decompression by laminectomy and 

the option of fusing the spinal segments has evolved gradually 

with the further understanding of lumbar segment instabil-

ity [1]. Spinal fusion is required for alleviation of pain and 

stabilization in the affected unstable segment and a variety 

of approaches can be used to achieve it. Open spine surgery 
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has higher morbidity, slower recovery, more likely to develop 

postoperative pain, higher probability of post-operative infec-

tions, muscular atonia, and longer hospital stay [2]. Minimally 

Invasive Spine (MIS) surgery has evolved gradually since it 

introduced tubular retractor in 1997 and with subsequent 

technological advancement has become the preferred choice 

over conventional open surgery [3]. This gave rise to MIS retro-

peritoneal approaches. These approaches obviate the need to 

disrupt the posterior paraspinal muscle damage and provides 



exposure to the intervertebral disc through a lateral approach 

which allows the insertion of a cage far larger in size than what 

is achievable through the posterior approach [4]. The possi-

bility of insertion of a cage having a broader dimension allows 

increasing the chances of fusion, get the maximum possible 

segmental lordosis, and better sagittal alignment. It also pro-

vides the required decompression of the spinal canal indirectly 

by jacking up the disc space, distracting the facet joints, and 

stretching up the ligamentum flavum [5]. 

MIS Transpsoas lateral approaches have a high incidence of 

lumbar plexus injury and to avoid that OLIF approach gained 

popularity which takes surgical window between major ves-

sels and psoas major muscle from L2 to L5 [6,7]. There is wide 

variation in vascular anatomy of the major vessels in form of 

the width of the vessels, course, and bifurcation [8,9]. Similarly, 

there are anatomical variations in the psoas major muscle in 

form of thickness, bulk, and orientation [9-11]. Hence the sur-

gical corridor for OLIF between L2 to L5 has large variations. If 

the procedure is performed where there is no surgical access 

window for performing OLIF, there is a possibility of vascular 

injury [12]. Hence it is imperative to define each corridor to ex-

actly evaluate different spaces. Western studies are done to find 

out this surgical corridor on cadaveric specimens and CT scans 

[6,13-16]. 

OLIF is an emerging technique in India and there is no ana-

tomical research about the Indian population to guide the sur-

geons regarding the approach. Indian population is structurally 

different compared to the western population. Currently, im-

aging anatomical data regarding the Indian population con-

cerning OLIF is not available in the literature. Our study aims 

to examine and calculate surgical corridors of OLIF to find the 

feasibility of OLIF procedure at different levels in the lumbar 

spine from L2 to L5 in the Indian population. This is the first 

study in the Indian population for oblique corridor analysis. 

We analyzed operative windows for oblique approach through 

MRI, which is widely available, cheap and as it is required to be 

done for diagnostic purposes, it does not require the patients to 

undergo any further investigation. 

MATERIALS AND METHODS 

We selected imaging data from 180 adults who underwent 

MRI Lumbosacral spine. The sample size included 90 males 

and 90 females with a maximum age of 84 years and minimum 

age of 18 years and the average age was 49 years. Coronally 

aligned patients with back pain with or without radicular pain 

were included and patients with age less than 18 years, trau-

matic, tumorous or spondylodiscitis cases, prior lumbar or 

retroperitoneal surgery, vertebral abnormalities such as hemi-

vertebrae, spina bifida, and spinal deformities such as scoliosis 

or kyphosis were excluded. We used axial section at each disc 

level L1-2, L2-3, L3-4, and L4-5. All the windows to approach 

the intervertebral disc were measured on the left side as that 

was the common side of the approach. The anatomical param-

eters measured of different windows are shown in Figure 1. 

1. Vascular Window 

This is the area occupied by the major vessels in front of 

the disc space. This area is avoided in the OLIF approach. It is 

measured by the distance from the left border of the abdominal 

aorta or left iliac vessels to the median sagittal plane.  

2. Bare Window  

It is the bare area between the major vessels and the anterior 

border of the psoas major muscle which is the surgical corridor 

for OLIF procedure. It is measured by the distance from the left 

Figure 1. Axial section at the L4-5 level. V: vascular window, B: 
bare window, P: psoas major window, operative window=Bare 
window (B)+Psoas major window (P).
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margin of the major vessels and the anterior border of the pso-

as major muscle. 

3. Psoas Major Window 

It is the portion of the intervertebral disc which is anterior to 

the mid transverse plane, and is covered by psoas major mus-

cle. This area can be used for performing OLIF with retraction 

of the psoas major muscle. This was measured by distance from 

the anterior border of the psoas major muscle to point at the 

mid transverse plane of the intervertebral disc. 

4. The Operative Window 

This is the area clinically used for performing OLIF. It is a 

combination of bare window and psoas major window. 

5. Percentage of Bare Window 

This is the percentage ratio of the bare window concerning 

the operative window. It is measured by Bare window/Opera-

tive window×100. 

6. Percentage of Psoas Major Window 

This is the percentage ratio of psoas major window concern-

ing the operative window. It is measured by Psoas window/

Operative window×100. 

RESULTS 

Mean values of different windows in centimeters (cm) at 

each level with Standard Deviation (SD) are shown in Table 1. 

The vascular window was largest at L4-5=1.84 (±0.56) cm and 

smallest at L3-4=1.18 (±0.37) cm. The bare window was larg-

est at L1-2=1.29 (±0.37) cm and smallest at L4-5=0.79 (±0.52) 

cm. Psoas major window was largest at L3-4=1.24 (±0.38) cm 

and smallest at L1-2=0.45 (±0.47) cm. The operative window 

was largest at L3-4=2.40 (±0.47) cm and smallest at L4-5=1.72 

(±0.67) cm. 

As shown in Table 2 there were significant differences be-

tween males and females at L1-2 and L4-5 vascular windows 

(p-value<0.05) while at middle sections i.e. L2-3 and L3-4 

difference between the two genders was not significant at the 

vascular window. While in middle sections L2-3 and L3-4, there 

was a significant difference between the bare windows of males 

and females (p-value<0.05) and there was no significant differ-

ence at L1-2 and L4-5 of the bare window. 

Width of the left psoas major muscle (Figure 2) at all levels in 

the mid-frontal plane is shown in Table 3. 

Psoas major width was widest at L4-5 followed by L3-4, L2-

3, and L1-2 and their values are 3.34 (±0.79) cm, 2.16 (±0.78) 

Table 1. Mean values of different windows at each level in centimeters

Windows L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
Vascular window 1.42 (±0.36) 1.19 (±0.38) 1.18 (±0.37) 1.84 (±0.56)
Bare window 1.29 (±0.53) 1.25 (±0.50) 1.15 (±0.48) 0.79 (±0.52)
Psoas major window 0.45 (±0.47) 1.00 (±0.39) 1.24 (±0.38) 0.93 (±0.41)
Operative window 1.74 (±0.44) 2.24 (±0.48) 2.40 (±0.47) 1.72 (±0.67)

SD: standard deviation.

Table 2. Statistical differences in the windows between males and females

Windows Gender L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
Vascular window Male 1.52 (±0.37) 1.22 (±0.37) 1.20 (±0.40) 1.74 (±0.59)

Female 1.32 (±0.32) 1.16 (±0.38) 1.17 (±0.37) 1.92 (±0.56)
p-value 0.000 0.30 0.59 0.03

Operative window
Bare window Male 1.22 (±0.47) 1.13 (±0.50) 1.01 (±0.48) 0.76 (±0.54)

Female 1.36 (±0.52) 1.36 (±0.49) 1.29 (±0.44) 0.82 (±0.49)
p-value 0.059 0.002 0.000 0.46

PSOAS major window Male 0.59 (±0.47) 1.19 (±0.31) 1.47 (±0.29) 1.08 (±0.40)
Female 0.32 (±0.44) 0.81 (±0.37) 1.01 (±0.31) 0.78 (±0.37)
p-value 0.000 0.000 0.000 0.000
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cm, 1.30 (±0.61) cm, 0.51 (±0.52) cm respectively. There was a 

significant difference between males and females at all levels 

(p-value<0.05). 

Table 4 shows the percentage of different windows compared 

to the operative window at all levels. 

From the above measurements, we found that if we use the 

criteria of 1 cm as the minimum operative corridor for the bare 

window required to perform the OLIF procedure then OLIF 

cannot be performed in most of the Indian patients at L45 as 

the average bare window available is only 0.79 cm (±0.52) and 

in 68.9% patients, the bare window is less than 1 cm at L4-5. It 

is also obvious that if the bare window is ‘0 cm’ then it is very 

risky to do OLIF because of the risk of vessel damage but if the 

space is more than 0.5 cm it can be accessed with some retrac-

tion of the psoas muscle. So, we subdivided bare window into 

three groups considering ease of doing surgery as shown in 

Table 5. 

 Group 1: no space between major vessels and psoas major  

(0 mm) (Figure 3) 

Group 2: Bare window is between 0–5 mm (Figure 4) 

Group 3: Bare window more than 5 mm (Figure 5) 

Figure 2. Red line indicates psoas major width in the mid frontal 
plane.

Table 3. Mean width of psoas major in mid-frontal plane in centimeters

Psoas major width L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
All 0.51 (±0.52) 1.30 (±0.61) 2.16 (±0.78) 3.34 (±0.79)
Male 0.72 (±0.56) 1.67 (±0.51) 2.58 (±0.70) 3.67 (±0.73)
Female 0.30 (±0.37) 0.94 (±0.46) 1.74 (±0.63) 3.01 (±0.72)
p-value 0.000 0.000 0.000 0.000

Table 4. Percentage of operative window from L1-L5

Levels % of vascular  
window

% of bare  
window

% of psoas major  
window

L1-2 81.6 74.14 25.86
L2-3 53.12 55.8 44.64
L3-4 49.17 47.92 51.67
L4-5 106.98 45.93 54.07

Figure 3. No space between major vessels and psoas major.

Group 1 patients where OLIF is extremely risky to be per-

formed, Group 2 patients where OLIF can be performed with 

some retraction of the psoas muscle. 5 mm was taken as an ar-

bitrary measurement because the Jamshidi needle or the small-

est dilator of the retractor can be docked directly over the disc 

space. Surgeons with some experience can access this space. 

Group 3 patients where space is more than 5 mm it is easy to 

perform this procedure. 

With this subgroup analysis of bare window as shown in 

Table 5, 10.56% patients at L45, 1.12% patients at L34, 0.56% 

patients at L23, and 2.78% at L12 were in Group 1 where it is not 

feasible to perform OLIF procedure. 

We also tried to find out if instead of taking a bare window 
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cm for safe approach for OLIF from L1 to L5 and are shown in 

Table 6. It shows that operative window <1 cm is 10.55% patients 

at L45, 0% patients at L34, 0.55% patients at L23 and 3.33% pa-

tients at L12. Therefore, considering both the criteria of the bare 

window and operative window, 10.56% of patients at L45 have 

bare window 0 cm, and 10.55% of patients at L45 have an opera-

tive window of <1 cm, it is not feasible to perform OLIF in Indian 

patients. 

DISCUSSION 

We observed in our study that vascular window is maximum 

at L4-5 (1.84±0.56 cm) followed by L1-2 (1.42±0.36 cm), L2-3 

(1.19±0.38 cm) and L3-4 (1.18±0.37 cm). The vessel width is 

gradually narrowing from L1-2 to L3-4. At L4-5 there is vessel 

bifurcation which causes an increase in the vascular window. 

Psoas major window was maximum at L3-4 (1.24±0.38 cm) 

followed by L2-3 (1±0.39 cm), L4-5 (0.93±0.41 cm) and L1-2 

(0.45±0.47 cm). The psoas muscle is thinnest at the L1-2 lev-

el with a gradual increase in the musculature caudally. Bare 

window is maximum at L1-2 (1.29±0.53 cm) followed by L2-3 

(1.25±0.50 cm), L3-4 (1.15±0.48 cm) and L4-5 (0.79±0.52 cm). 

At L45 the bare window is minimum, and this is obvious as 

gradually the great vessels are coming laterally from L12 going 

down and psoas major muscle is gradually become bulkier 

starting from L12 up to L45. Hence it is relatively easier to 

operate at L3-4 and L2-3 levels and need to be careful while 

operating at L4-5 level because of the narrow operative win-

dow due to the larger size of the vascular window and psoas 

window making the bare window small. This has been shown 

in the measurements of the vascular window and psoas ma-

jor window. The operative window which is a combination 

of bare window and psoas major window is maximum at 

L3-4 (2.40±0.47 cm) followed by L2-3 (2.24±0.48 cm), L1-2 

(1.74±0.44 cm), and L4-5 (1.72±0.67 cm). This window is im-

portant during surgery as after docking on the bare window 

the psoas major muscle can be retracted giving larger access 

to the disc space. So the operative window is a combination of 

bare window and psoas major window. 

Figure 4. Bare window between 0 to 5 mm

Figure 5. Bare window more than 5 mm.

Table 5. Bare window subgroup analysis

Levels
Bare window ‘0’ mm Bare window 0 to 5 mm Bare window>5 mm

Male Female Total Male Female Total Male Female Total
L1-2 2 3 5 (2.78%) 4 2 6 (3.36%) 84 85 169 (93.89%)
L2-3 1 0 1 (0.56%) 7 1 8 (4.48%) 82 89 171 (95%)
L3-4 2 0 2 (1.12%) 7 4 11 (6.61%) 81 86 167 (92.78%)
L4-5 12 7 19 (10.56%) 17 18 35 (19.44%) 61 65 126 (70%)

of 1 cm as criteria, if the operative window of 1 cm is taken as 

criteria then OLIF can be performed after retracting the psoas 

up to the middle of the vertebral body. We divided the operative 

window into two groups depending on the width <1 cm and >1 
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Psoas major width in mid-frontal plane is maximum at L4-5 

(3.34±0.79 cm) followed by L3-4 (2.16±0.78 cm), L2-3 (1.30±0.61 

cm) and L1-2 (0.51±0.52 cm). Psoas major width was more in 

males than females at all levels with a significant difference 

(p-value<0.05) between males and females at all levels. Pso-

as major width in the mid-frontal plane signifies bulk and 

strength of muscle. This will decrease the width of the bare 

window and during surgery more retraction of psoas muscle 

will be required hence more pressure on the lumbosacral plex-

us may be exerted. 

The bare window is very important for initial docking for 

either the Jamshidi needle or the first dilator. If there is no bare 

window available between the major vessels and psoas major 

vessels, the OLIF procedure will become dangerous with an 

increased risk of vascular injuries. There is no definite objective 

measurement available in the literature as to the minimum 

bare window width required to perform this surgery safely. But 

arbitrary measurement given is 1 cm [6]. If we take 1cm as an 

arbitrary window required for performing the procedure then 

it will not be possible to perform OLIF at L45 in most of the In-

dian patients, as the average bare window measurement is 0.79 

cm at L45. So, we did a sub-analysis of bare window forming 

three groups. Group 1 with no space, Group 2 with 0 to 5 mm of 

space, and Group 3 with more than 5 mm space. The rationale 

being if there is no space or a bare window is ‘0 cm’ then OLIF 

cannot be performed. The rationale for using 5 mm as cut off 

limit is that majority of the systems available for OLIF have their 

primary dilator of 5 mm and if there is sufficient space available 

for the first dilator to engage then sequential dilators can be 

used for further widening the space with retraction of the psoas 

muscle. With this criterion used 10.56% of patients at L45, 1.12% 

patients at L34, 0.56% patients at L23, and 2.78% at L12 were in 

Group 1 where it is not feasible to perform OLIF procedure but 

in rest, there is sufficient bare window where OLIF can be per-

formed. 

We also tried to find out if instead of taking bare window as 

criteria if the operative window of 1 cm is taken as criteria then 

OLIF can be performed after retracting the psoas up to the mid-

dle of the vertebral body. Although the cage used for OLIF has 

no uniform standard and it differs according to the company, its 

width should be at least 1 cm [6]. Hence 1 cm was used so that 

the cage can be inserted safely after retracting the psoas muscle. 

In our study, we calculated operative windows >1 cm and <1 

cm. In our study we found operative window is <1 cm in 3.33%, 

0.55%, 0%, and 10.55% population at L1-2, L2-3, L3-4, and L4-5 

levels respectively. All patients have sufficient window at L3-4, 

and except one, rest all patients have sufficient window at L2-3. 

But 10.55% i.e. around 1 in every 10 people do not have suffi-

cient operative window at L4-5. 

We used an unpaired t-test to compare the difference be-

tween males and females. We found almost all windows at 

all levels are more in males than females except bare window 

which is more in females at all levels than males. At L1-2 

and L4-5 there was a significant difference (p-value<0.05) 

between males and females at the vascular window. At L2-3 

and L3-4, there was a significant difference (p-value<0.05) 

between males and females at the bare window, while at 

these same levels there was no significant difference for the 

vascular window. At all levels of psoas major window, there 

was a significant difference (p-value<0.05) between males 

and females. 

We compared our results with an imaging anatomical study 

by Liu et al. [6] on OLIF and found that 6.7% of people having 

operative window <1 cm [6] at L4-5 level whereas in our study 

10.55% of patients had operative window <1 cm. We also 

compared anatomical window at each level with this imaging 

anatomical study and found that in our study, bare window 

gradually decreases from L1-L5 both in males and females 

and minimum at L4-5 whereas in the study by Liu et al. [6] 

bare window from L1-L5 is maximum at L4-5. We also found 

that in our study bare window at all levels, females have a big-

ger bare window, compared to which in the study by Liu et al. 

[6] males have a larger bare window than females at all levels 

from L1 to L5. 

Comparing our result with the L2-S1 oblique corridor MRI 

study by Fung et al. [7] and L2-S1 oblique corridor cadaveric 

Table 6. Operative window subgroup analysis

Levels
Operative window>1 cm Operative window<1 cm

Males Females Total Males Females Total
L1-2 2 4 6 (3.33%) 88 86 174 (96.67%)
L2-3 1 0 1 (0.56%) 89 90 179 (99.44%)
L3-4 0 0 0 90 90 180 (100%)
L4-5 9 10 19 (10.56%) 81 80 161 (89.44%)
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study by Molinares et al. [17], we found that their oblique corri-

dor is similar to our bare window. We also found that in an MRI 

study by Fung et al. [7], their bare window is more in females 

than in males at L4-5 and L5-S1 while in our study bare window 

is more in females than males at all levels. Bare windows in a 

study by Molinares et al. [17] are decreasing gradually from L2-

L5 which is similar to our study and the rest of the findings are 

similar. In the cadaver study of Molinares et al. [17], we found 

similar results with our study except for their oblique corridor 

window of males are more than females, while in our study fe-

males have more bare windows than men, with the rest of the 

findings being similar. In the cadaveric study of Molinares et al. 

[17], values are slightly higher than our values possibly because 

the cadavers were soaked in formalin and had undergone pro-

tein coagulation and tissue retraction. In addition, the structur-

ally American population is taller and bulkier than the Indian 

population [6].  

In our study, the MRI was carried out in a supine position 

and not in a lateral position. Psoas retraction and a lateral decu-

bitus position are believed to increase the sizes of the corridors 

[7]. This means that the windows calculated in our study will be 

smaller but would increase if the study was repeated when the 

patient is positioned in a lateral position [18]. All aspects of sur-

gery would be easier in thin patients [19]. MIS-OLIF, for levels 

L2-L5, is a technique that has proven to have encouraging 

outcomes with good surgical results without major complica-

tions [20]. 

CONCLUSION 

Pre-operative lumbar spine axial MRI evaluation is essential 

to find out the appropriate selection of a patient for the OLIF 

procedure. The bare window to perform OLIF gradually de-

creases from L12 to L45 levels because of the widening of the 

psoas major window and vascular window from L12 to L45 

levels. In the majority of patients at L12, L23, and L34 there is 

adequate bare window and OLIF can be safely performed in 

these patients. In 10.56% of patients’ bare window for perform-

ing OLIF does not exist at L45 and OLIF may not be feasible in 

these patients. Indian females have bare windows larger than 

males at all levels. 
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INTRODUCTION 

Infectious spondylitis is estimated to affect 4–24 patients per 

million per year, with male:female ratio of 1.5:2.1. Contributing 

to 0.15%–5% of all osteomyelitis cases, until date, the treatment 

of infectious spondylitis is still very challenging in order to min-

imalize the mortality and morbidity of these patients [1,2]. 

Surgical intervention is needed in patients unresponsive to 

antibiotic treatments, those with spinal instability, neurological 

deficit, soft tissue abscess involvement, and significant spinal 

destruction. In order to ensure infection eradication, open sur-
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gery has been used more commonly. However it has been re-

lated to postoperative complications and morbidity, especially 

in immunocompromised and vulnerable patients [3,4].  

As a developing method in spine surgery, Minimally Invasive 

Spinal (MIS) Procedure has long been used for treating degen-

erative spinal disorders. However, over the years its usage has 

been extended for other pathologies. Unfortunately, its usage 

for infectious diseases of the spine has not been described a lot 

in literatures. Compared to traditional open surgery, MIS offers 

less duration of surgery, less muscular trauma, and shorter hos-

pital stay, making it a potential treatment method, especially in 



high-risk patients with infectious spondylitis [1]. 

Until now, there has not been any consensus thoroughly de-

scribing the difference between MIS and OS as the treatment 

for infectious spondylitis. Through this meta-analysis, we aim 

to objectively describe the efficacy of the two procedures in 

treating this pathology. 

MATERIALS AND METHODS 

The study design was a systematic review and meta-analysis 

of relevant comparative studies. A systematic search was con-

ducted from September 2020 to April 2021 to identify relevant 

studies through PubMed, Google Scholar, Cochrane, Medline, 

and EMBASE Database based on PRISMA guidelines (Figure 1). 

The keywords used were: “Minimally Invasive Spine Surgery” 

AND “Open Surgery” AND (“Spondylodiscitis” OR “Spine In-

fection” OR “Spondylitis”) AND “Efficacy”. 

Though there has been no strict definition of Minimally Inva-

sive Spine Surgery, but McAfee et al. (2010) [5] defined MIS as 

a surgical technique resulting in less tissue damage, decreased 

morbidity, and faster functional recovery than traditional open 

surgery, without differentiation in intended surgical goals, in 

which several terms are encompassed, such as “mini-open”, 

“tubular”, or “percutaneous”. 

Those studies were then manually scanned and reviewed 

by all authors according to the following inclusion criteria: 

(1) minimally invasive spinal surgery and open surgery were 

interventions under comparison; (2) the population included 

patients with infectious spondylodiscitis diagnosed through 

clinical, radiological, and/or laboratory studies, in thoraco-

lumbosacral location; (3) at least one of the following out-

comes was reported: hospital length of stay, blood loss, blood 

transfusion, operation time, neurological outcome, pain, com-

plication rate, recurrence rate, mortality rate, (4) the study was 

published in English, and (5) applied a randomized controlled 

trial (RCT) or cohort study design. The exclusion criteria were: 

(1) less than 2 years of follow up, (2) trauma, degenerative, and 

oncological pathology, (3) animal studies, (4) case reports or 

series, review articles, and noncomparative studies are also 

excluded. Table 1 presents the inclusion and exclusion criteria 

according to the PICO method (Population, Intervention, Com-

parison, and Outcome). 

Of all potential studies, critical appraisal was performed to 

assess the eligibility of those studies using a scoring system 

adapted from Joanna Briggs Institute (JBI), comprising 10 

aspects from the view of population, exposures, confounding 

factors, outcome, follow-up, and statistical analysis. From each 

included study, data related to patient and study characteristics 

(e.g. age, sex, level of pathology, causative organisms) and out-

comes were extracted and aggregated. Continuous variables — 

hospital stay, blood loss, blood transfusion, operation time — 

were compared in terms of weighted mean difference (WMD). 

Dichotomous variables — neurological improvements, com-

plication rate, recurrence rate, mortality rate — were assessed 

in terms of odds ratio (OR) and 95% confidence intervals (CI). 

Calculations were performed using Review Manager (RevMan) 

software (Version 5.3. Copenhagen: The Nordic Cochrane Cen-

tre, the Cochrane Collaboration, 2014). A fixed-effect model 

was used when heterogeneity (I2) was <50%, whereas a ran-

dom-effect model was used when it was >50%. 

RESULTS 

A total of four studies (301 patients) were included in the 

meta-analysis. All studies were of Level III evidence with co-

hort retrospective study design (Table 2). Critical appraisal of 

all studies based on the Joanna Briggs Institute Scoring System 

showed that none failed to meet more than four validity criteria 

(Figure 2).  

The sample size for MIS was 155 patients, while for OS was 
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Figure 1. Flow chart showing article selection based on PRISMA 
guidelines.
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146 patients. In both groups, biopsy, decompression, and fu-

sion were performed. The sample age ranges from the mean 

of 56.5–65.8 years old. Males were more commonly affected 

than females, in both MIS group (F:M=61:94) and OS group 

(F:M=56:90). Lumbar (L) was the most commonly affected re-

gion in MIS group (T:TL:L:LS=33:8:103:11) as well as OS group 

(T:TL:L:LS:S=34:3:100:8:1), followed by thoracal (T) region, 

lumbosacral (LS), thoracolumbar (TL), and sacral (S) region 

(Table 3). Pyogenic agent is a more common cause of spon-

dylitis, with S. aureus as the most commonly found organism 

(MIS:OS=31:38), followed by S. epidermidis (MIS:OS=19:21). 

No pathogen growth was found in 24 cases in MIS and 22 cases 

in OS group (Table 4). 

OS requires significantly longer hospital length of stay 

Table 1. PICO table describing inclusion and exclusion criteria

Study component Inclusion Exclusion
Population · Infectious spondylodiscitis diagnosed through clinical,  

radiological, and/or laboratory studies
· Less than 2 years of follow up

· Thoracolumbosacral location · Trauma, degenerative, and oncological pathology
· Animal studies

Intervention and Comparison · Minimally Invasive Spine (MIS) Surgery (with and without in-
strumentation) and Open Surgery (OS)

· All other treatments

· Non-surgical treatments
Outcome · Hospital length of stay · No outcome mentioned or different outcomes

· Blood loss
· Blood transfusion
· Operation Time
· Neurological Outcome
· Pain
· Complication Rate
· Recurrence Rate
· Mortality Rate

Publication · Primary research published in English in a peer-reviewed journal · Abstracts, editorials, letters
· Duplicate publications of the same study/cohort that 

do not report on different outcomes
· Conference presentations or proceedings

Design · Randomized controlled trials · Case reports or series
· Cohort studies · Review articles

PICO: population, intervention, comparison, and outcome.

Table 2. Studies included in the analysis

No. Reference Journal Study design Level of evidence
1. Lee et al. (2014) [6] The Spine Journal Cohort Retrospective Level III
2. Lin et al. (2014) [7] BMC Musculoskeletal Disorders Cohort Retrospective Level III
3. Viezens et al. (2017) [1] World Neurosurgery Cohort Retrospective Level III
4. Fu et al. (2019) [4] Journal of Clinical Medicine Cohort Retrospective Level III

Figure 2. Forest plot for hospital stay.
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(p=0.0009, I2=0%, MD=–6.64, Figure 3) and higher blood loss 

(p<0.00001, I2=40%, MD=–264.31, Figure 4) as well as more 

postoperative blood transfusion (p<0.00001, I2=0%, MD=–1.58, 

Figure 5). Moreover, MIS has benefit in significantly shorter op-

eration time (p<0.00001, I2= 46%, MD=–30.07, Figure 6) and less 

complication rate (p=0.0002, I2= 38%, MD=0.32, Figure 7). Some 

complications found are wound dehiscence, asymptomatic 

loosening, and transient paresthesia (Table 3). However, the two 

procedures do not differ significantly in terms of neurological 

improvement (p=0.37, I2=0%, MD=0.66, Figure 8), recurrence 

rate (p=0.02, MD=0.13, Figure 9), and mortality rate (p=0.28, 

I2=0%, MD=0.51, Figure 10). Postoperative pain after 7 days 

differs significantly between the two group (MIS:OS=2.8:3.5, 

p=0.03). Follow-up period ranges from 2–9 years (Table 5). 

In terms of infection control, some different parameters were 

taken into account by each author. A study by Lee et al. (2014) [6] 

measured it from the amount of recurrent infection and death 

from sepsis, while Lin et al. (2014) [7] used recurrent infection, 

intraoperative complications (e.g. wound infection, screw 

loosening), and recurrent fever with elevated infection markers 

as parameters. Viezens et al. (2017) [1] and Fu et al. (2019) [4] 

used wound complications needing repeated debridement and 

screw loosening as signs of poor infection control. From our 

systematic review, the infection control exhibited by MIS seems 

to be comparable, if not better, than the OS. 

DISCUSSION 

Though nonoperative treatment was effective in 90% of un-

complicated cases, surgical intervention is needed in those who 

failed conservative therapy, or those with neurological impair-

ments [4]. As a developing field in spine surgery, percutaneous 

endoscopic approach has been used more and more over the 

years, for the treatment of degenerative spine diseases as well 

as infectious spondylitis, especially for high-risk patients, elder-

ly, and critical or immunocompromised patients [4,5]. Figure 3. Critical appraisal of all studies included.

Figure 4. Forest plot for blood loss.

Figure 5. Forest plot for blood trans-
fusion.
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Figure 6. Forest plot for operation 
time.

Figure 7. Forest plot for complica-
tion rate.

Figure 8. Forest plot for neurologi-
cal improvement.

Figure 9. Forest plot for recurrence 
rate.

Figure 10. Forest plot for mortality 
rate.
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The techniques for performing Minimally Invasive Debride-

ment in infectious spondylitis varies in literatures. Fu et al. (j. 

Discectomy forceps were used to extract necrotic tissue, and 

irrigation was performed with normal saline. A drainage tube 

was inserted afterwards for several days postoperatively [4]. An-

other study by Viezens et al. (2017) [1] described percutaneous 

debridement and instrumentation with an additional posterior 

midline approach to achieve adequate laminotomy or lami-

nectomy with abscess drainage and disc resection. Anterior 

procedure was also performed afterwards using thoracoscopic 

approach for levels above L2 and using minimal access lum-

botomy with pararectal or lateral transpsoas approach (XLIF) 

for levels L2-S1 [1]. Lin et al. (2014) [7] in their study utilized 

two-staged procedure of anterolateral interbody fusion and de-

bridement, followed by percutaneous posterior pedicle screw 

fixation under intraoperative fluoroscopy guidance. Jamshidi 

needle was first inserted at the optimal entry point, followed 

by dilatation and pedicle preparation cannula. Rod guider was 

used for rod placement [8]. On the other hand, a study by Lee 

et al. (2014) [6] described slightly longer incision of 2–3 inch in 

anterolateral approach for thoracic spine lesions and retroperi-

toneal approach for lumbar spine lesions. Chest tube or Hemo-

vac drain was installed postoperatively [7].  

Even though minimally invasive percutaneous approach 

procedure resulted in comparable fusion rate and good early 

functional recovery, MIS also generally has lower positive cul-

ture rate (58%–90%). This is possibly caused by the advantage 

of OS in obtaining direct access to the infected area for de-

bridement and pus collection for further microbiology exam-

ination [6,9]. However, a study by Mao et al. (2019) [10] stated 

that despite its minimally invasive approach, PED can com-

pletely eliminate infected tissue, enhancing local blood flow, 

supporting antibiotic infiltration, and resulting in good clinical 

result. 

In a study by Yang et al. (2007) [11], percutaneous spine pro-

cedure via endoscope was proven to be satisfactory, however 

prolonged pain and pre-existed anterior vertebral body dam-

age caused postoperative immobilization for a long time, which 

could potentially lead to numerous complications. Thorough 

debridement and antibiotic therapy aid to eradicate the infec-

tion and control the progression of bony destruction, whereas 

the addition of instrumentation procedure is beneficial for 

early mobilization and reduction of kyphotic progression [3]. 

Technically, a study by Wu et al. (2020) [12] compares unilateral 

and bilateral percutaneous endoscopic debridement (PED) 

for lumbar spinal tuberculosis in 20 patients, concluded that 

unilateral PED is better than bilateral PED due to its shorter du-

ration of surgery and comparable postoperative inflammatory 

markers, VAS, ODI, and complication rate. 

Through the result of our study, MIS is proven to have signifi-

cantly shorter operation time compared to OS, supported by 

the fact that MIS needs shorter duration for paraspinal muscle 

preparation and wound closure by the end of surgery. On the 

other hand, fluoroscopy time is longer in MIS, due to the in-

crease of difficulty in visualizing spinal anatomical structure, 

especially when instrumentation is being performed. This 

counts as a disadvantage of MIS, as it prolongs the radiation 

exposure to the staff in operation room. However, these as-

pects are highly influenced by the learning curve and famil-

iarity of the operator towards minimally invasive spine pro-

cedures [1]. 

In terms of complication, MIS displays lower rate compared 

to OS. Some complications mentioned for MIS are transient 

paresthesia or numbness, local infection, local kyphosis, and 

reoperation [7,12,13]. On the other hand, traditional open sur-

gery has been associated with complications such as significant 

paraspinal soft tissue denervation, pleural effusion, diaphragm 

injury, and vascular injury (up to 15% with related mortality 

rate of 1%) [7,14]. To date, there have not been a lot of literatures 

mentioning surgical-related complications of PED for infec-

tious spondylitis. A study by Fu et al. (2013) [15] stated that PED 

showed good efficacy as well as diagnostic value with no sur-

gery-related complications in both uncomplicated and com-

plicated infectious spondylodiscitis [16]. However, this matter 

might require further studies with larger amount of samples 

to draw more accurate conclusions, considering PED could be 

related to some neurological complications in the treatment of 

degenerative disc disease, such as postoperative dysesthesia. 

Sairyo et al. (2014) [17] in their study stated that the incidence 

of exiting nerve injury reached up to 8.9% in transforaminal ap-

proach. This is due to the direct injury by a cannula (supported 

by the fact that the patients were in anesthesia and unaware 

when the nerve was injured), or due to the prolonged intra-

operative compression by cannula causing irritation of dorsal 

root ganglion (in which the leg dysesthesia typically occurs 

several days postoperatively) [15]. Other possible contributing 

factor to neurological problems in PED is the development of 

epidural or retroperitoneal hematoma, caused by possible in-

jury to adjacent arteries [17,18]. Intracranial hypertension was 

also described in literatures, leading to headache, seizure, even 

death. This could happen due to the administration of contrast 

media into thecal sac, combined with dural tear, continuous in-

fusion of fluid and medication. Therefore careful monitoring of 

perioperative symptoms and vital signs should always be per-
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formed, particularly the typical signs of seizures such as neck 

pain and increased intracranial or epidural pressure [15,17-

19]. Some measures can be performed in order to minimalize 

these possible complications, such as using local anesthesia in 

conscious patients, careful monitoring of working channel po-

sition, and practicing the familiarity of local anatomy as viewed 

through endoscope [14,19,20]. Regardless all the benefits and 

complications of PED, traditional open surgery should still be 

considered in advanced stage infectious spondylitis, multilevel 

pathology, severe spinal instability, presence of abscess, and 

large bony defects, where further spinal reconstruction will be 

necessary [4]. 

To our knowledge, this is the first meta-analysis to objectively 

compare the efficacy between MIS and OS for infectious spon-

dylitis. Another meta-analysis by Mao et al. (2019) [10] summa-

rized the efficacy of percutaneous endoscopic debridement for 

spinal infection, however it was noncomparative study using 

one-arm analysis. This study has several limitations: (1) All four 

studies included into the analysis were of Level III evidence; (2) 

Due to the limited number of available studies, it was decided 

to include debridement procedure with and without instru-

mentation. Second-step procedure was also included into the 

analysis. This may bias our results, however we have ensured 

that the difference of baseline characteristics was not significant 

between control and intervention groups; (3) Incision length 

of the minimally invasive procedure was not exactly the same 

in all literatures. However, in all studies, the MIS procedures 

were all less invasive compared to traditional OS. This study 

also has several advantages: (1) To our knowledge, it is the first 

meta-analysis to objectively compare MIS and OS for Infectious 

Spondylitis; (2) The heterogeneity of all eight forest plots were 

<50%, reflecting the representativeness of studies included into 

the analysis (3) Outcomes were thoroughly assessed, in terms 

of several outcome measures, aiming to show the different 

dimensions of infectious spondylitis therapy. It is hoped that 

this study could serve as an influential bridge to future research 

with larger sample sizes, as well as a clinical guideline for 

choosing surgical therapeutic approach for patients with infec-

tious spondylitis. 

CONCLUSION

Current systematic review and meta-analysis suggest that 

MIS offers comparable efficacy as well as less hospital length 

of stay, blood loss, operation time, and complication rate com-

pared to OS.
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Objective: To understand the etiology and solution for postoperative contralateral radiculopa-
thy following Minimally Invasive oblique Lumbar Interbody Fusion (MIS OLIF) performed in de-
generative lumbar spine disorders. There is lack of sufficient data on contralateral radiculopathy 
occurring after MIS OLIF. OLIF is an increasingly used procedure performed for degenerative 
lumbar spine disorders. So, it is important to understand the etiology and solution of potentially 
avoidable complication. 
Methods: Retrospective analysis of 74 consecutive patients with total 97 segments operated 
was done from May 2016 to December 2019 in whom minimal access oblique lumbar interbody 
fusion was carried out. All the perioperative complications were noted and patients with con-
tralateral radiculopathy were analyzed clinically and radiologically and etiology for this compli-
cation. All these patients followed up at 1, 3, 6 and 12 months postoperatively. 
Results: Contralateral radiculopathy was noted in 6 patients (8.1%). Four patients had only pain 
in opposite limb, 1 patient had partial sensory loss and 1 patient had partial motor loss in addi-
tion to pain. Direct decompression was performed in 3 patients whereas 3 patients were man-
aged conservatively. All the patients had complete resolution of pain at 3 months follow-up and 
there was partial motor and sensory recovery in affected patients. 
Conclusion: Contralateral radiculopathy is a potential complication of MIS OLIF. It can be 
avoided with proper execution of surgical steps especially during cage preparation and proper 
patient selection is an important key too. Management can be surgical or non-surgical depend-
ing upon the etiology of this complication (design of study: retrospective study). 

Key Words: Lumbar vertebra, Intervertebral disc degeneration, Spinal fusion, Minimally invasive 
oblique lumbar interbody fusion
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INTRODUCTION 

Lumbar interbody fusion is one of the most commonly per-

formed procedure to address degenerative lumbar spine dis-

orders. Various approaches have been described in literature. 

In past few years anterior and lateral approaches are becoming 

popular with various advantages like less blood loss, lesser 

bony resection and muscle damage, shorter hospital stay, 

avoidance of complications like dural leaks or nerve root inju-

ries; all in comparison to posterior approaches. Minimal access 

anterior retroperitoneal (anterior to psoas)/Minimally Invasive 

Oblique Lumbar Interbody Fusion (MIS OLIF) approach was 



first described in 1997 by Mayer [1]. 

It is an anterior to psoas approach so unlike LLIF (Lateral 

Lumbar Interbody Fusion) or transpsoas approach it has less 

chances of developing complications like anterior thigh pain, 

paraesthesia over thigh and groin region, hip flexor weakness; 

all associated with lumbar sympathetic plexus injury [2-5]. It 

has less chances of vascular injuries as compared to ALIF (An-

terior Lumbar Interbody Fusion). However, this approach does 

have several perioperative complications. Literature has de-

scribed its various complications including, vascular injuries, 

lower extremity symptoms like anterior thigh pain/weakness 

secondary to psoas muscle involvement, peritoneal breach and 

ileus [6-8]. 

However, there is limited data on developing contralateral 

radiculopathy with or without sensorimotor deficits after MIS 

OLIF or LLIF procedure. Zeng et al. [9] have described this 

complication in one patient in retrospective analysis of com-

plications following MIS OLIF in 235 patients. Kraiwattanap-

ong et al. [10] also have described this complication following 

oblique placement of the cage in MIS OLIF. Taher et al. [11] have 

described incidence of this complication in 7 patients in their 

series of 244 patients following LLIF. Papanastassiou et al. [12] 

have reported 2 patients with contralateral motor deficits after 

LLIF and Son et al. [13] described this complication in a case re-

port following LLIF secondary to oblique placement of the cage. 

The aim of this retrospective study was to analyse this com-

plication following MIS OLIF and to understand it’s underlying 

mechanism and thereby to infer possible ways to avoid it and 

raise awareness regarding this unusual complication. 

MATERIALS AND METHODS 

Retrospective analysis of 74 consecutive patients with total 97 

segments operated was done from May 2016 to December 2019 

in whom minimal access oblique lumbar interbody fusion was 

carried out. 

Inclusion criteria were failed conservative line of manage-

ment for low back pain with or without radicular pain and 

neurogenic claudication in lower limbs, which got relieved with 

rest. Clinically all the patients had neurogenic claudication, no 

rest pain; with or without back pain. On examination all the 

patients had negative SLR. Radiologically patients had changes 

of degenerative lumbar spine disease and instability up to Mey-

erding grade 2 on dynamic X-rays. MRI criteria was central and 

lateral lumbar canal stenosis up to Schizas grade C. Exclusion 

criteria were rest pain, infection, trauma, spondylolisthesis 

more than grade 3 and acute lumbar disc prolapse. 

Table 1 shows demographic characteristics, clinical and ra-

diological features of the patients included in the study. 

Clinical and neurological assessment of all the patients was 

done pre operatively and post operatively. Radiological analy-

sis was done using standardized plain AP & Lateral X-rays and 

MRI of lumbosacral spine. All the patients were operated from 

left side for OLIF. Autograft was used in 21 patients and artificial 

bone graft (hydroxyapatite crystals with bone marrow aspirate) 

was used in 53 patients. After cage insertion, fixation of the 

lumbar segment was done in the same stage. Posterior percu-

taneous fixation was done in 89 whereas anterior fixation was 

done in 8 segments. No direct decompression was done. Neu-

ro-monitoring was not carried out in any patient. Perioperative 

complications were noted and follow-up was done at 1, 3, and 

6 months and then at 1 year.  

Among perioperative complications, patients with contralat-

eral radiculopathy with or without sensorimotor deficits were 

specifically analyzed clinically as well as radiologically. 

Table 1. Demographic, clinical and radiological features of the 
patients included in study

Total patients/segments 74/97
Sex (male/female) 27/47
Average age (yr) 40–82; average 63
Average follow-up (mo) 16
Diagnosis
 Degenerative listhesis 50
 Disc degeneration 4
 Lytic listhesis 12
 Adjacent segment disease 8
Level of disease
 L1–2 4
 L2–3 5
 L3–4 35
 L4–5 52
 L5–S1 1
Levels of fusion
 One segment 51
 Two segments 20
 Three segments 3
Fixation
 Posterior percutaneous 89 segments
 Anterior percutaneous 8 segments
Schizas grade
 Grade A 16
 Grade B 31
 Grade C 48
 Grade D 2
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1. OLIF Procedure 

1) The patient was positioned in a true right lateral decubitus 

position. A 4- to 5-cm skin incision 3–4 cm anterior to the 

desired disc space after marking under IITV parallel to the 

fibers of the external oblique muscle was put. The approach 

was usually performed from the left side. 

2) The external oblique, internal oblique and transverse abdom-

inal muscles were then dissected along the direction of their 

fibers.  The retroperitoneal space was accessed by blunt dis-

section, and the peritoneal content was mobilized anteriorly. 

The psoas muscle and genitofemoral nerve were identified, 

and the intervertebral disc was exposed through an open 

corridor between the psoas muscle posteriorly and great ves-

sels anteriorly. 

3) First dilator was now put over the disc space at junction 

of anterior 1/3rd and posterior 2/3rd. K-wire was now in-

troduced through the first dilator into the disc space. First 

dilator was now slightly hammered into the disc space and 

checked under fluoroscopy. Now the K-wire was removed 

and serial dilators are introduced over the first dilator. Final 

tubular retractor was introduced and position checked under 

fluoroscopy. Once the final position was checked a distractor 

pin was used to retain the dilator in place. 

4) After making a portal, rectangular annulotomy was done by 

excising the annulus fibrosis. All the instruments which were 

now used to do discectomy were used by orthogonal maneu-

ver. The disc material including the cartilaginous endplate 

was excised sequentially, and the annulus fibrosis at the op-

posite side was released completely with caution using Cobb 

elevator under fluoroscopic viewing. The psoas muscle was 

automatically retracted temporally during the orthogonal 

maneuver. 

5) Cage size was determined by appropriate sizers, which were 

inserted into disc space and confirmed on IITV images. 

6) An appropriate-sized cage was filled with autologous bone 

graft from the iliac crest or synthetic bone substitute as re-

quired, and was inserted orthogonally in a press-fit fashion 

into the disc spaces. 

Upon completion of the anterior procedure, the patient was 

turned to the prone position, and supplemental posterior in-

strumentation was then placed percutaneously or fixation was 

done anteriorly. Compression was done. 

RESULTS 

Ninety-seven segments of 74 consecutive patients were oper-

ated with 19 of them male and 55 females. Average age was 63 

years. Minimum follow-up was for 4 months and maximum fol-

low-up was for 24 months with average of 14 months. Fifty-six 

patients had degenerative listhesis, 11 had lytic listhesis, and 7 

had adjacent segment disease. Single segment fusion was done 

in 54 patients, double level fusion done in 17 patients whereas 3 

segment fusion done in 3 patients. Average estimated duration 

for single segment cage placement was 40 minutes 

All perioperative complications were noted. Among them 

contralateral radiculopathy was present in 6 patients (8.1%). 

All the patients with contralateral radiculopathy were further 

evaluated clinically as well as by X-rays, CT scan and MRI. The 

characteristics of those patients have been described in Table 1. 

Symptomatically out of 6 patients, 4 patients presented with 

only radicular pain in the opposite limb without any sensory or 

motor deficits. One patient developed partial sensory deficits in 

addition to pain and one patient had motor as well as sensory 

deficits along with pain. Among all patients, only one patient 

had double level fusion done whereas rest of them underwent 

single level fusion. Two patients were managed conservatively 

whereas 4 patients underwent direct decompression. All the 

patients had complete resolution of pain at the follow up of 3 

months. The patient with sensory deficit had partial recovery 

of sensory symptoms. The patient who had motor deficit was 

advised surgery. However, we lost the patient to follow-up for 

3 months and when patient showed up for consultation, she 

had complete resolution of pain and partial recovery of motor 

weakness. 

DISCUSSION 

There is minimum literature available till now which dis-

cusses contralateral radiculopathy following Minimal access 

Oblique Lumbar Interbody Fusion (OLIF) in degenerative 

Lumbar spine disorders. As the application of this approach is 

gradually being used as means of indirect decompression in 

such disorders [14-17], it is imperative to understand the possi-

ble mechanisms and solutions to contralateral radiculopathy. 

However, this complication has been widely discussed when it 

occurs following TLIF [18-20]. In this series authors have ana-

lyzed all the patients with this complication clinico-radiologi-

cally. Also, the possible ways to avoid has been discussed. 

Out of total 6 patients (in the sequence as described in Table 

2), patient 1 had fracture of the posterior and superior endplate 

of L5 vertebra on opposite side and the cage position was also 

in posterior 1/3rd of the disc space (Figure 1). This might have 

occurred during disc preparation when Cobbs elevator is used 
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to break annulus on opposite side. If the instrument is not in 

parallel plane to the endplate and not completely orthogonal, 

the force to break the annulus can cause fracture of the end-

plate. In this patient, removal of the offending fragment was 

done. The patient was pain free at the follow-up of 3 months. 

In patient 2 with contralateral radiculopathy, there was motor 

deficit as well in form of EHL grade 3/5. In this patient, postop-

erative CT scan showed presence of osteophyte over superior 

facet of L5 on right side (Figure 2). This osteophyte compressed 

the nerve root while translational correction of the listhesis. It 

is important to get a pre-operative CT scan to evaluate the facet 

joints and find out whether there is bony compression by os-

teophytes. These osteophytes may impinge the nerve roots post 

operatively. This patient was advised surgery in form of direct 

decompression. However, we lost the patient to follow-up for 

3 months and when patient showed up for consultation, she 

had complete resolution of pain and partial recovery of motor 

weakness. Patient 3 with double level fusion who presented 

with contralateral radiculopathy had cage malposition at L4–5 

level (Figure 3). The cage was compressing on the exiting nerve 

root of L4 on right side. In this patient also direct decompres-

sion was done. The oblique position of the cage can be because 

of the inappropriate execution of the orthogonal maneuver. 

This patient had complete resolution of the pain. However, 

there was some persistent sensory paraesthesia. 

In all these three patients the cause of the contralateral ra-

diculopathy was inferred radiologically and could be solved 

with direct decompression of the involved nerve root. In rest 

of the three patients (patient 4, 5, 6), no definite cause could 

be established on imaging studies. Possible mechanism can 

be, stretching of the nerve root due to larger size cage leading 

to neuropraxia and thus leading to radicular pain or the cage 

preparation instruments which may overshoot the opposite 

side and produce opposite psoas irritation or hematoma giv-

ing rise to opposite side pain. Amongst these 3 patients, direct 

decompression was performed in one patient as there was 

no relief with the conservative management. Rest of the cases 

showed complete resolution of the symptoms with conserva-

tive management with average follow-up of 6 weeks. 

We also compared our results with other studies. In a study 

by Zeng et al. [9], they analyzed complications in 235 patients 

Table 2. Patients with contralateral radiculopathy

No. Age (yr) Level Clinical feature Etiology and radiology feature Management Follow up at 3 months
1 55 L4–5 Right L4 radicular pain L5 superior endplate fracture Direct decompression Full recovery
2 63 L4–5 Right EHL-3/5, Right L5 pain Direct compression with  

osteophyte
Conservative Complete recovery of pain. 

partial motor recovery
3 49 L3–4, L4–5 Right L4 radicular pain with 

partial sensory deficit
Cage malposition Direct decompression Full pain relief, partial 

sensory recovery
4 53 L4–5 Right L4 radicular pain Nerve root stretching Direct decompression Complete recovery
5 66 L3–4 Right L4 radicular pain Nerve root stretching Conservative Complete recovery
6 63 L4–5 Right L4 radicular pain Nerve root stretching Conservative Complete recovery

Figure 1. (A, B) CT scan and X-ray image showing fractured frag-
ment on postero-superior corner of L5 vertebra. (C) Per-operative 
image showing offending fragment (arrow) compressing the L4 
nerve root.

A B

C
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and found single case of contralateral radiculopathy (0.4%). 

It was secondary to abnormal cage position compressing the 

nerve root. The patient underwent revision surgery for proper 

placement of the cage. Kraiwattanapong et al. [10] described 

a case report of this complication. It was again because of the 

oblique and more posterior placement of the cage leading to 

contralateral neve root compression. Improper docking and 

orthogonal maneuver was the cause of oblique cage place-

ment. The authors did revision surgery and repositioned the 

cage. Taher et al. [11] analyzed 244 patients of LLIF and found 

out the incidence of this complication to be 2.9% (7 patients) 

in their series. All these patients had motor deficits apart from 

contralateral radicular pain. On follow-up, 3 patients had com-

plete resolution of the symptoms, 3 patients had residual deficit 

and 1 patient was lost to follow-up. Authors have elaborated 

the possible mechanisms leading to this complication. One of 

them is neuropraxia secondary to larger size of cage placement 

leading to nerve root stretching. Also, translational correction 

of spondylolisthesis can cause entrapment of the nerve root 

in foramen. Cage malposition and contralateral nerve plexus 

injury while breaking opposite annulus are other important 

mechanisms. 

From these observations, we can infer some guidelines to 

avoid this complication which are: Docking at junction of 

anterior 1/3rd and posterior 2/3rd of disc space, proper exe-

cution of the orthogonal maneuver so that cage can be placed 

horizontally, one should be careful from pushing the cage too 

much onto the opposite side. Also, while cage preparation, we 

must keep all the instruments (viz: shavers, cobbs elevators) 

parallel to the endplate especially in osteoporotic patients to 

avoid its fracture. Patients who have listhesis with large facet 

joint osteophyte can be considered a relative contraindication 

as translational correction of the listhesis can lead to impinge-

ment by osteophyte over the nerve root. To avoid oversized 

cage placement, adjacent segment disc height can be taken as 

reference for the selection of the cage size. Cage position has to 

be in anterior 1/3rd as posterior position of cage with less or-

thogonal maneuver can compress opposite nerve root. 

Another important aspect of this complication is learning 

curve of this procedure. This complication was observed 

amongst initial 40 patients. We haven’t observed this compli-

cation in last 34 patients. So, with increasing experience for this 

procedure, technical improvement can avoid this complication. 

CONCLUSION 

Contralateral radiculopathy is a potential complication of 

MIS OLIF. It can be avoided with proper execution of of surgi-

Figure 2. (A, B) Pre-operative images showing Grade 1 listhesis at L4–5 with axial MRI showing subluxated facet joints with foraminal 
stenosis. (C, D) Post-operative X-ray and MRI showing well positioned cage and pedicle screws. (E) Post-operative CT scan shows facetal 
osteophyte causing impingement on the foramen.

Figure 3. Post-operative axial MRI showing Oblique placement of 
the cage causing impingement of the nerve root on the opposite 
side.
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cal steps especially during cage preparation and also proper 

patient selection is an important key too. Management can be 

surgical or non surgical depending upon the etiology of this 

complication. 
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Objective: Syringomyelia is a rare neurosurgical condition that could benefit from insertion of a 
syringopleural shunt in selected symptomatic cases. Treatment of syringomyelia through mini-
mally invasive intervention is an attractive alternative to open approach. The objective of this 
report is to demonstrate the technical aspect, assess the feasibility, outcomes, and complica-
tions of syringopleural shunt insertion through minimally invasive surgical (MIS) approach. 
Methods: Single-center retrospective chart review was done on patients with syringomyelia 
who underwent insertion of syringopleural shunts using the Metrx QuadrantTM retractor system 
from January 1, 2008 to April 1, 2020. A technical report of the steps of the surgical interven-
tion is also described. 
Results: Ten procedures were performed on 9 patients with a mean follow-up of 7.2 years. The 
etiologies of syringomyelia included post-traumatic, Chiari malformation, idiopathic, and dias-
tematomyelia. All patients underwent correction of underlying etiologies prior to insertion of 
syringopleural shunts. Six patients (67%) had sustained neurological improvement, and 3 (33%) 
had halted progression of myelopathy. One patient was admitted for urgent removal of newly 
inserted syringopleural shunt due to immediate postoperative neurological decline and subse-
quently returned to their neurological baseline. The remaining eight patients were discharged 
on the same day of surgery. 
Conclusion: Minimally invasive techniques have not been widely utilized in the treatment of 
syringomyelia. Our case series presents a novel, minimally invasive technique for the insertion of 
a syringopleural shunt, with reduced hospital stay and durable outcomes. Further, our series 
demonstrates that this technique is feasible and safe in appropriately selected patients. 
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INTRODUCTION 

Syringomyelia is a condition characterized by the presence of 

an abnormal fluid-filled cavity (syrinx) within the spinal cord. 

It affects mainly children and young adults with prevalence 

estimated at be 8.4 to 90 per 100,000 [1-4]. Syringomyelia can 



be found at any anatomical locations from the high cervical 

spinal cord to the conus medullaris. Etiologies include Chiari 

malformation, trauma, neoplasm, and arachnoiditis; however, 

in several cases, it is idiopathic [5]. 

The natural progression of syringomyelia is slow in the ma-

jority of cases and about 50% of patients show no progression 

over 10 years in some series, therefore, it is frequently conser-

vatively managed, particularly in asymptomatic patients [6,7]. 

Surgical treatment is warranted in patients presenting with 

progressive myelopathy. Symptomatic patients typically pres-

ent with segmental pain and dissociated sensory loss often in 

the well-described “cape” distribution, followed by progressive 

asymmetrical weakness [8]. Other signs and symptoms may in-

clude asymmetrical deep tendon reflexes, hyperhidrosis, auto-

nomic dysreflexia, Horner’s syndrome, dysphagia, central sleep 

dysfunction, and cardiorespiratory dysfunction [9]. 

Syringomyelia can be treated by correcting the underlying 

etiology or through direct drainage and shunting into the peri-

toneal, pleural, or subarachnoid spaces [9]. Syringoperitoneal 

shunts allow easy absorption of cerebrospinal fluid (CSF); 

however, they are technically more difficult to perform as they 

require the patient to be in the lateral decubitus position. On 

the other hand, syringopleural shunts are a good option when 

the patient’s pulmonary reserve is adequate [10]. 

Traditional open approaches to shunting of syringomyelia 

require subperiosteal stripping of the paraspinal musculature, 

which is associated with postoperative pain, hospital admis-

sion, and slow mobilization, as well as increased difficulties 

with wound healing [11-13]. Thus, minimally invasive surgical 

(MIS) approaches to treating syringomyelia are attractive al-

ternatives to open approaches. Several reports have described 

MIS technique for insertion of syringosubarachnoid shunts [14-

16], however reports on syringopleural shunts are scarce. Here, 

we report our experience for MIS insertion of syringopleural 

shunts, and discuss other reported experiences of MIS syringo-

pleural shunting in literature [17,18]. 

METHODS AND MATERIALS 

1. Patient Selection 

We conducted a single-center retrospective chart review 

on patients with syringomyelia who were treated with a novel 

MIS approach for insertion of syringopleural shunts using the 

METRx® QuadrantTM retractor system (Medtronic, Memphis, 

TN) from January 1, 2008 to April 1, 2020. All the operations 

were performed by the senior author after correction of under-

lying etiologies. Patients’ characteristics, baseline preoperative 

symptoms, neurological outcomes and follow up are reported. 

2. Ethics Approval 

Approval from the institutional research ethics board was 

obtained (IRB number 1506). Due to the retrospective nature of 

the study, formal consent was not required. 

3. Illustrative Case and Surgical Technique 

A 30-year-old man was referred to the neurosurgery service 

with a 3-month history of progressive numbness in the right 

side of his neck along with paresthesia in the right hand and 

burning sensations in the right arm. His past medical history 

was significant for an ASIA-A spinal cord injury following a mo-

tor vehicle accident 13 years prior at the level of T6, for which 

he had a thoracic decompression and instrumented fusion. 

Two years after the initial trauma, he had a syringo- subarach-

noid shunt placed at the level of T10 for the treatment of symp-

tomatic post-traumatic syringomyelia. When he presented with 

new, right arm sensory disturbances, the physical exam was 

significant for paraplegia, and right-sided sensory impairment 

to light touch which extended to the level of C3. MRI of the 

spine revealed the syrinx had enlarged compared to the previ-

ous images (Figure 1A, B). 

Given the progressive neurological decline, the patient ac-

cepted to proceed with surgical intervention which involved 

the insertion of a syringopleural shunt at the level of T5, which 

was the point of the maximal diameter of the syrinx. During the 

procedure, lateral fluoroscopy was used to guide the placement 

of a Kirschner wire on the T5 lamina. A series of dilators were 

used with sequentially increasing size until a 22 mm dilator size 

was reached. This was followed by the placement of a 22 mm 

METRx® QuadrantTM retractor (Medtronic). Under the micro-

scope, we performed a hemilaminectomy to expose the dura 

(Figure 2A). We then performed a midline durotomy (Figure 

2B), and subsequently a dorsolateral myelotomy where the syr-

inx came closest to the pial surface. The proximal end of a lum-

boperitoneal shunt tubing (Medtronic; barium impregnated) 

was inserted into the syrinx. The tubing was secured in place 

with the help of a double-ended 6-0 Prolene® suture (Ethicon) 

through the dural edges (Figure 2C) using a Castroviejo nee-

dle holder and a knot pusher. With satisfactory position of the 

proximal catheter, the dura was closed in a water-tight fashion 

(Figure 2D). A tissue sealant (e.g., DuraSealTM) was used at this 

stage to reinforce the dural closure. The QuadrantTM retractor 
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Figure 1. T2-weighted MRI of the spine. Pre-operative: (A) sagittal and (B) axial images of the spine demonstrating the thoracic syrinx. 
Cross-section of T6 is shown to demonstrate the approximate area of maximal syrinx diameter. Six months post syringo-pleural shunt 
insertion: (C) sagittal and (D) axial images of the spine showing the syrinx has collapsed in comparison to the preoperative images.

Figure 2. Selected intraoperative images of inserting the syringopleural shunt. (A) Dura was exposed after subperiosteal dissection of 
paraspinal muscle and a hemilaminectomy at the planned level. (B) A midline durotomy was performed. (C) After inserting the proximal 
end of the syringopleural shunt into the syrinx cavity, the proximal tube was secured in place with a double-ended 6-0 Prolene® suture 
through dura edges. (D) Dura was closed primarily under the microscope in a water-tight fashion.
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was then removed gently after ensuring adequate hemostasis, 

without dislodging the tubing. 

A small incision was made over a nearby rib below the hemi-

laminectomy and a small amount of the superior edge of the rib 

was removed in an effort to avoid damaging the neurovascular 

bundle which is located at the inferior aspect of each rib. The 

pleura was exposed under the microscope, and the tubing was 

then tunneled into the pleural cavity subcutaneously. Through 

this procedure, no intraoperative abnormalities were seen and 

no complications occurred (Figure 2). 

Postoperatively the patient’s sensory impairment improved 

gradually. He presented to the emergency department two days 

post-discharge due to a headache with nausea and vomiting. 

This was thought to be related to a transient change in intracra-

nial pressure after the insertion of a syringopleural shunt. The 

headache improved with conservative management and did 

not require hospitalization. He sustained no other postopera-

tive complications nor neurological decline to date. A follow-up 

MRI of the spine done 6 months postoperatively showed a 

significant decline in the size of the syrinx (Figure 1C, D). He re-

mained neurologically unchanged during his follow up period. 

RESULTS 

1. Institutional Cohort 

Through our retrospective chart review, we identified a total 

of ten procedures performed in nine patients (mean age: 52.3; 

4 females, 5 males) by the senior author (Table 1). Etiologies of 

syringomyelia included post-traumatic, Chiari malformation, 

idiopathic, and diastematomyelia. All patients underwent 

correction of underlying etiologies prior to insertion of syringo-

pleural shunts. Patients with Chiari malformation underwent 

foramen magnum decompression and subsequent magnetic 

resonance imaging (MRI) demonstrating patency of CSF flow 

at the foramen magnum, prior to being considered for insertion 

of syringopleural shunts. 

The mean follow-up duration was 7.2 years (range 2.1–12.0 

years). In this follow-up period, six patients (67%) improved 

neurologically (cases 1–6), one requiring a shunt revision after 

two years (case 6). The remaining three patients (33%) had halt-

ed progression of myelopathy (cases 7–9), one of which under-

went an MIS syringopleural shunt revision due to the multilob-

ulated nature and recurrence of their syrinx over time (case 7). 

Seven patients (78%) did not have any perioperative com-

plications (cases 1–4, 6, 7, 9). One patient sustained a major 

complication (case 8). This patient had immediate postopera-

tive flaccid paralysis in the lower extremities requiring urgent 

removal of the shunt, which was done after hematomyelia and 

epidural hematoma were ruled out with an urgent MRI. Sub-

sequent follow up MRI did not reveal evidence of cord edema 

or infarct. The patient had immediate motor improvement 

after the shunt removal and slowly returned to his neurological 

baseline. The fact that this patient regained his motor power 

immediate after shunt removal suggest possible mechanical 

compression by the shunt as the cord was thin and perhaps 

Table 1. Patient characteristics

Case No. Sex Age (yr) Etiology Location Presenting symptoms Postoperative status Follow-up (yr)
1 F 61 Diastematomyelia L3–4 Left anterior thigh pain, leg weak-

ness
Improved 9.2

2 M 66 Idiopathic T11–12 Bilateral leg weakness Improved 3.3
3 M 72 Idiopathic T6–8 Bilateral intrinsic hand weakness, 

ataxic gait
Improved 8.0

4 F 51 Idiopathic T9–10 Bilateral leg weakness Improved 7.7
5a M 30 Trauma T5–6 Right-sided neck and arm numb-

ness/paresthesia
Improved 6.9

6 F 40 Chiari malformation C2–4 Headache, leg pain, ataxic gait Improved, then required SP shunt 
revision two years later

3.6

7b M 32 Chiari malformation Holo-cord Worsening upper limb weakness Halted progression of myelopathy 12.0
34 Worsening upper limb weakness Improved to baseline after shunt 

revision
10.8

8 M 66 Idiopathic T5–6 Quadriparesis, sensory deficit (C8 on 
right, T6 on left)

Declined immediately after shunt 
insertion, returned to baseline af-
ter shunt removal

2.1

9 F 53 Chiari malformation T2–6 Bilateral upper extremity paresthesia Halted progression of myelopathy 11.7
a)Illustrative case.
b)This patient had two prior open syringopleural shunts placed.
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susceptible to even minor compression. Another patient pre-

sented to the emergency department two days post-discharge 

with a headache without CSF leak (case 5). His headache 

quickly resolved with conservative management and did not 

require hospital admission. Regarding disposition, eight pa-

tients (89%) were discharged home on the day of surgery (4–6 

hours postoperatively) with appropriate pain control (cases 

1–7, 9). The only patient who was not discharged on the same 

day was the patient who sustained an immediate postoperative 

complication (case 8). In all cases, there was no perioperative 

mortality, pulmonary edema, pulmonary embolism, CSF leak, 

wound infection, or deep vein thrombosis. 

DISCUSSION 

Traditional open syringomyelia shunting procedures often 

involve a midline incision, bilateral muscle dissection, and 

a laminectomy to access the syrinx [19]. This often entails a 

hospital admission for pain control and up to 24 hours of bed 

rest to prevent CSF leak. We adapted the MIS technique in the 

hopes of minimizing postoperative pain control and length of 

hospital stay, and experienced preliminary success in MIS sy-

ringopleural shunts in nine patients with a mean follow up of 7.2 

years. 

There has been an increasing number of reports on MIS in 

the treatment of intradural pathologies in the past decade [20]. 

Our group has previously described the use of MIS with tubular 

retractors to remove both intra- and extra-dural neoplasms as 

well as for foramen magnum decompression [21,22]. Tredway 

et al. [23] presented a series of 3 patients in whom they used 

an MIS approach for the treatment of tethered cord syndrome. 

Gandhi and German [14] reported 27 MIS procedures in the 

treatment of a variety of intradural pathologies, including on-

cology cases, arachnoid cysts, and syrinx. 

Compared to that of syringosubarachnoid shunts [14-16], 

MIS techniques have been less utilized in the placement of sy-

ringopleural shunts. Two other studies were found in literature 

to date which utilised MIS approaches for the insertion of syrin-

gopleural shunts. A study by Bonatti and Kurtom [17] reported 

three cases (in two patients) of thoracoscopic assisted place-

ment of the distal end of the catheter, which was generally well 

tolerated, with one patient showing immediate postoperative 

improvement, and the other showing cessation of disease pro-

gression after a redo procedure. Guest et al. [18] reported seven 

cases of a percutaneous endoscopic approach for placement of 

the syringopleural or cystoperitoneal shunts. In their series, five 

of the patients underwent syringopleural shunting with distal 

endoscopic assistance and all improved postoperatively. Three 

patients underwent conversion to open laminectomy for the 

placement of the proximal catheter due to failure to identify the 

arachnoid plane. In comparison, our series showed a durable 

benefit in a larger number of patients who underwent inser-

tion of syringopleural shunts utilizing QuadrantTM retractors 

under the microscope, without having to convert to an open 

approach. 

All patients in our series presented with symptoms of my-

elopathy attributed to the syrinx. Additionally, all patients un-

derwent correction of underlying etiologies before shunting the 

syrinx, such as Chiari decompression and stabilization of trau-

matic fractures. After insertion of syringopleural shunts, a sus-

tained neurological improvement was seen in 67% of patients. 

This rate of improvement is in line with the existing literature 

on outcomes from syringopleural shunting. Case series from 

1987 onward involving open syringopleural shunting proce-

dures have reported a rate of neurological improvement rang-

ing from 28.6% to 81% with variable lengths of follow-up [10,24-

26]. For example, in a case series by Sgouros and Williams [10] 

involving 56 syringopleural shunting procedures, sustained 

neurologic improvement was seen in 53.5%. In a more recent 

2012 case series consisting of 44 patients, 81.8% sustained neu-

rologic improvement through a follow-up ranging from 1.5 to 

17 years [25]. 

Studies on open procedures for syringopleural shunting re-

port a variety of complications including intracranial hypoten-

sion, symptomatic pleural effusion, pneumothorax, infection, 

shunt malfunction, shunt migration and others [25-31]. In this 

study, all patients underwent the planned procedure without 

the need to convert to open. Additionally, all patients under-

went primary dural closure and no postoperative CSF leaks 

occurred that required intervention. Two patients (22%) devel-

oped postoperative complications, one of which was serious. 

In a relatively large series, which consisted of 44 patients, Isik 

et al. [25] reported a complication rate of 31.8%. These com-

plications included one count of symptomatic pleural effusion 

and one count of late postoperative low-pressure headache. 

Another large series consisting of 56 patients who underwent 

syringopleural shunting reported a complication rate of 26.7%, 

which included three cases of shunt blockage, one case of 

shunt migration causing low-pressure headache, and one case 

of an alveolar fistula [10]. Therefore, notwithstanding the limit-

ed cases in our series, the 22% overall complication rate in our 

study is comparable to that of the complication rates in series 

with open procedures. 

This study is limited by the small patient number and its 
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retrospective nature. Moreover, as this was a retrospective de-

sign, the consistent use of a validated outcome measure tool is 

lacking with possible introduction of information bias. Howev-

er, our data suggest that this MIS approach for syringopleural 

shunting can have similar efficacy and complication rates to 

that of traditional open procedures while sustaining the poten-

tial benefits of MIS, including less postoperative pain and short-

er hospital stay. This is evidenced by well- same-day discharge 

in all but one patient. Thus, this report warrants further studies 

tolerated assessing the potential benefits of this MIS technique 

for syringopleural shunting. 

CONCLUSIONS 

MIS technique for syringopleural shunting is feasible in ap-

propriately selected patients. Future work is required to com-

prehensively compare this approach to other MIS and open 

techniques for syringopleural shunting. 
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INTRODUCTION 

Most of the osteoporotic vertebral fractures heal well with 

conservative management with rest and bracing [1]. However 
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in some patients the fracture healing is impaired which leads 

to progressive vertebral collapse, fracture non union and spinal 

cord compression. These fractures if not treated aggressively 

will lead to significant neurologic deficit and non-ambulatory 



status [2-4]. Several mechanical factors come into consider-

ation that eventually leads to impingement of neural structures 

causing devastating neurological compromise [5-7]. Identifying 

the risk factors for progression at presentation is important. 

The surgical options in these patients with neurological deficits 

include vertebral column resection (anterior/posterior) and 

stabilization. Charlson comorbidity index has shown these 

patients with advanced age are at risk of prolonged hospital 

stay and postoperative morbidity with an extensive surgical 

procedure [8]. Vertebroplasty has shown encouraging results in 

painful osteoporotic vertebral fractures but has limited role in 

patients with neurologic deficit. 

The purpose of this study is to evaluate the instability signs 

of osteoporotic compression fractures with neurodeficit and 

quantify them as an instability score. We also evaluated the ef-

ficacy of minimally invasive stabilization and vertebroplasty in 

these patients. 

MATERALS AND METHODS 

Between January 2016 and December 2019, thirty patients 

with thoracolumbar osteoporotic fractures with neurodeficit 

who underwent minimally invasive percutaneous stabilization 

(MIPS) combined with percutaneous vertebroplasty (PVP) 

with or without localized midline decompression. Electronic 

medical records of these patients were evaluated after approval 

from the ethical committee (IRB No: KDA01276). Charlson co-

morbidity index was used to assess the medical risk for a more 

extensive surgery. All patients were evaluated by computed to-

mography (CT), magnetic resonance imaging (MRI) and plain 

radiographs to determine the morphology of the fracture. 

Table 1. Patient demographics and clinical data

Sr. No. Age (yr) Sex Charlson comorbity index Level ASIA grade Preop ASIA grade at 3 mo Preop VAS for back pain Postop VAS score
1 70 F 4 #D10 C E 9 3
2 84 F 5 #D12 C E 8 3
3 61 F 3 #D12 D E 8 2
4 78 F 4 #D12 C D 7 2
5 77 F 5 #D12 D E 8 2
6 72 F 5 #D12 C E 8 4
7 61 F 2 #D9 D E 9 2
8 62 F 2 #L1 D E 8 3
9 63 F 2 #L1 D E 9 3
10 64 F 2 #L2 D E 8 1
11 65 F 2 #D12 C E 8 5
12 80 M 4 #D12 D E 7 3
13 81 M 3 #D12 C E 9 0
14 74 M 3 #L1 D E 9 1
15 75 F 4 #L1 C E 10 4
16 75 M 4 #L4 C E 10 1
17 74 F 4 #L2 B D 10 4
18 81 M 5 #L1 D E 9 2
19 68 F 4 #L2 D E 10 0
20 74 F 4 #D12 D E 9 0
21 67 F 3 #D12 B D 10 4
22 67 F 2 #L1 C E 10 1
23 75 M 4 #L1 D E 10 0
24 75 F 4 #L1 B D 9 2
25 82 M 5 #D12 C E 9 0
26 65 M 2 #L1 B D 9 3
27 67 F 3 #L2 D E 10 0
28 69 M 4 #L3 D E 10 3
29 66 M 3 #L1 D E 10 0
30 68 M 3 #L1 D E 10 0
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1. Patient Demographics and Clinical Data (Table 1) 

Clinical evaluation was done using VAS (visual analogue 

scale), and ASIA score done pre operatively, immediate post 

operatively, at 3 and 12 months. All patients were non ambu-

latory due to severe pain and neurologic impairment. They 

had bone mineral density (BMD) of more than 2.5 SD below 

the young adult mean (–2.5 SD or lower). Patients less than 65 

years in age, patients with pathological fracture, osteomyelitis 

and patients with normal T score for BMD were excluded from 

the study. 

2. Pre-operative Risk Factor Scoring 

Extensive literature search was done to find out factors that 

predict worsening in osteoporotic fractures. Authors found sev-

en important factors that need to be observed in these patients. 

All patients were evaluated before the surgery by plain radio-

graphs, CT and MRI to determine the presence of these risk 

factors. A score of 1 was given for the presence of each of these 

parameters. After surgery the patients had serial radiographs to 

assess alignment, screw loosening and implant failure. 

1) Incomplete Burst Fractures 
Patients who had middle column involvement at presenta-

tion. These patients have a tendency to progress to non union 

and collapse of the vertebral body leading to spinal canal com-

pression [3,7,9,10]. 

2) Vacuum Sign 
The condition of affected vertebrae was evaluated for the 

intravertebral air or intervertebral fluid or both. Intraverterbal 

fluid was area of hypointensity on the T1 weighted images and 

hyperintensity on T2 weighted images on MRI. Intervertebral 

air was area of hypointensity on T1 and T2 weighted images 

[11-14].  

3) Local Kyphosis 
Was calculated on the Cobb angle between the cranial end 

plate of vertebra just proximal to the fracture and the caudal 

endplate of the vertebra just distal to the fractured vertebrae on 

lateral plain X-ray films [3,7,15]. 

4) Retropulsion/Spinal Canal Encroachment 
Migration of the posterior vertebral elements into the spinal 

canal was categorized as retropulsion of the vertebral body 

[2,3,9]. Retropulsion further progressed to spinal canal en-

croachment. This was measured as ratio of the sagittal diam-

eter of the bony fragments into the spinal canal to the sagittal 

diameter of the spinal canal at one level proximal to the frac-

tured vertebrae. Greater than 25% was regarded as significant 

compression leading varying degree of neurologic deficits [3,6]. 

5) Posterior Ligament Injury 
Involvement of the posterior interspinous ligaments at ini-

tial injury or gradual failure of the posterior ligaments with 

progressive kyphosis was regarded as tri column involvement. 

Injury to these structures can lead to progession of deformity [9]. 

Posterior ligamentous injury was assessed from CT as widening 

of spinous processes or on MRI from edema of the interspinous 

ligament. 

6) Multiple Wedge Compression Fractures 
More than one compression fractures was included as a risk 

factor. This results in increase in deformity with worsening 

neurology. 

7) Anterior Vertebral Height Loss >50% 
The anterior vertebral height of the fractured vertebrae was 

compared to the normal vertebrae above. This leads to wors-

ening sagittal profile. The height restored after surgery was also 

measured [16]. 

The spinal instability was calculated by adding these seven 

radiographic parameters with a score of one given for presence 

of each risk sign. These patients had 3 or more risk factors seen 

radiologically at presentation. Hence authors of this study 

considered a score of 3 or more as an unstable for this group of 

patients. Total score was divided into two categories of stability: 

stable (0–2) and unstable (≥3) (Table 2). 

3. Surgical Technique (Figure 1) 

Patient is postioned prone on bolsters. This leads to partial 

Table 2. Risk factors for osteoporotic vertebral fractures

Serial No. Spine at risk sign Score
1 Incomplete burst fractures (middle column in-

volvement)l
1

2 Vacuum sign 1
3 Local kyphosis of more than 20 degrees 1
4 Retropulsion/spinal canal encroachment of more 

than 25%
1

5 Posterior ligament injury 1
6 Multiple wedge compression fractures 1
7 Anterior vertebral height loss of >50% 1
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correction of kyphosis and restoration of anterior vertebral 

height. At first the pedicles of the affected segment were iden-

tified and skin was marked. The entry points for the percuta-

neous guide wires were made based on the C arm. Jamshedi 

needles were passed in to the pedicle after the position was 

confirmed on the image intensifier. Percutaneous screws were 

passed one level above and one level below the fracture over 

guide wire. In patients with higher angle of kyphosis screws 

were placed 2 levels above and below the fracture. In patients 

with severe osteoporosis they were augmented with bone ce-

ment. Two vertebroplasty needles were also passed in the frac-

tured vertebra (Biportal Vertebroplasty). Position confirmed 

and about 4–6 mL of vertebroplasty cement was injected under 

fluoroscopy until cement reached the posterior 1/3rd of the 

vertebral body. Once the position of the cement was confirmed 

midline decompression was done at the level of retropulsion 

if necessary. In the current series midline decompression was 

done in 6 patients who retropulsion and canal encroachment of 

>50%. Midline incision was taken, paraspinal muscles retracted 

to expose the lamina. Partial laminectomy and decompression 

was done. When we stabilize and correct the kyphosis with rods 

the retropulsion decreases resulting in indirect decompression. 

The patients were mobilized on post-operative day one with 

braces in presence of physiotherapist.  

4. Clinical and Radiological Evaluation (Table 3)

The clinical and radiological evaluation were done pre oper-

ative, immediate post operative, 3 months and 1 year after sur-

gery. The severity of the neurologic deficits was assessed using 

ASIA (American spinal injury Association) impairment scale. 

The pain intensity was recorded using the visual analogue scale 

(VAS). Focal kyphosis, vertebral body height and hardware 

loosening or implant failure were assessed at follow up. 

5. Statistical Analysis 

Comparison of pre and post-operative measurements was 

performed using t-test for independent samples. Statistically 

significant differences were defined at a 95% confidence level. 

The values were given as mean±SD. The SPSS software was 

used for statistical evaluation. 

RESULTS 

1. Clinical Outcome and Radiological Outcome 
(Figure 2, 3) 

Electronic medical records of a total of 30 patients were eval-

uated clinically and radiologically. The most common level 

A B

C

D

27mm

27mm

10mm

25mm

22°

3°

Figure 1. A 78-year-old wheelchair bound female with ASIA C neurology. (A, B) Vaccum sign+, local kyphosis of 24°, anterior vertebral 
height loss of >50%, retropulsion and spinal canal encroachment 7>25% (instability score 4). (C) Guide wires and biportal vetebroplas-
ty needles placed. (D) Vertebroplasty and minimally invasive stabilization with cement augmented percutaneous pedicular screws.
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involved was D12 followed by L1. These patients had failed 

average conservative trial of 9 weeks (range, 8–14 weeks) before 

they presented to us with neurodeficit. There were 11 men and 

19 women with a mean age of 71 years (range, 61–89 years). The 

average Charlson comorbidity index was 4 (range, 2–5). The av-

erage duration of surgery was 130 minutes (110– 180 minutes) 

and the mean blood loss was 80 mL (range, 60–300 mL). Single 

level (one above and one below) minimally invasive stabiliza-

tion was done in 26 patients while two levels (2 above and 2 

below) were done in 4 patients with higher degree of kyphosis. 

In 6 patients cement augmented pedicle screws were used to 

augment the stabilization. The mean follow up was 28 months 

(range, 20–36 months) and the average hospital stay was 4 days 

(3–8 days). There was no perioperative complications, infection 

or death. The VAS significantly dropped from average pre-oper-

ative 9 (range, 7–10) to 2 (range, 1–4) immediately after surgery 

and 1 (range 0–1) at 1 year follow up (p<0.001). Burst fracture 

with middle column involvement was seen in 14 patients. 

Vacuum sign was seen in 26 patients. Retropulsion and more 

than 25% spinal canal encroachment was seen in 26 patients. 

The average local angle of kyphosis was 18° pre operatively 

(range, 12°–30°) which decreased to 6° post operatively (range, 

0°–14°) (p<0.001). Single level vertebral collapse was seen in 

25 patients, 3 patients had 2 level vertebral collapse and 2 pa-

tients has 3 level vertebral collapse. Injury to posterior spinal 

ligaments was seen in 14 patients. Nine patients had posterior 

ligament injury at the time of fall. Posterior column injury as 

a result of stretch injury to posterior ligamentous structures 

due to progressive increase in kyphosis was seen in 5 patients. 

Greater than 50% vertebral height loss was seen in 20 patients. 

Table 3. Radiological parameters in these patients

Sr No. AOK Preop AOK Postop Incomplete burst # VS CE in % PLC injury Multiple comp # >50% VBH loss
1 15 5 0 1 25 0 0 1
2 10 18 1 1 30 1 1 0
3 10 10 1 1 15 0 1 1
4 20 15 0 1 40 1 0 0
5 0 16 1 1 30 0 0 1
6 0-5 20 1 1 35 0 0 1
7 20 20 0 1 15 0 0 1
8 10 0 1 1 15 0 0 1
9 20 5 0 1 20 0 0 1
10 20 5 0 1 15 0 0 1
11 0 0 1 1 35 0 0 0
12 0 0 1 1 15 0 0 0
13 10 0 0 1 20 0 0 0
14 10 0 1 1 25 0 0 0
15 30 10 1 1 40 1 1 1
16 10 0 1 0 30 1 0 1
17 20 10 0 1 40 1 1 1
18 20 10 0 1 30 1 0 1
19 15 0 0 1 10 1 0 1
20 30 10 0 1 30 0 1 1
21 30 25 0 1 30 0 1 1
22 26 20 0 1 30 0 1 1
23 0 0 1 0 20 1 0 0
24 30 10 0 1 40 0 1 0
25 30 10 0 1 30 0 1 0
26 30 10 0 1 40 0 1 0
27 15 0 0 1 10 1 0 1
28 15 0 1 1 25 0 0 1
29 0 0 1 0 20 1 0 1
30 10 0 1 0 25 1 0 1

AOK: angle of kyphosis, VS: vacuum sign, CE: canal encroachment, #: fracture, PLC: posterior ligament complex, VBH: vertebral body height.
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The average pre operative anterior vertebral body height was 

12 mm (range, 5–20 mm) which increased to average post op-

erative anterior vertebral height of 20 mm (range, 12–27 mm) 

(p<0.001). In the current series, a varied neurological deficit 

at presentation was seen. Sixteen patients had ASIA D, 10 had 

ASIA C and 4 had ASIA B. Improvement in neurological status 

was observed in all these patients. At 3 months follow up 4 pa-

tients improved from ASIA B to ASIA D, 10 improved from ASIA 

C to ASIA E and 16 patients improved from ASIA D improved 

to ASIA E. There was loosing of hardware seen in 2 patients at 

1 year follow up which required revision to longer instrumen-

tation. The was some loss of correction at one year follow up 

with angle of kyphosis increasing from average 6° to 12° (range, 

0°–16°)at one year follow up. 

DISCUSSION 

Osteoporotic vertebral fractures lead to debilitating pain 

necessitating prolonged bed rest and increase in morbidity 

and mortality [1,2]. From different studies in literature the risk 

factors leading to progression and neurologic impairment 

were evaluated. According to Denis [9] damage to all three 

columns has a greater risk of pseudoarthrosis and progression 

of vertebral collapse. It is important to identify middle column 

involvement at presentation in this group of patients. Four-

teen patients had middle column involvement (incomplete 

burst fractures) in this series. Since they were incomplete burst 

without retropulsion they were initially treated conservatively. 

There is enough evidence to suggest that involvement of mid-

dle column and posterior wall of vertebral body increases the 

risk of non union and progression [3,7,10]. These patients need 

a close watch when conservative treatment is recommended. 

Intervertebral vacuum cleft represents a radiological sign of 

avascular necrosis of vertebral body will lead to pseudoarthro-

sis and further vertebral collapse [11-14]. This vacuum sign was 

present in 26 patients suggestive of spinal instability. Hoshino 

et al. [3] observed that severity of neurological deficit was re-

lated to angular instability of more than 15° and occupation of 

spinal canal with retropulsed fragments. In the current study 

the average preoperative angle of kyphosis was 18° which was 

A

B

C

D

Figure 2. A 68-year-old male ASIA D Incomplete Burst #. (A, B) Incomplete burst # with retropulsion and posterior ligamentous injury 
(instability score 3). (C, D) Navigation guided MIS stabilization and D9 vertebroplasty.
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A

B C

Figure 3. An 82-year-old male with ASIA D neurology. (A, B) Imaging s/o Figure 1 and 2: Vaccum sign+, local kyphosis of 30°, anterior 
vertebral height loss of >50%, retropulsion and spinal canal encroachment >25% (instability score 4). (C) MIS stabilization and verte-
broplasty.

corrected to 6° (p<0.001). Anterior vertebral height loss was 

measured as compared to above normal vertebrae. The AVH 

increased from a average preoperative value of 12 to 20 mm 

postoperatively (p<0.001). Correction of kyphosis and fairly 

good restoration of AVH resulted in indirect decompression 

and vertebroplasty lead to anterior column support. Baba et al. 

[2] concluded that the dynamic instability with hyper mobility 

at fractured level leads to gradual retropulsion of bony fragment 

into spinal canal which causes neurological impairment. Retro-

pulsion of posterior vertebral elements was seen in 26 patients. 

Progression of retropulsion leads to spinal canal encroachment 

[3,6,9]. Greater than 25% spinal canal encroachment was seen 

in 20 patients in the current series. If the canal encroachment 

was between 25% to 50% authors of this study recommend only 

MIPS with VP. If the canal encroachment was greater than 50% 

then midline decompression was necessary. Bilateral decom-

pression with unilateral laminotomy can preserve the midline 

structures however in these patients authors felt that midline 

approach would achieve a better decompression. We also eval-

uated whether there was a involvement of posterior elements 

and for multiple level wedge compression fractures [5,6,9,15]. 

Fourteen patients had posterior ligament injury in this study. 

25mm

25mm

5mm

15mm

28°

14°
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Nine patients had posterior ligament injury at presentation as 

seen on MRI (edema of interspinous ligaments) or CT (widen-

ing of interspinous distance). Posterior column injury as a re-

sult of stretch injury to posterior ligamentous structures due to 

progressive increase in kyphosis was seen in other five patients. 

It is important for clinician to watch for posterior ligament 

injury in these patients at presentation and at follow up. This 

would also lead to progression of deformity and worsening of 

neurology. Multiple wedge compression fracture was another 

factor present in 4 patients. We observed that most of the insta-

bility factors are related to each other. Incomplete burst would 

result in retropulsion and non union and gradual increase in 

kyphosis. This progressed to stretch injury to posterior ele-

ments and multiple fractures. Hence it is necessary to break 

this cycle of risk factors progression. A score of 1 was given for 

the presence of each of these parameters. The spinal instability 

was calculated by adding these seven radiographic parameters. 

All of these patients had 3 or more risk factors seen on radiolo-

gy at presentation. So we concluded that 3 or more score as an 

unstable score for these patients. Total score was divided into 

two categories of stability: stable (0–2) and unstable (≥3). The 

patients with instability score of 2 or less can be treated conser-

vatively with medication and bracing. This scoring of instability 

can help surgeons to predict conservative treatment failure and 

need for surgical treatment. 

As in case of traumatic vertebral fractures in young patients, 

where treatment is been well established, strategies are unclear 

for vertebral fractures in elderly population [5,6]. Patients in this 

study had failed conservative treatment with braces and med-

ications or had gradually progressed despite appropriate pre-

cautions and treatment. These patients had a BMD of <2.5 SD 

along with osteoporotic fracture hence they were categorized 

as severe osteoporosis [17].These patients were non ambula-

tory due to severe pain and neurologic impairment. Sixteen 

patients were ASIA D, 10 patients ASIA C and 4 patients ASIA 

B at presentation. As most of these patients had significant ca-

nal encroachment, angular kyphosis, instability of middle and 

posterior column, the surgery of vertebral column resection 

and stabilization would be one option in treating these patients 

[1,18-20]. They also had 2 or more medical comorbidities like 

diabetes, history or stroke, myocardial infarction or dementia. 

The average Charlson comorbidity index was 4 suggesting that 

they were at risk of prolonged hospital stay and post operative 

morbidity if extensive anteroposterior decompression was 

attempted [8]. Considering the age, and morbidity of the proce-

dure, we decided to treat them with a minimally invasive stabi-

lization and anterior column support by vertebroplasty. In this 

study the fracture was reduced partially by placing the patient 

prone on bolsters and partially by proper distraction applied 

between 2 screws as necessary before vertebroplasty. Anterior 

column support was provided by vertebroplasty cement [1]. Hy-

droxyappatite vertebroplasty cement was used in all patients. 

In 6 patients, decompression was done using mini-midline 

incision however reconstruction of the anterior spine column 

with cage was not attempted. This surgery was tolerated well in 

this elderly population [16,20,21]. Single level stabilization was 

done when the kyphosis was less than 30° while 2 levels above 

and below stabilization was necessary in 4 patients with kypho-

sis greater than 30°. Two patients had loosing of the hardware at 

year follow up and needed revision to long segment stabiliza-

tion. This could be a result of lack of fusion as no bone graft was 

used in anterior or posterior column. In the present study, VAS 

score improved significantly after surgery (p<0.001). Improve-

ment in paraplegia was observed after surgery in all of these 

patients. Patients with ASIA B at presentation reached ASIA D 

at 1 year follow up and the rest reached ASIA scale E. 

The study is not without limitations. The study has small 

sample size and is retrospective in nature. The entire scoring 

system was based on individuals who received a surgical in-

tervention. A prospective study to see the natural progression 

of the osteoporotic fractures would answer these questions 

regarding the instability more effectively. It would be ideal to 

identify these risk factors at the onset and prevent the progres-

sion of instability. The scoring system needs to be validated. 

Through this study the authors wish to highlight the instability 

factors in osteoporotic vertebral fractures which can potentially 

risk progression and worsening of neurology. 

CONCLUSION 

The prediction of late neurologic deficit, progression of ky-

photic deformity in vertebral compression fractures is difficult. 

Prolonged monitoring is necessary in vertebral compression 

fractures. Minimally invasive stabilization with or without lo-

cal decompression and vertberoplasty is well tolerated in the 

elderly population with encouraging results. We concluded 

that patients with osteoporotic vertebral fractures who had 3 or 

more risk factors were at a risk of failure of conservative treat-

ment. If the prognosis can be predicted on the early stage more 

aggressive and better treatment options can be considered to 

prevent neurological involvement. 
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INTRODUCTION 

Lumbar spinal stenosis is a reduction in the volume of the 

central spinal canal, the lateral recesses, and/or neuroforamina 

that decreases the space available for the thecal sac and/or ex-

iting nerve roots [1]. Yong-Hing and Kirkaldy-Willis [2] has well 

documented the cascade of events that leads to spinal stenosis. 
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Objective: To evaluate the efficacy of indirect decompression achieved by Oblique Lumbar In-
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The combination of the ventral disk bulging, osteophyte forma-

tion, and the dorsal facet and ligamentum flavum hypertrophy 

combine to circumferentially narrow the spinal canal and the 

space available for the neural elements. This compression of 

the nerve roots of the cauda equina leads to the characteristic 

clinical signs and symptoms of lumbar spinal stenosis [3]. Lat-

eral lumbar interbody fusion (LLIF) is a promising MIS surgery 



that can address this pathology by indirect decompression of 

the neural elements in an attempt to restore the native disc 

height through ligamentotaxis which stretches and tightens 

the remaining annular fibers, causes longitudinal distraction of 

the posterior longitudinal ligament, unbuckling of the flavum 

and consequent enlargement of the epidural space [4]. Among 

the different types of LLIF, Extreme Lateral Interbody Fusion 

(XLIF) is a frequently used procedure that is a true direct lat-

eral approach to the lumbar spine passing through the retro-

peritoneum and the psoas muscle. However, the transpsoas 

approach is associated with access-related thigh pain caused 

by direct muscle injury with the added risk of injury to the 

lumbar plexus [5]. The use of neuromonitoring is mandatory 

during the procedure to avoid the risk of lumbar plexus inju-

ry because of the anatomical proximity to the lumbar plexus 

and the limited direct visualization [6]. Iliac crest at L4-5 may 

obstruct access to the L4-5 view level [7]. Oblique lateral in-

terbody fusion (OLIF) was introduced initially by Michael 

Mayer in 1997 [8]. The mini-open OLIF procedure allows for 

psoas-preserving access to the lumbar spine via the anterior 

oblique retroperitoneal approach. OLIF has several potential 

advantages over LLIF, such as less invasion of the psoas muscle 

and lumbar plexus, direct visualization of sensory nerves and 

important structures such as the ureter and sympathetic trunk 

approximating the psoas muscle, no need for neuromonitor-

ing, and consistent access to the L4-5 level in cases involving a 

high-riding pelvis [9]. 

Various studies are available regarding the efficacy of indi-

rect decompression in degenerative lumbar canal stenosis but 

we found only one study which deals with its effectiveness in 

severe canal stenosis [9-12]. It is still not clear whether XLIF or 

OLIF with their indirect decompression technique is effective 

enough to not warrant a posterior direct decompression in 

severe lumbar central canal stenosis. There are many studies 

regarding the efficacy of OLIF/XLIF to cause fusion in spon-

dylolisthesis and open up the central canal area but still, there 

are no significant studies that evaluate the necessity of an un-

planned second posterior decompression in case of failure of 

indirect decompression to alleviate the preoperative neurologi-

cal compression symptoms [13]. 

The aim of this study is to assess whether indirect decom-

pression is sufficient in lumbar canal stenosis with Schizas 

grade [14] C and D and to study which patients require direct 

decompression. It also attempts to quantify the limitations of 

indirect decompression and attempts to detect which subset of 

stenosis is suitable for indirect decompression and which sub-

set requires direct decompression. 

Description of the Schizas grading [14] is as follows: 

Grade A stenosis: there is clearly CSF visible inside the dural 

sac, but its distribution is inhomogeneous 

Grade B stenosis: the rootlets occupy the whole of the dural 

sac, but they can still be individualized. Some CSF is still 

present giving a grainy appearance to the sac. 

Grade C stenosis: no rootlets can be recognized, the dural 

sac demonstrating a homogeneous gray signal with no CSF 

signal visible. There is epidural fat present posteriorly. 

Grade D stenosis: in addition to no rootlets being recogniz-

able there is no epidural fat posteriorly. 

MATERIALS AND METHODS 

We carried out an analysis of indirect decompression by dis-

traction in 37 patients/44 segments that belonged to Schizas 

grade C and D following Schizas grading [14]. Informed con-

sent was obtained from all the patients. All the patients were 

counseled for the requirement of direct decompression in case 

of persistent symptoms after OLIF.  

Inclusion criteria: patients with neurogenic claudication 

with/ without back pain and rest pain and lumbar canal ste-

nosis belonging to Schizas grade C and D with instability. Ex-

clusion criteria: stenosis with instability belonging to Schizas 

grade A and B, stenosis without instability, trauma, infection, 

acute lumbar disc prolapse, patients with rest pain and listhesis 

>grade 3. 

Clinical assessment of the patients was done by modified 

Macnab criteria (Table 1). All the surgeries were performed 

by a single surgeon and along with cage insertion; anterior or 

posterior fixation was carried in all the cases in the same stage. 

The approach in OLIF was from the left side in all the cases. 

The most proximal to distal levels for OLIF were L1-2 to L4-

5. The demographics of the patients are demonstrated in the 

Table 2. Bone graft (autograft/ allograft+bonemarrow aspirate) 

was used in all the patients. An appropriate size cage was in-

serted through the oblique corridor under IITV guidance. No 

neuromonitoring was used. 

1. Assessment of Radiological Parameters (Figure 1) 

Percentage improvement in disc height, foraminal height, 

segmental lordosis on X-rays, reduction of slippage of verte-

brae, and increase in the overall area of spinal canal area were 

noted to assess indirect decompression. 

https://doi.org/10.21182/jmisst.2021.00171132

Sharvil Gajjar, et al.    Indirect decompression in severe Central Lumbar Canal Stenosis



Table 2. Study demographics

Number of patients 37 Fusion site
Age (yr) 65.054 (46–73) L1-2 0
Sex (m:f) 13:24 L2-3 4
Number of levels fused 44 L3-4 6
Schizas grade for stenosis L4-5 34
 C 31 Fixation
 D 13 Anterior 2
Diagnosis Posterior 33
 Adjacent segment disease 2 Anterior+posterior 2
 Degenerative listhesis 34 Bone graft
 Lytic listhesis 1 Autograft 9
Fusion levels Artificial bone graft with bone marrow aspirate 28
 1 level 31
 2 level 5
 3 level 1

1) Disc Height 
Perpendicular from the midpoint of the cranial vertebral in-

ferior endplate to the midpoint of the caudal vertebral superior 

endplate of the disc. 

2) Segmental Lordosis 
Sagittal Cobb’s angle of the cranial and caudal endplate of the 

disc. 

3) Foraminal Height 
Distance between the cranial most and caudal most point of 

the foramen on lateral x-ray. 

4) Spinal Canal Area
The spinal canal area was measured on MRI on a single axial 

slice through the center of the disc. 

Pre-op and post-op comparisons of all these parameters 

were done and percentage improvement was calculated. Mea-

surements were taken by two surgeons and an average of it was 

taken as the final measurement. 

2. Statistical Analysis 

Differences between the preoperative and postoperative 

variables were assessed using Wilcoxon signed Ranks test and 

paired T-test (continuous variables) and Chi-square test (cate-

gorical variables). A p-value <0.05 was considered statistically 

significant. 

3. Ethics Approval 

Approval was taken from the ethics committee before the 

commencement of the study (IRB approval number: ECR/274/

Inst/GJ/2013/RR-19). 

4. Consent to Participate and Consent to Publish 

Consent was taken from all the patients and they were ex-

plained thoroughly before being inducted into the study. Con-

sent from all the authors has been taken for the publication of 

this study.   

Table 1. Modified Macnab criteria

No pain. No restriction of activity. Return to normal work and level of activity. Excellent
Occasional non radicular pain. Relief of presenting symptoms. Able to return to modified work. Good 11 (29.73%)
Some improved functional capacity, still handicapped and/or unemployed. Fair
Continued objective symptoms of root involvement, additional operative intervention needed at index level irrespective of the 

length of post-operative follow-up.
Poor
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Figure 1. (A), (B) Pre-op x-ray measurements. (C) Post-op x-ray measurements. (D) Pre op spinal canal area. (E) Post op spinal canal area.

RESULTS 

A total of 35 segments were studied on MRI. The rest of the 

segments could not be studied well because of the artifact ef-

fect. Case example of improvement in Schizas D type severe 

central canal stenosis after indirect decompression  is shown in 

Figure 2.

1. Clinical Results

Clinical results are shown in Figure 3.

2. Radiological Results (Table 3, 4) 

Improvement in different parameters from the pre-operative 

status is shown below in Figure 4.

3. Per Operative Complications 

Intraoperative complications were seen in 3 patients (8%). 

1 patient (2.7%) had intraoperative ALL rupture leading to in-

creased instability which required anterior as well as posterior 

fixation. 1 patient (2.7%) had a peritoneal breach which was 

sutured immediately. 1 patient had a right L5 screw misplaced 

which caused immediate post-operative L5 radicular pain de-

tected on CT scan and was revised the next post-op day. 

4. Post-operative Complications 

5 patients (13.51%) had immediate graft site pain which re-

solved in a period of 3–6 weeks. 2 patients (5.4%) had anterior 

thigh pain which resolved in 3–6 weeks. 1 patient (2.7%) had 

an incisional hernia but was nonprogressive and not causing 

trouble to the patient. 1 patient (2.7%) had significant subsid-

A

D E

B C
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Table 3. Radiological parameters

Radiological parameters Mean improvement
Foraminal height 20.6%
Disc height 86.01%
Listhesis correction 51.8%
Spinal canal area 75.36%
Segmental lordosis 3.8°

30

20

10

0
Excellent

24 (64.86%)

11 (29.73%)

2 (5.41%)
0

Good Fair Poor
Figure 3. Clinical results.

Figure 2. (A) Preoperative axial view of L4-5 Schizas grade D. (B) Preoperative Saggital view of L4-5 Schizas grade D. (C) Postoperative 
axial view of the same patient. (D) Postoperative sagittal view of the same patient.

A B C D

indirect decompression in severe spinal canal stenosis i.e. 

Schizas grade C and D as severe central spinal canal stenosis 

has been considered to be a relative contra indication [4,12]. 

The role of indirect decompression in central canal stenosis has 

been addressed in various studies so far [11,15-18]. Our study 

included patients exclusively belonging to the Schizas grade 

C and D and who had neurogenic claudication. We had strict 

pre-operative selection criteria. None of the patients had rest 

pain in our study and due stress was given to the absence of rest 

pain in the supine position as preoperative assessment. None 

of the patients had any positive signs of nerve root tension. Pa-

tient having rest pain or positive nerve tension sign was exclud-

ed and considered not suitable for indirect decompression. We 

believe that rest pain and positive nerve tension sign are im-

portant clinical criteria requiring direct decompression. Khalsa 

et al. [19] showed in their study that rest pain have a significant 

association with reduction in Numeric Rating Scale (NRS) leg 

and back scores in patients undergoing indirect decompression 

for lumbar spinal stenosis. 

None of our patients with Schizas grade C or D stenosis re-

quired direct posterior decompression though every patient 

was counseled for that if the symptoms do not subside. There 

have been various studies on indirect decompression but none 

ence at 1 month period following a jerk and had a recurrence 

of claudication pain. On MRI the stenosis at L4-5 level had re-

appeared and a posterior decompression surgery was required. 

Another notable complication was contralateral radiculopathy 

which was seen in 3 (8.1%) patients but recovered in 3–6 weeks. 

2 patients (5.4%) had hip flexion weakness due to pain which 

recovered within 2 weeks. None of the patients had a ureteric or 

permanent neurological deficit. The overall rate of postopera-

tive complications requiring attention was 8%. 

DISCUSSION 

The current study shows the efficacy of OLIF in achieving 

indirect decompression in severe spinal canal stenosis with 

Schizas grade C and D. There has been only a single study on 
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Figure 4. (A) Foraminal stenosis. (B) Discheight. (C) Listhesis 
reduction. (D) Segmental lordosis. (E) Spinal canal area.

Table 4. Statistical analysis

Radiological parameters Mean Std. deviation Range p-value
Foraminal stenosis pre-op 130.59 27.75 137.53 <0.0001
Foraminal stenosis post-op 152.67 22.14 113.82
Foraminal stenosis correction 20.60 23.76 114.07
Disc height pre-op 57.09 19.62 82.88 <0.0001
Disc height post-op 91.36 16.69 71.77
Disc height correction 86.01 110.57 620.04
Listhesis reduction pre-op 20.06 16.49 53.16 <0.0001
Listhesis reduction post-op 6.96 10.29 68.30
Listhesis reduction correction 51.80 87.36 628.16
Disc angle pre-op –6.96 5.749 28 <0.0001
Disc angle post-op –10.77 5.060 21
Disc angle correction –3.80 5.371 28
Spinal canal pre-op 753.02 441.13 1791.80 <0.0001
Spinal canal post-op 1223.07 669.09 2803.20
Spinal canal correction 75.36 60.32 245.79
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of them but deals exclusively with severe canal stenosis hence 

it is difficult to compare our results with other studies. Lum-

bar canal stenosis has static and dynamic components. In our 

study, there is an increase in disc height by 86%, an increase in 

foraminal height by 20.6%, and listhesis reduction by 51%. All 

these have increased the overall spinal canal area by 75.36%. 

Spinal canal area of <75 mm2 is considered as severe lumbar 

canal stenosis [20]. Considering this criterion, in the study by 

Elowitz et al. [15], 9 patients fell in the category of severe canal 

stenosis <75 mm2, and the average increase in spinal canal area 

achieved in those patients was 262%. In our study, the increase 

in the overall spinal canal area was 75.36% which is  

less compared to Elowitz’s study [15]. Though it cannot be 

stated that all Schizas grade C and D always are <75 mm2 it does 

show that the increase in the spinal canal area (SCA) in patients 

with severe canal stenosis is significantly higher than in the 

patients with Schizas grade A and B [9,16,18,21]. There are wide 

variations in the measuring techniques of the SCA and that 

leads to a lot of variations in absolute values. Many attempts 

at developing algorithms for getting reproducible results are 

made [22]. Attempts at developing an algorithm for predicting 

success in indirect decompression are also made but they have 

not included severe canal stenosis in the study [23]. 

OLIF plays an important role in relieving the symptoms of 

neurological claudication not just by indirect decompression 

but also by providing stability [15]. This shows that the dynamic 

component of spinal stenosis has a major role to play in neu-

rogenic claudication. Posture induces physiological changes in 

the CSA of the spinal canal and neural foramina in young as-

ymptomatic volunteers as seen using MRI. At the disk level, the 

CSA of the spinal canal varied significantly depending on the 

body position, most notably between the upright flexed (mean, 

268 mm2) and the upright extended (mean, 224 mm2) positions 

(p<0.0001). The maximum thickness of the ligamentum flavum 

was significantly increased in the extended positions (p<0.0001) 

[24]. Stabilization of the spine decreases the dynamicity of the 

segment. Hence both overall increase in the spinal canal area 

and decrease in the dynamicity are reflected in an improve-

ment in the claudication symptoms of the patient by indirect 

decompression and no further need of direct decompression 

even in severe central canal stenosis. 

The thickening of the ligamentum flavum is also thought to 

be due to the dynamic component of stenosis i.e. instability. 

The accumulation of mechanical stress, caused by age-related 

segmental instability, and especially segmental angulation 

with flexion-extension, leads to LF hypertrophy [25,26]. By 

doing indirect decompression and stabilizing the spine there 

is not only immediate effect on the increase in spinal canal 

area but in long term because of the effect of segmental stabi-

lization there is remodeling of the ligamentum flavum and the 

overall spinal canal area further increases with time because 

of thinning of the ligamentum flavum. In a study by Ohtori 

et al. [10], it has been shown that the average CSA of the liga-

mentum flavum at the level of fusion 10 years after indirect de-

compression using ALIF was significantly less than that before 

surgery, and the CSA of the dural sac at the level of fusion was 

significantly larger than at other levels. Stability of the spine 

may have induced the change of the lumbar ligamentum fla-

vum and remodeling of the spinal canal. It has been reported 

that following the immediate expansion of CSA due to disc 

height restoration, there is a gradual shrinkage of ligamentum 

flavum and reduction in disc bulging, further increasing the 

spinal canal area, which is in a significant proportion attribut-

ed to spinal stabilization and fusion advocating supplemen-

tal posterior percutaneous screw fixation [12]. The gradual 

shrinkage of ligamentum flavum and subsequent increase in 

the spinal canal area after OLIF is also established by the study 

of Mahatthanatrakul et al. [27]. 

Radiographic results regarding indirect decompression of 

central canal stenosis are less consistent. In some studies, 

patients with severe spinal stenosis were excluded from the 

analysis [28]. Only mild increases of central canal area and rel-

atively high rates of secondary posterior decompressions led 

Oliveira et al. [16] to conclude that the risk of failure for central 

canal stenosis decompression has to be emphasized during 

the patient consent process. Consequently, they concluded 

that central canal stenosis might be a relative contraindication 

in indirect decompression if patients seem to be incompliant 

regarding a potential additional laminectomy if symptoms 

persist. However, Elowitz et al. [15] found an improvement in 

clinical outcome scores even in patients with a modest increase 

in spinal canal area after indirect decompression, similar to our 

study, with 35 out of 37 patients showing good to excellent clin-

ical results. This raises the question of how much decompres-

sion is truly required to alleviate the symptoms of spinal canal 

stenosis which points that there is likely a dynamic component 

to stenosis, as evidenced by the positional nature of the pain 

pattern. This dynamism may be further enhanced in hyper-

mobile situations such as in degenerative spondylolisthesis. 

Indirect decompression works by first, increasing the absolute 

dimensions of the spinal canal and foramina through disc 

height restoration and slip reduction, but also by removing the 

dynamic component of the stenosis through the elimination of 

motion infusion. As such, despite no statistical change in the 
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canal area, significant clinical improvements were realized and 

maintained [18]. Also in spondylolisthesis, the pseudobulge 

contributes to narrowing the canal and OLIF by distraction, 

improves the canal area by decreasing the disc bulge along 

with stretching and unbuckling of ligamentum flavum [29]. The 

initial studies of indirect decompression were standalone pro-

cedures without posterior fixation and hence more incidence 

of cage subsidence and subsequent loss of correction [16]. Fu-

jibayashi et al. [9] showed that posterior percutaneous fixation 

not only increases the stability of the construct but also pre-

vents cage subsidence and consequent loss of correction. Lin et 

al. [30] have shown that clinical results of OLIF are equivalent 

to MI-TLIF whereas radiographic results of OLIF are superior 

that MI-TLIF. Wang et al. [31] has shown that only bony lateral 

canal stenosis is a contraindication for indirect decompression 

and states that significant canal stenosis can still undergo indi-

rect decompression with expectation of good clinical outcome 

and radiographic improvement. Our study seconds this as only 

one case of direct posterior decompression was required and 

it was also due to cage subsidence and consequent loss of de-

compression. 

1. Limitations 

The limitations of this study include a small sample size and 

short radiographic follow-up. Maintenance of correction and 

decompression was not evaluated in long term. It is important 

to note what happens in the long term if subsidence occurs and 

whether in long term there is restenosis and if delayed posterior 

decompression is required. The second limitation is the retro-

spective nature of the study. This will have a selection bias for 

patients in which indirect decompression was offered in severe 

canal stenosis. Further Prospective randomized studies are 

required to exactly answer the research question of the efficacy 

of indirect decompression in severe lumbar canal stenosis. It 

would be also important to have a comparative control study 

with posterior direct decompression and indirect decompres-

sion to find out the difference. Lastly, fusion rates for the OLIF 

approach will need to be assessed as this is one of the goals of 

surgery for long-term success. 

CONCLUSION 

Indirect decompression is effective in severe lumbar central 

canal stenosis in Schizas grade C and D. OLIF is an effective 

means of indirect decompression with early excellent to good 

results clinically. There is improvement in disc height, fo-

raminal height, segmental lordosis, and overall spinal canal 

area. Posterior direct decompression is unnecessary in the 

majority of cases and spares the patient undue morbidity and 

risk of neural injury or scarring from direct posterior surgery. 

Further research is needed to identify predictive factors in 

patients with severe central spinal canal stenosis who may 

benefit from OLIF. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article. 

ACKNOWLEDGEMENTS 

Dr. Sonal Parikh (associate professor, Community Medicine, 

Smt NHL Municipal Medical College, Ahmedabad, Gujarat, 

India) for her invaluable help in statistical analysis of this man-

uscript. 

1. Authors’ Position and Contribution 

Sharvil Gajjar: Assisted all OLIF surgeries and main contribu-

tion in preparation of the manuscript. 

Amit Jhala: Chief surgeon in OLIF surgery and supervision in 

preparation of the manuscript along with key insights. 

Manish Mistry: Assisted OLIF surgeries and contribution in 

preparation of the manuscript. 

2. Availability of Data and Material 

All the data was procured from the hospital database after tak-

ing appropriate approval from the concerned authorities.  

3. Code Availability  

Surgimap software (free version) is used for the calculation of 

all the data that has been used in the study. 

REFERENCES 

1. Issack PS, Cunningham ME, Pumberger M, Hughes AP, Cam-

misa FP Jr. Degenerative lumbar spinal stenosis: evaluation 

and management. J Am Acad Orthop Surg 2012;20:527–535. 

2. Yong-Hing K, Kirkaldy-Willis WH. The pathophysiology of 

degenerative disease of the lumbar spine. Orthop Clin North 

Am 1983;14:491–504. 

3. Djurasovic M, Glassman SD, Carreon LY, Dimar JR 2nd. 

Contemporary management of symptomatic lumbar spinal 

stenosis. Orthop Clin North Am 2010;41:183–191. 

4. Lang G, Perrech M, Navarro-Ramirez R, Hussain I, Pen-

nicooke B, Maryam F, et al. Potential and limitations of neural 

decompression in extreme lateral interbody fusion-a system-

atic review. World Neurosurg 2017;101:99–113. 

https://doi.org/10.21182/jmisst.2021.00171138

Sharvil Gajjar, et al.    Indirect decompression in severe Central Lumbar Canal Stenosis

https://www.ncbi.nlm.nih.gov/pubmed/22855855
https://www.ncbi.nlm.nih.gov/pubmed/22855855
https://www.ncbi.nlm.nih.gov/pubmed/22855855
https://doi.org/10.1016/s0030-5898(20)31329-8
https://doi.org/10.1016/s0030-5898(20)31329-8
https://doi.org/10.1016/s0030-5898(20)31329-8
https://doi.org/10.1016/j.ocl.2009.12.003
https://doi.org/10.1016/j.ocl.2009.12.003
https://doi.org/10.1016/j.ocl.2009.12.003
https://doi.org/10.1016/j.wneu.2017.01.080
https://doi.org/10.1016/j.wneu.2017.01.080
https://doi.org/10.1016/j.wneu.2017.01.080
https://doi.org/10.1016/j.wneu.2017.01.080


5. Anand N, Baron EM. Urological injury as a complication of 

the transpsoas approach for discectomy and interbody fu-

sion. J Neurosurg Spine 2013;18:18–23. 

6. Davis TT, Bae HW, Mok JM, Rasouli A, Delamarter RB. Lum-

bar plexus anatomy within the psoas muscle: implications for 

the transpsoas lateral approach to the L4-L5 disc. J Bone Joint 

Surg Am 2011;93:1482–1487. 

7. Fontes RB, Traynelis VC. Iliac crest osteotomy to enhance 

exposure of the L4-5 interspace in minimally invasive lateral 

transpsoas interbody fusion: a cadaveric feasibility study. J 

Neurosurg Spine 2013;18:13–17. 

8. Silvestre C, Mac-Thiong JM, Hilmi R, Roussouly P. Complica-

tions and morbidities of mini-open anterior retroperitoneal 

lumbar interbody fusion: oblique lumbar interbody fusion in 

179 patients. Asian Spine J 2012;6:89–97. 

9. Fujibayashi S, Hynes RA, Otsuki B, Kimura H, Takemoto M, 

Matsuda S. Effect of indirect neural decompression through 

oblique lateral interbody fusion for degenerative lumbar dis-

ease. Spine (Phila Pa 1976) 2015;40:E175–E182. 

10. Ohtori S, Orita S, Yamauchi K, Eguchi Y, Aoki Y, Nakamura J, 

et al. Change of lumbar ligamentum flavum after indirect de-

compression using anterior lumbar interbody fusion. Asian 

Spine J 2017;11:105–112. 

11. Castellvi AE, Nienke TW, Marulanda GA, Murtagh RD, San-

toni BG. Indirect decompression of lumbar stenosis with 

transpsoas interbody cages and percutaneous posterior in-

strumentation. Clin Orthop Relat Res 2014;472:1784–1791. 

12. Shimizu T, Fujibayashi S, Otsuki B, Murata K, Matsuda S. In-

direct decompression with lateral interbody fusion for severe 

degenerative lumbar spinal stenosis: minimum 1-year MRI 

follow-up. J Neurosurg Spine 2020;33:27–34. 

13. Kirnaz S, Navarro-Ramirez R, Gu J, Wipplinger C, Hussain I, 

Adjei J, et al. Indirect decompression failure after lateral lum-

bar interbody fusion-reported failures and predictive factors: 

systematic review. Global Spine J 2020;10:8S–16S. 

14. Schizas C, Theumann N, Burn A, Tansey R, Wardlaw D, Smith 

FW, et al. Qualitative grading of severity of lumbar spinal ste-

nosis based on the morphology of the dural sac on magnetic 

resonance images. Spine (Phila Pa 1976) 2010;35:1919–1924. 

15. Elowitz EH, Yanni DS, Chwajol M, Starke RM, Perin NI. Eval-

uation of indirect decompression of the lumbar spinal canal 

following minimally invasive lateral transpsoas interbody 

fusion: radiographic and outcome analysis. Minim Invasive 

Neurosurg 2011;54:201–206. 

16. Oliveira L, Marchi L, Coutinho E, Pimenta L. A radiographic 

assessment of the ability of the extreme lateral interbody fu-

sion procedure to indirectly decompress the neural elements. 

Spine (Phila Pa 1976) 2010;35:S331–S337. 

17. Park SJ, Lee CS, Chung SS, Kang SS, Park HJ, Kim SH. The 

ideal cage position for achieving both indirect neural decom-

pression and segmental angle restoration in lateral lumbar 

interbody fusion (LLIF). Clin Spine Surg 2017;30:E784–E790. 

18. Isaacs RE, Sembrano JN, Tohmeh AG; SOLAS Degenerative 

Study Group. Two-year comparative outcomes of MIS lateral 

and MIS transforaminal interbody fusion in the treatment of 

degenerative spondylolisthesis: part II: radiographic findings. 

Spine (Phila Pa 1976) 2016;41:S133–S144. 

19. Khalsa AS, Eghbali A, Eastlack RK, Tran S, Akbarnia BA, 

Ledesma JB, et al. Resting pain level as a preoperative predic-

tor of success with indirect decompression for lumbar spinal 

stenosis: a pilot study. Global Spine J 2019;9:150–154. 

20. Schönström N, Lindahl S, Willén J, Hansson T. Dynamic 

changes in the dimensions of the lumbar spinal canal: an ex-

perimental study in vitro. J Orthop Res 1989;7:115–121. 

21. Sato J, Ohtori S, Orita S, Yamauchi K, Eguchi Y, Ochiai N, et 

al. Radiographic evaluation of indirect decompression of 

mini-open anterior retroperitoneal lumbar interbody fusion: 

oblique lateral interbody fusion for degenerated lumbar 

spondylolisthesis. Eur Spine J 2017;26:671–678. 

22. Gates TA, Vasudevan RR, Miller KJ, Stamatopoulou V, Mindea 

SA. A novel computer algorithm allows for volumetric and 

cross-sectional area analysis of indirect decompression fol-

lowing transpsoas lumbar arthrodesis despite variations in 

MRI technique. J Clin Neurosci 2014;21:499–502. 

23. Gabel BC, Hoshide R, Taylor W. An algorithm to predict 

success of indirect decompression using the extreme lateral 

lumbar interbody fusion procedure. Cureus 2015;7:e317. 

24. Schmid MR, Stucki G, Duewell S, Wildermuth S, Romanows-

ki B, Hodler J. Changes in cross-sectional measurements of 

the spinal canal and intervertebral foramina as a function of 

body position: in vivo studies on an open-configuration MR 

system. AJR Am J Roentgenol 1999;172:1095–1102.  

25. Yoshiiwa T, Miyazaki M, Kawano M, Ikeda S, Tsumura H. 

Analysis of the relationship between hypertrophy of the lig-

amentum flavum and lumbar segmental motion with aging 

process. Asian Spine J 2016;10:528–535. 

26. Yoshiiwa T, Miyazaki M, Notani N, Ishihara T, Kawano M, 

Tsumura H. Analysis of the relationship between ligamentum 

flavum thickening and lumbar segmental instability, disc 

degeneration, and facet joint osteoarthritis in lumbar spinal 

stenosis. Asian Spine J 2016;10:1132–1140. 

27. Mahatthanatrakul A, Kim HS, Lin GX, Kim JS. Decreasing 

thickness and remodeling of ligamentum flavum after 

oblique lumbar interbody fusion. Neuroradiology 2020;62: 

139https://doi.org/10.21182/jmisst.2021.00171

J Minim Invasive Spine Surg Tech 2021;6(2):131-140

https://doi.org/10.3171/2012.9.spine12659
https://doi.org/10.3171/2012.9.spine12659
https://doi.org/10.2106/jbjs.j.00962
https://doi.org/10.2106/jbjs.j.00962
https://doi.org/10.2106/jbjs.j.00962
https://doi.org/10.2106/jbjs.j.00962
https://doi.org/10.3171/2012.10.spine12311
https://doi.org/10.3171/2012.10.spine12311
https://doi.org/10.3171/2012.10.spine12311
https://doi.org/10.3171/2012.10.spine12311
https://doi.org/10.4184/asj.2012.6.2.89
https://doi.org/10.4184/asj.2012.6.2.89
https://doi.org/10.4184/asj.2012.6.2.89
https://doi.org/10.4184/asj.2012.6.2.89
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.4184/asj.2017.11.1.105
https://doi.org/10.4184/asj.2017.11.1.105
https://doi.org/10.4184/asj.2017.11.1.105
https://doi.org/10.4184/asj.2017.11.1.105
https://doi.org/10.1007/s11999-014-3464-6
https://doi.org/10.1007/s11999-014-3464-6
https://doi.org/10.1007/s11999-014-3464-6
https://doi.org/10.1007/s11999-014-3464-6
https://doi.org/10.3171/2020.1.spine191412
https://doi.org/10.3171/2020.1.spine191412
https://doi.org/10.3171/2020.1.spine191412
https://doi.org/10.1177/2192568219876244
https://doi.org/10.1177/2192568219876244
https://doi.org/10.1177/2192568219876244
https://doi.org/10.1177/2192568219876244
https://doi.org/10.1097/brs.0b013e3181d359bd
https://doi.org/10.1097/brs.0b013e3181d359bd
https://doi.org/10.1097/brs.0b013e3181d359bd
https://doi.org/10.1097/brs.0b013e3181d359bd
https://doi.org/10.1055/s-0031-1286334
https://doi.org/10.1055/s-0031-1286334
https://doi.org/10.1055/s-0031-1286334
https://doi.org/10.1055/s-0031-1286334
https://doi.org/10.1097/brs.0b013e3182022db0
https://doi.org/10.1097/brs.0b013e3182022db0
https://doi.org/10.1097/brs.0b013e3182022db0
https://doi.org/10.1097/brs.0b013e3182022db0
https://doi.org/10.1097/bsd.0000000000000406
https://doi.org/10.1097/bsd.0000000000000406
https://doi.org/10.1097/bsd.0000000000000406
https://doi.org/10.1097/bsd.0000000000000406
https://www.ncbi.nlm.nih.gov/pubmed/26839992
https://www.ncbi.nlm.nih.gov/pubmed/26839992
https://www.ncbi.nlm.nih.gov/pubmed/26839992
https://www.ncbi.nlm.nih.gov/pubmed/26839992
https://doi.org/10.1177/2192568218765986
https://doi.org/10.1177/2192568218765986
https://doi.org/10.1177/2192568218765986
https://doi.org/10.1177/2192568218765986
https://doi.org/10.1002/jor.1100070116
https://doi.org/10.1002/jor.1100070116
https://doi.org/10.1002/jor.1100070116
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.1016/j.jocn.2013.05.007
https://doi.org/10.1016/j.jocn.2013.05.007
https://doi.org/10.1016/j.jocn.2013.05.007
https://doi.org/10.1016/j.jocn.2013.05.007
https://doi.org/10.7759/cureus.317
https://doi.org/10.7759/cureus.317
https://doi.org/10.7759/cureus.317
https://doi.org/10.2214/ajr.172.4.10587155
https://doi.org/10.2214/ajr.172.4.10587155
https://doi.org/10.2214/ajr.172.4.10587155
https://doi.org/10.2214/ajr.172.4.10587155
https://doi.org/10.4184/asj.2016.10.3.528
https://doi.org/10.4184/asj.2016.10.3.528
https://doi.org/10.4184/asj.2016.10.3.528
https://doi.org/10.4184/asj.2016.10.3.528
https://doi.org/10.4184/asj.2016.10.6.1132
https://doi.org/10.4184/asj.2016.10.6.1132
https://doi.org/10.4184/asj.2016.10.6.1132
https://doi.org/10.4184/asj.2016.10.6.1132
https://doi.org/10.1007/s00234-020-02414-y
https://doi.org/10.1007/s00234-020-02414-y
https://doi.org/10.1007/s00234-020-02414-y


971–978. 

28. Parikh NP, Mistry M, Jhala AC. Effect of indirect neural de-

compression by minimally invasive oblique lumbar inter-

body fusion in adult degenerative lumbar spine disease and 

its limitations. J Minim Invasive Spine Surg Tech 2019;4:5–13. 

29. Nomura H, Yamashita A, Watanabe T, Shirasawa K. Quanti-

tative analysis of indirect decompression in extreme lateral 

interbody fusion and posterior spinal fusion with a percu-

taneous pedicle screw system for lumbar spinal stenosis. J 

Spine Surg 2019;5:266–272. 

30. Lin GX, Akbary K, Kotheeranurak V, Quillo-Olvera J, Jo HJ, 

Yang XW, et al. Clinical and radiologic outcomes of direct 

versus indirect decompression with lumbar interbody fu-

sion: a matched-pair comparison analysis. World Neurosurg 

2018;119:e898–e909. 

31. Wang TY, Nayar G, Brown CR, Pimenta L, Karikari IO, Isaacs 

RE. Bony lateral recess stenosis and other radiographic pre-

dictors of failed indirect decompression via extreme lateral 

interbody fusion: multi-institutional analysis of 101 consecu-

tive spinal levels. World Neurosurg 2017;106:819–826. 

https://doi.org/10.21182/jmisst.2021.00171140

Sharvil Gajjar, et al.    Indirect decompression in severe Central Lumbar Canal Stenosis

https://doi.org/10.1007/s00234-020-02414-y
https://doi.org/10.21182/jmisst.2019.00017
https://doi.org/10.21182/jmisst.2019.00017
https://doi.org/10.21182/jmisst.2019.00017
https://doi.org/10.21182/jmisst.2019.00017
https://doi.org/10.21037/jss.2019.06.03
https://doi.org/10.21037/jss.2019.06.03
https://doi.org/10.21037/jss.2019.06.03
https://doi.org/10.21037/jss.2019.06.03
https://doi.org/10.1016/j.wneu.2018.08.003
https://doi.org/10.1016/j.wneu.2018.08.003
https://doi.org/10.1016/j.wneu.2018.08.003
https://doi.org/10.1016/j.wneu.2018.08.003
https://doi.org/10.1016/j.wneu.2017.07.045
https://doi.org/10.1016/j.wneu.2017.07.045
https://doi.org/10.1016/j.wneu.2017.07.045
https://doi.org/10.1016/j.wneu.2017.07.045


141www.jmisst.org

Copyright © 2021 Korean Minimally Invasive Spine Surgery Society 
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION 

The incidence of osteoporotic vertebral compression fracture 

(VCF) has increased with the increased average life expectancy 

in recent years. Nowadays, percutaneous vertebroplasty (PVP), 

a minimally invasive technique, has been widely used for the 

treatment of painful acute VCFs. In this technique, polymethyl-

methacrylate (PMMA) is injected into the vertebral corpus, and 

PMMA increases stability at the fracture site. It further reduces 
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pain with its thermal necrosis effect and chemotoxic effect on 

intraosseous pain receptors [1]. 

The incidence rate of PMMA leakage has been reported to 

range from 5% to 80%. Studies, in which it is assessed using 

computed tomography (CT) scanning, have reported the inci-

dence of leakage to be 63% to 87% [2]. 

The majority of PMMA leakages do not usually cause clinical 

symptoms, but serious complications such as nerve root com-

pression or pulmonary embolism may occur if PMMA leaks 



into the spinal cord, nerve root or blood vessel. Therefore, the 

injection volume of high-viscosity PMMA in the treatment of 

VCF is still controversial3). In practice, the smaller the bone ce-

ment injection volume is, the lower the risk of complications is. 

Therefore, it may be safer to reduce the injection volume of the 

bone cement if the same clinical effect can be achieved with 

low PMMA injection volumes. 

The aim of this study was to compare the clinical effects of 

different injection volumes of high-viscosity PMMA used in 

PVP on the treatment of osteoporotic VCF (OVCF). 

MATERIALS AND METHODS 

1. Study Design 

This single-center, retrospective, comparison study exam-

ined the data of 44 patients with OVCF, who underwent PVP 

in our neurosurgery clinic between 2016 and 2019. Data of the 

patients were obtained from electronic patient records. Written 

permission was obtained from the head physician of the clinic 

before the study and written informed consent was obtained 

from all patients before surgery. All patients were evaluated 

with magnetic resonance imaging (MRI) before surgery. They 

were divided into two groups, each consisting of 22 patients, 

based on the injection volume of PMMA: low-volume (Group 1) 

and high-volume (Group 2). Group 1 received ≤4 mL (3–4 mL) 

PMMA whereas Group 2 received >4 mL (4.5–6mL) PMMA 

(Figure 1). Both groups were compared in terms of age, gender, 

visual analog scale (VAS) score, Oswestry disability index (ODI) 

score, length of stay (LoS) in the hospital, vertebral level and 

preoperative anterior vertebral height (AVH) (%). 

Patients with single-level acute OVCF in the thoracic and 

Figure 1. Preoperative sagittal T1-weighted and sagittal flair thoracic MRI images and postoperative axial thoracic CT (upper figures) 
of a group 1 female patient. Preoperative sagittal T1-weighted and sagittal flair lumbar MRI images and postoperative axial lumbar CT 
(lower figures) of a group 2 female patient.
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lumbar levels, who had AVH collapse of ≤50% and did not re-

spond to treatment despite receiving conservative treatment 

for at least four weeks, were included in the study. Exclusion 

criteria were the presence of burst fracture and infection, coex-

istence of radicular findings, more than 50% collapse in AVH, 

primary vertebral bone tumors and spinal metastases. 

2. Procedural Technique 

All surgeries were performed in the operating room and un-

der sedo-anesthesia. Patients were placed in the prone position 

under the guidance of C-Arm fluoroscopy. Cefazolin sodium of 

1 g was administered intravenously (IV) for systemic antibiotic 

prophylaxis half an hour before surgery. High-viscosity PMMA 

was injected into the vertebrae through the pedicle. The post-

operative PMMA leakage was evaluated using CT or anteropos-

terior (AP) and lateral radiographs. 

3. Data Collection 

Pain scores and functional disabilities of the patients were 

measured using the visual analog score (VAS) and Oswestry 

Disability Index (ODI), respectively, in the preoperative peri-

od and postoperative first month, sixth month, and first year. 

Furthermore, age, gender, LoS and preoperative AVH of the 

patients in both groups were also recorded.  

4. Statistical Analysis  

Data were expressed as mean, standard deviation (SD), fre-

quency and percentage. Continuous variables (age, LoS, and 

preoperative AVH) were compared using independent samples 

t-test and categorical variables (gender) were compared using 

Fisher’s Exact Test. Independent samples t-test, repeated mea-

sures ANOVA and Post-Hoc Tests were used for the comparison 

of VAS and ODI scores between the groups. A p-value of <0.01 

was considered statistically significant. Statistical analysis was 

performed using SPSS along with JASP. 

5. Ethical Approval 

This study received permission from Chief Physician to use 

data (approval number: 22.07.2020/372). 

RESULTS 

Forty-four patients underwent single-level PVP at T7–L4 

levels. A total of 75% of the cases were observed to be clustered 

at T12–L2 levels. Demographic data of the patients are sum-

marized in Table 1 and 2. There was no statistically significant 

difference between the groups in terms of age, gender, VAS and 

ODI scores, LoS and preoperative compression ratio. 

The results of independent samples t-test performed to 

compare age, LoS, and preoperative AVH variables between 

the groups are given in Table 1. The results showed that there 

was no statistically significant difference between the groups in 

terms of age (p=0.056), LoS (p=0.909), and preoperative AVH 

(p=0.499). 

Table 2 shows the results of Fisher’s Exact Test, which was 

conducted for the gender comparison between the groups. The 

analysis showed that there was no statistically significant differ-

ence between the groups in terms of gender (p=0.664). 

Table 3 shows the results of the independent samples t-test 

performed to compare the preoperative and postoperative VAS 

and ODI scores of the groups. No statistically significant differ-

ence was observed between the groups in terms of preoperative 

(p=0.054), postoperative first-month (p=0.697), sixth-month 

(p=0.555), and first-year (p=0.420) VAS scores. Similarly, there 

was no statistically significant difference between the groups 

in terms of preoperative (p=0.034), postoperative first-month 

(p=0.457), sixth-month (p=0.430), and first-year (p=0.411) ODI 

scores. 

Figure 2 shows a visual analysis of the changes in VAS scores 

by groups. In both groups, it was observed that there was a sig-

nificant decrease in VAS scores in the postoperative first month 

and that VAS scores remained almost the same in later times. 

Table 1. Comparison of age, LoS, and preoperative AVH variables by 
groups

Groups Mean±SD p-value
Age (yr) Group 1 71.95±8.56 0.056

Group 2 76.95±8.30
LoS (d) Group 1 651.00±436.68 0.909

Group 2 635.82±438.03
Preoperative AVH (%) Group 1 74.32±14.17 0.499

Group 2 77.27±14.53

Table 2. Comparison of genders between groups

Gender
p-value

F M
Group 1, n (%) 20 (90.9) 2 (9.1) 0.664
Group 2, n (%) 18 (81.8) 4 (18.2)
Total, n (%) 38 (86.4) 6 (13.6)
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Table 3. Comparison of preoperative and postoperative VAS and 
ODI scores by groups

Groups Mean±SD p-value
Preoperative VAS score Group 1 9.14±0.56 0.054

Group 2 8.82±0.50
Postoperative first-month VAS score Group 1 2.09±1.57 0.697

Group 2 1.91±1.51
Postoperative sixth-month VAS score Group 1 1.77±1.31 0.555

Group 2 1.55±1.22
Postoperative first-yearVAS score Group 1 1.41±1.10 0.420

Group 2 1.14±1.13
Preoperative ODI score Group 1 83.82±6.17 0.034

Group 2 80.00±5.35
Postoperative first-month ODI score Group 1 20.18±16.27 0.457

Group 2 16.73±14.18
Postoperative sixth-month ODI score Group 1 17.81±14.60 0.430

Group 2 14.55±12.58
Postoperative first-year ODI score Group 1 15.18±12.55 0.411

Group 2 12.27±10.62
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Figure 2. Preoperative and postoperative mean VAS scores by 
groups.
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Figure 3. Preoperative and postoperative mean ODI scores by 
groups.

Variance analysis findings of the changes observed in VAS 

scores before and after the intervention were as follows. The 

difference observed in VAS scores over time was found to be 

significant (p<0.001, partial η2=0.97) whereas the difference 

observed between the groups (p=0.416, partial η2=0.02) and the 

difference observed between the groups over time (p=0.971, 

partial η2=0.00) were not statistically significant. In other words, 

VAS scores of the patients were observed to be changed after 

surgery, but this change did not differ between the groups. 

Comparisons were analyzed with Bonferroni corrections to 

determine which measurements the difference was between. 

The analysis showed that there was a statistically significant 

difference between the preoperative VAS scores and postoper-

ative first-month (pbonf<0.001), sixth-month (pbonf<0.001), and 

first-year (pbonf<0.001) VAS scores. However, no statistically 

significant difference was observed between the postopera-

tive first-month values and postoperative sixth-month values 

(pbonf=0.130), and between the postoperative sixth-month 

values and postoperative first-year values (pbonf=0.057) where-

as there was a statistically significant difference between the 

preoperative values and postoperative first-month (pbonf<0.001) 

values. In other words, a significant decrease was observed in 

the VAS values of the patients in the first month following the 

intervention, and this decrease was observed to remain con-

stant in the following months.  

Figure 3 shows a visual analysis of the changes in ODI scores 

by groups. In both groups, it was observed that there was a sig-

nificant decrease in ODI scores in the postoperative first month 

and that ODI scores remained almost the same in later times. 

Variance analysis findings of the changes observed in the 

ODI scores before and after the intervention were as follows. 

The difference observed in ODI scores over time was found to 

be significant (p<0.001, partial η2=0.97) whereas the difference 

observed between the groups (p=0.305, partial η2=0.03) and the 

difference observed between the groups over time (p=0.990, 

partial η2=0.0) were not statistically significant. In other words, 

ODI scores of the patients were observed to be changed after 

surgery, but this change did not differ between the groups. 

Comparisons were analyzed with Bonferroni corrections to 

determine which measurements the difference was between. 

The analysis showed that there was a statistically significant 
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difference between the preoperative ODI scores and postoper-

ative first-month (pbonf<0.001), sixth-month (pbonf<0.001), and 

first-year (pbonf<0.001) ODI scores. However, no statistically 

significant difference was observed between the postopera-

tive first-month values and postoperative sixth-month values 

(pbonf=0.610), and between the postoperative sixth-month 

values and postoperative first-year values (pbonf=0.464) where-

as there was a statistically significant difference between the 

preoperative values and postoperative first-month (pbonf<0.001) 

values. In other words, a significant decrease was observed in 

the ODI values of the patients in the first month following the 

surgery, and this decrease was observed to remain constant in 

the following months. 

DISCUSSION 

Percutaneous vertebroplasty is widely used throughout the 

world, particularly in elderly patients, for osteoporotic, trau-

matic, and pathological VCFs [4]. Bone cement leakage is one 

of the most common complications of the PVP procedure. It 

may result in neurological losses by causing spinal cord and 

nerve root damage and may leak into the blood vessel, causing 

pulmonary embolism. Surgical instruments, bone cement ma-

terial used, and the dosage and time of bone cement injection 

are important parameters to prevent leakage during PVP [5]. 

High-viscosity PMMA polymerizes at lower temperatures. It 

reaches high viscosity in a short time and can be injected slow-

ly [6]. 

In some studies, the complications of PVP have been asso-

ciated with high-dose PMMA injection whereas there are also 

studies reporting no relationship between the complications 

and the dose of injected cement. It has been suggested that 

there is a relationship between the leakage and consistency 

of PMMA. The authors have reported that injecting bone ce-

ment after waiting for some time when there is leakage leads 

to solidification and less PMMA leakage [7,8]. In another study 

conducted in 2002, it was found that epidural leakage of PMMA 

after PVP was dose-dependent and that the amount of PMMA 

injected increased, the incidence of leakage also increased [9]. 

Since there was no PMMA leakage that could cause serious 

complications in the present study, no comparison was made. 

In a recently published study involving 130 patients, who 

underwent percutaneous vertebral augmentation, all patients 

received 2- to 6-mL cement injections per vertebra during the 

procedure, and PMMA leakage to the vena cava was found in 

two cases and to the intervertebral disc was found in eight pa-

tients [10]. In another recent study comparing high-viscosity 

bone cement and low-viscosity bone cement, in which PVP 

was performed in a total of 80 patients with single-level OVCF, 

no statistically significant difference was observed in terms of 

VAS and ODI scores whereas high-viscosity bone cement was 

reported to cause less PMMA leakage [11]. In the present study, 

the absence of serious bone cement leakage in both groups 

may be attributed to the fact that high-viscosity PMMA, which 

is more effective and safer, has been preferred. 

In a study published in 2016, cement injection volume was 

shown to have a positive dose-response correlation with the 

incidence of PMMA leakage and the degree of pain relief after 

PVP and thus, it was recommended that the cement should be 

injected into the vertebrae as much as possible during the PVP 

procedure [12]. Different results may have been obtained in 

the present study since the patients have been divided into two 

groups according to the injection dose and different PMMA in-

jection volumes have been compared. 

In a study published in 2019, the incidence of adjacent verte-

bral fractures was reported to increase when PMMA injection 

volume exceeded 40.5% of the vertebral body [13]. Therefore, 

this finding should be considered when injecting large amounts 

of PMMA. Optimal result with small volumes of PMMA should 

be the main objective. 

The mean amount of injected cement varies in different stud-

ies mostly from 1.5 to 5.3 mL14). In the present study, the mean 

amount of PMMA injected was 3.7 mL and 4.9 mL in Group 1 

and Group 2, respectively. The values compared are compati-

ble with the literature data. There is a volume difference of 1.2 

mL between the mean values in both groups. 

In the literature, there are several studies comparing kyph-

oplasty with vertebroplasty and unilateral PMMA injection 

with bilateral PMMA injection [15-20]. There are many studies 

in this regard; however, the number of studies comparing the 

clinical results of different PMMA injection volumes is quite 

limited. 

1. Limitations 

This study was conducted as a single-center study and had a 

relatively small sample size. Therefore, there is a need for large-

scale multicenter studies. 

CONCLUSION 

In conclusion, the present study has shown that there is no 

significant relationship between injection volume of high-vis-

cosity PMMA and clinical efficacy. Furthermore, good clinical 
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results can be achieved with low injection volumes like 3–4 mL. 

Considering that it causes less leakage, bone cement injected 

at low doses may be considered as the first choice in the treat-

ment of OVCFs. 
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INTRODUCTION 

Microsurgical unilateral laminotomy for bilateral decom-

pression (ULBD) provides an effective and largely stability 

preserving treatment for lumbar spinal stenosis (LSS) [1,2]. The 

advantages of the technique are the paramedian less muscle 

tissue traumatizing approach, either if a tubular retractor or a 

miniaturized speculum retractor is inserted, and the complete 

preservation of the dorsal midline inter- and supraspinous ana-

tomical structures. However, a limitation is the larger facet joint 

(FJ) resection on the approach side compared with the contra-
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lateral one. Therefore, in multisegemental decompression the 

“slalom technique” has been recommended in order to distrib-

ute the biomechanical load on the weakened FJs [3]. 

The muscle-sparing interlaminar decompression (MILD) is 

also a minimally invasive surgical technique for LSS [4,5]. The 

strict midline approach weakens at some extent the ligaments 

and the adjacent spinous processes. However, it spares the 

muscle tissue and allows for an excellent funnel-shaped view 

of the intraspinal space. Furthermore, the FJ can be mostly pre-

served or, if needed, drilled off symmetrically. 

This note describes a surgical technique which aims to com-



bine the advantageous paramedian approach of the ULBD 

sparing the midline ligaments with the facet-sparing decom-

pression of the MILD procedure. For the sake of simplicity this 

blended technique is named the medialized ULBD (mULBD). 

MATERIALS AND METHODS 

1. Patients and Methods 

The inclusion criteria were as follows: (1) Neurogenic claudi-

cation after failure of an adquate conservative therapy and with 

imaging confirming a single or multi-level LSS; (2) Minimum 

age: 75 years. This lower age limit was chosen with regard to 

the radiation protection; (3) Informed consent to undergo a 

pre/postoperative ultra-low-dose CT (ULD-CT) of the target 

facet joints. The exclusion criteria were: (1) previous surgery of 

the index level/s; (2) spondylolisthesis classified as Meyerding 

grade 2 or higher. 

2. Choice of Surgical Procedure 

Five board certified orthopedic or neurological surgeons 

(range of experience: from 6 to 30 years) performed the pro-

cedures. In a consensus conference it was agreed that the fol-

lowing parameters increase the potential risk of postoperative 

segmental instability: (1) disc height >6.5 mm; (2) mobile spon-

dylolisthesis Meyerding grade 1; (3) degenerative scoliosis with 

Cobb angle >15°; (4) facet joint effusions; (5) high sagittal orien-

tation of the facet joints; (6) short interfacettal distance; and (7) 

BMI >30. The presence of one or more of the mentioned factors 

led the surgeon to choose the mULBD technique. In planning a 

multi-level decompression the hybrid choice, i.e. ULBD at one 

level and mULBD at a different level, was also given. 

3. Surgical Technique 

Both microsurgical ULBD and MILD have been described 

in detail in the past [1,2,5]. The differences between ULBD and 

mULBD are summarized in Table 1 and shown in Figure 1. The 

following description refers to the use of a table fixed, minia-

turized speculum-retractor but a tubular retractor is suitable as 

well (Figure 2). 

In our hands mULBD is performed best with the help of a 

microscope from skin o skin. For safety reasons, the patient is 

secured with a belt on the gluetal area. This becomes helpful 

when the table has to be tilted. A 2-cm skin incision does not 

allow a “seek and find” surgery. The needle for preoperative 

labeling of the target level is inserted contralateral to the in-

tended surgical side to avoid subcutaneous or intramuscular 

hematoma and 5–10 mm off the midline to prevent inadver-

tent cerebrospinal fluid leakage. The incised fascia is secured 

with few holding sutures. The paramedian muscle tissue is 

retracted from the interspinous ligament and from the lateral 

surface of the spinous process (SP). Any ipsilateral thickening 

of the tip of the SP is flattened with the diamond dust coated 

burr. A miniaturized speculum or an expandable tubular re-

tractor is centered on the spinolaminar junction. The ipsilat-

eral deep half of the SP is drilled off until the cranial insertion 

of the yellow ligament (YL) becomes visible. Furthermore, the 

basal SP should be thinned out contralaterally until the mid-

Table 1. Comparison of the key surgical steps between ULBD and mULBD

ULBD mULBD
Skin incision Skin incision of 25 mm length - 10 mm paramedian The same
Soft tissue dissection Incision of subcutaneous tissue and fascia, blunt splitting of 

paraspinous muscle tissue.
The same and, if necessary, drill the prominent tip of the SP 

with the diamond dust coated burr flat to its lateral sur-
face.

Insertion of the retractor Center on the lamino-facet junction and on the inferior edge 
of the lamina.

Center on the spino-laminar junction and on the inferior 
edge of the lamina.

Bone resection Drill off the caudad half of the lamina to access the cranial 
insertion of the YL.

Drill off the basal half of the SP to access the cranial inser-
tion of the YL and to view both medial leaves of the YL and 
the epidural fat in between.

YL resection Ipsilateral until the lateral border of the thecal sac and de-
compression of the root in the lateral recess

Tilt the table 15° away and start contralateral decompres-
sion.

Contralateral decompression Tilt the table 15° away, medialize the retractor and start 
contralateral decompression.

Switch to the opposite side. Tilt table and retractor to get an 
optimal line of sight between tip of the SP and medial part 
of the facet joint. Undercut the facet preferably with 
thin-footplate, curved 2 & 3 mm punches.

Final check and closure On both sides the lateral border of the thecal sac should pul-
sate freely. The traversing root should be visible up to the 
medial wall of the pedicle.

The same

YL: yellow ligament, SP: spinous process.
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line epidural fat and the medial part of the contralateral YL 

can be seen. 

Differently from the ULBD technique, as first step the contra-

lateral YL is resected piece by piece with thin-footplate punch-

es. The curved variant enables to slip underneath the facet and 

to bite the YL (Figure 3A–C). Once the contralateral dural sac 

and the traversing root are decompressed, the surgeon switch-

es to the opposite side. The surgeon tilts the table back until the 

line of sight between SP and medial FJ is optimal. Similarly, to 

the previous decompression, the thickened YL is resected pay-

ing attention to avoid a dural tear (Figure 3D). 

Meticulous epidural hemostasis is performed, and oozing 

bone surfaces are waxed. No drain is usually needed. Closure 

by layers. 

Going into detail of the YL – resection, there are two options: 

-  To keep the YL intact as long as the bone resection (e.g. the 

medial part of the ipsilateral facet joint or the deep half of 

the contralateral lamina) is completed and then remove 

the YL more or less en bloc. Advantages: “safe feeling” 

while working with drill or rongeurs and “less pressure” 

when dissecting the YL from the dura. Disadvantage: un-

necessary removal of bone as often the resection of the ex-

tremely thickened YL decompresses adequately the dural 

sac (Figure 4). 

-  Piecemeal resection of the YL. Advantages: mostly, no bone 

resection at all is necessary and a targeted decompression 

can be “tailored” precisely due to the early visual control of 

the neurostructures. Disadvantages: increased risk to tear a 

sticky dura and therefore time consuming repeated gently 

dissection of the interface between YL and dura. 

In this setting we opted for the piecemeal resection as our 

A

B

C E

D F

Figure 1. (A, B): conventional drilling at the lamino-facet junction on the approach side (ULBD) vs. drilling off the basal half of the spi-
nous process at the spino-laminar junction (mULBD); (C, D) area of resected bone (red); (E, F): postop CT comparing the bone defects (ULBD 
133 mm² vs. mULBD 63 mm²).

Figure 2. (A) Miniaturized speculum-retractor; (B) Tubular retrac-
tor (⏀18 mm).

A B
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priority was the preservation of the maximum FJ-volume com-

patible with a thorough decompression. 

4. Evaluation 

1) Clinical Outcomes 
Due to the restrictions imposed by the Covid-pandemia, 

the patients could not be followed up clinically and radiolog-

ically. They were interviewed by phone and answered the six 

questions of the Spinal Stenosis Measure (SSM, also known as 

Zuerich Claudication Questionnaire, ZCQ) [6] referring to post-

operative patient’s satisfaction (Likert scale responses: 1. very 

satisfied; 2. somewhat satisfied; 3. somewhat dissatisfied, and 

4. very dissatisfied) with the overall result, the relief of pain, the 

ability to walk, the ability to do the housework or the job, the 

strength in the legs, and the balance on the feet. A score of 2.5 

can be considered the cutoff between satisfied and unsatisfied 

patients. SSM is a disease-specific self-report outcome instru-

ment commonly used in patients with LSS and is recommend-

ed by the North American Spine Society as the “gold standard”. 

2) Radiological Evaluation 
A biplanar standing X-Ray was routinely performed preoper-

atively. Most patients presented with lumbar MRI. Due to obe-

A B C D

Figure 3. Intraoperative steps of mULBD: (A) The cranial insertion of the YL has been exposed. A hook separates both medial leaves (yellow 
arrows); (B): The epidural midline fat marks the anatomical midline between the leaves of the YL (yellow arrows). Note the symmetry of 
the exposure which is due to the resection of the basal half of the SP; (C) The decompression starts contralateral after tilting the table 
15° away from the surgeon and medializing the micro. The dura (white star) is deflected by a very thick YL (yellow arrows). In the axial 
MRI the YLCSA is 301 mm² compared with merely 17 mm² DCSA. The resection of YL decompresses the dura adequately without any ad-
ditional bone drilling; (D) After switching to the contralateral side, the surgeon optimizes the line of sight between SP and medial FJ and 
decompresses the dura (white star). Rongeurs with curved shaft and thin footplate facilitate the resection of YL underneath the FJ.

A B C

Figure 4. Clinical case: A 73-year-old lady complains about a walking distance reduced to 300 m due to pain (NRS 9/10) irradiating into 
the legs. Stooping and sitting provide relief. (A) The standing X-Ray shows a fixed slip L3/L4; (B) The MRI confirms a stenotic level L3/L4 
grade C, according to the classification of Schizas et al. [9]; (C) The YLCSA (153 mm²) is larger than the DCSA (39 mm²). Cranial redun-
dant nerve roots are evident. The finding L4/L5 is less impressive, however requires decompression.
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sity or claustrophobia, nine patients presented with lumbar CT. 

All patients, except two, agreed (informed consent) to undergo 

an ultra-low-dose -CT scan (ULD-CT; Somatom Definition AS 

64, manufacturer: Siemens-Healthcare GmbH, Erlangen, Ger-

many) of the target facet joints pre- and post- (if preop MRI) 

or only postoperatively (if preop CT). Iterative reconstruction 

which allows for improved image quality, decreased noise 

(31%), and a subsequent dose reduction (up to 60%) was in-

tegrated into the ULD protocol [7]. Two investigators tracked 

independently on the bony window axial CT-slices the con-

tours of the facet joints (14±3 slices per facet joint). A specific 

software (Syngo.via; manufacturer: Siemens  

Healthcare GmbH, Erlangen, Germany) reconstructed the 

volume of the facet joint (VOI, volume of interest). The reliabili-

ty of the measurements with one week interval had been tested 

previously. The ICC results were interpreted according to Koo 

and Li [8]. The data of the first read showed “good” to “excellent” 

inter-rater reliability values (range: к 0.76 to к 0.92). Inter-rater 

reliability for the second read ranged from “moderate” to “ex-

cellent” (range: к 0.65 to к 0.97). Intra-rater reliability ranged 

from “good” to “excellent” for both readers (range: к 0.86 to к 

0.94 and к 0.93 to к 0.97, respectively). 

3) Statistical Analysis 
Mean and standard deviation (SD) were used to describe 

the changes between preoperative and postoperative contin-

uous variables, with discontinuous variables as percentages. 

The Levene-test was used to assess the normal distribution of 

values. Unpaired Student t-test was peformed for two paramet-

ric independent means. A Mann-Whitney U-test was used to 

compare the parameters without normal distribution. Categor-

ical data were compared with the Fishers’s exact test. p<0.05 

(two-tailed) was considered significant. Inter- and Intra-rater 

reliability were calculated with the use of intraclass correlation 

coefficients (ICC). A two-way mixed effects model with an ab-

solute agreement definition was used [8]. Inter-rater reliability 

was calculated for each variable for the 1st and 2nd reads. In-

tra-rater reliability was calculated for each rater. The SPSS ver-

sion 24.0 (SPSS Inc., Chicago, IL, USA) was used. 

4) Ethics Approval 
The Ethics Committee of the Federal State of Hamburg, 

Germany, deliberated (WF 198/20) that retrospective observa-

tional studies do not require approval whenever the data are 

acquired, treated and saved anonymously. This applies to the 

present study. The study was performed in accordance with 

the ethical standards as laid down in the 1964 Declaration of 

Helsinki and its later amendments or comparable ethical stan-

dards. 

RESULTS 

1. Clinical Outcome 

1) Demographic Data 
Between 2019 and 2020, 64 Patients presenting with neu-

rogenic claudication underwent single or multilevel decom-

pression with ULBD (29), mULBD (29) or hybrid (6) specific 

for each level according to the judgement of the surgeon. By 

chance the cohort included 32 males and 32 females; the mean 

age was 81±3 years. Forty-three pairs of facet joints were ad-

dressed with ULBD and 43 pairs with mULBD. Neither before 

surgery was there a significant difference between the groups in 

the Body Mass Index (BMI) or in symptoms as low back and leg 

pain and walking distance, nor after surgery in satisfaction with 

the surgical treatment. Demographic and clinical data, and the 

outcome parameters are summarized in Table 2. 

2) Surgical Aspects 
The parameters increasing the risk of potential postoperative 

segmental instability influenced the choice of the surgical tech-

nique. In the levels decompressed with mULBD the prevalence 

of bilateral facet joint fluid, segmental scoliotic angle, sagittal 

slip, low interfacettal distance and steep sagittal facet joint angle 

was significantly higher than in the ULBD cohort (Table 3). The 

latter two parameters are anatomically typical for the levels L2/

L3 and L3/L4 and become more severe in LSS. That explains 

why those levels accounted for almost two-third of the mULBD 

decompressions but for less than half of the ULBD procedures. 

The surgical time per level (mULBD: 70 min vs. ULBD 66 min) 

was similar (Table 4). Apparently, the modifications of the 

mULBD were intuitive and shortened the learning curve, inde-

pendently from the experience of the surgeon. 

None of the patients interviewed by phone underwent re-

vision surgery after discharge. However, three early revisions 

occurred: two for epidural hematoma. In one patient present-

ing with neurogenic claudication, L2/L3 has been treated with 

mULBD technique and L3/L4 with ULBD decompression. An 

additional fixed spondylolisthesis L4/L5 had to be decompre-

seed and fixed one week after the first surgery because of a 

persistent radicular pain L5. The further course was uneventful. 

Five dural lesions (ULBD: 3 vs. mULBD: 2) were closed intra-

operatively and did not influnce the postoperative healing pro-

cess. 
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2. Radiological Evaluation 

The most relevant imaging data are shown in Table 3 [9]. 

The comparison of the prevalence of risk factors for potential 

postoperative segmental instability, which were agreed upon 

in the consensus meeting, showed a higher prevalence in the 

mULBD group. This held true for facet joint fuid, for scoliotic 

segmental deformity , and for marked sagittal facet angle. A hy-

pothetical explanation for the lower disc height in the mULBD 

group was the more severe spine degeneration demonstrated 

by the higher prevalence of FJ-fluid and scoliotic deformity. 

The data confirmed the homogenous decision making process 

of the surgeons. 

The preoperative DCSA was smaller in the ULBD cohort (51 

mm² vs. 62 mm²) due to higher prevalence of stenotic levels 

grade D (16 vs. 11) acc. to the Schizas classification. Howev-

er, the postoperative DCSA was similar (ULBD: 152 mm² vs. 

mULBD: 153 mm²). These data confirmed the non inferiority of 

the mULBD compared with the benchmark ULBD. 

The preservation of the FJ-volume was similar in all the 

“oblique” approaches to the medial part of the FJ (ULBD con-

tralateral: 88%±6%; mULBD approach side: 87%±6%; mULBD 

contralateral: 91%±6%) but significantly better than in the 

ipsilateral approach side of the conventional ULBD (70%±5%; 

p<0.001) (Figure 5). These data confirmed that mULBD when 

compared with ULBD provided an effective decompression of 

the dural sac while preserving the ipsilateral FJ-volume. 

DISCUSSION 

Although microsurgical decompression techniques for LSS 

have become very popular because they achieve satisfactory 

clinical and radiological results [10-12], several authors have 

reported the need of preserving the facet joints as much as 

possible [13-15]. In the daily practice three groups of patients 

presenting with LSS are seen: 1. Patients with stable stenotic 

level(s) of a lumbar spine with age-corresponding profile; 2. 

Patients with frankly unstable stenotic level(s); 3. Patients with 

stenotic level(s) bearing risk factors, listed above, which po-

tentially favor postoperative instability. Whereas the surgical 

decision making is quite straightforward in the first two groups, 

it may become difficult in the last one, especially if the patient 

Table 2. Demographic and clinical data

mULBD ULBD Hybrid
Demographics
 No of patients 29 29 6
 Mean age (±SD) 80±3 81±4 80±3
 Female:male 18:12 12:17 3:3
 BMI 26.2±3.5 26.1±3.5 27.2±3.3
Preoperative
 LBP (VAS) 3.5±2.1 3.1±2.7 3.0±0.7
 Leg pain (VAS) 5.9±2.0 6.9±1.8 7.2±1.9
 Walking time (min) 10.7±9.1 7.8±5.6 12.6±7.3
Postoperative
 SSM-Satisfaction subscale 12.1±5.3 12.9±4.9 11.3±4.4
 Cut off satisfied <2.5 >unsatisfied 2.0 2.1 1.9
 FU (mean; months) 10.7 8.3 6.3
 Drop-out 3 4 0

BMI: body mass index, LBP: low back pain, VAS: visual analogue scale, 
SSM: spinal stenosis measure, SSM-Satisfaction subscale: 6 items asked 
(Likert score 1 to 4); total score 6 (best) to 24 (worst), Cut off: for each 
item, FU: follow up.
None of the difference between the parameters was statistically significant.

Table 3. Imaging data

mULBD ULBD
Stenosis acc. to Schizas et al. [9]
 Grade B 0 2 (5%)
 Grade C 32 (74%) 25 (58%)
 Grade D 11(26%) 16 (37%)
No FJ fluid (0) 20 (47%) 28 (65%)**
Unilateral FJ fluid (1) 9 (20%) 8 (19%)
Bilateral FJ fluid (2) 14 (33%) 7 (16%)
Patients with MRI/Xray-slip 9 (28%) 4 (13%)*
 mm slip (mean) 5 4
Scoliotic levels 32 (74%) 23 (53%)*
 Scoliosis ° 14°±8° 12°±5°
Disc height (mm) 8.0±2.7 9.6±2.7*
Sagittal FJ angle 25.6°±8.2° 30.2°±8.9°**

FJ: facet joint.
*p<0.05; **p<0.001; values: mean±SD.

Table 4. Surgical data

mULBD ULBD
Level of surgery (%) L1/L2 (2%) L1/L2 (2%)

L2/L3 (30%) L2/L3 (14%)
L3/L4 (33%) L3/L4 (33%)
L4/L5 (35%) L4/L5 (51%)

Surgical time per level (min) 70±14 66±15
DCSA preop (mm²) 62.4±23.4 50.5±17.7*
DCSA postop (mm²) 152.7±25.9 151.7±30.0
FJ volume preserved (%)
 on the approach side 88.42±5.58 70.19±4.49**
 on the contralateral side 90.69±5.96 86.92±6.46

DCSA: dural cross sectional area, FJ: facet joint.
*p<0.05; **p<0.001; values: mean±SD.
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is very reluctant toward additional fixation. The attempt to pre-

serve completely the supra- and interspinous ligaments and 

the FJ as much as compatible with a thorough decompression 

of the dural sac via a unilateral approach has led us to melt sur-

gical steps borrowed from ULBD and MILD. 

Arai et al. [16] compared both techniques in a prospective 

study. The clinical improvement of the patients at two years 

was comparable. However, the significant more back pain fol-

lowing ULBD multi-level decompressions at the cranial level, 

L2-L4, was thought to be correlated with the lateral wedging on 

the side of the weakened facet joint shown by the AP-view of 

the standing X-ray. Hartmann et al. [17] had shown in a cadav-

er study, that detaching the supraspinous ligament caused a 

significant increase in ROM during flexion/extension [17]. The 

postoperative lower back pain following MILD was thought to 

be correlated with the significant higher sagittal translation at 

the L4/L5 level.  

The learning curve of mULBD is steep, the technique does 

not require additional sophisticated instruments, and the rate 

of complications does not execeed that of comparable mini-

mally invasive procedures. Alternative options are a bilateral 

tubular approach [12,15] or an endoscopic decompression 

[18-20]. 

In several biomechanical studies the critical threshold for 

beginning segmental instability, usually for its rotational com-

ponent, is reported to occur at 30% resection of the FJ [21-24]. 

Ahuja et al. [21] assessed in a finite element model study the 

effect of graded FJ resection. Although, compared with the con-

trol the modest increase (5% to 8%) of spinal fluctuation in the 

sagittal and coronal plane was similar in uni- vs. bilateral 30% 

facetectomy, the facet loading during flexion/extension and 

the rise of intradiscal pressure were higher in the uni- than in 

the bilateral facetectomy. An explanation could be the uneven 

distribution of the biomechanical load. In the clinical pratice 

concomitant potentially destabilizing factors as low grade 

degenerative spondylolisthesis, sagittal oriented facet joints, 

scoliotic deformity, large disc height, and obesity are expected 

to lower the safety range. Even in anatomical normal but chal-

lenging cranial lumbar levels, with a low interfacettal distance 

and facet angles usually less than 35 degrees, the facet integrity 

Figure 5. Postoperative ULD-CT of the same patient. (A) The basal half of the SP L3 has been drilled off; (B) On the coronal slice the L3/
L4 left-sided mULBD decompression (white arrow) is centered compared with the right-sided L4/L5 ULBD decompression (black arrow). A 
ULBD decompression L3/L4 would have involved more FJ (white line); (C–E) The volume of the right FJ L3/L4 measured with Syngo.via; (F) 
3D-CT shows the postoperative bone defects mULBD (yellow arrows) and ULBD (red arrows).

A B

C D E F
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is at risk [25].Therefore, provided a satisfactory decompression 

of the neural structures, the FJ can not be preserved enough. 

In most patients presenting with LSS, the preoperative axial 

T2W MRI-slices shows at the stenotic level(s) a much larger 

cross-sectional area of the YL than of the dural sac. Starting 

the decompression by resecting the YL provides the chance of 

achieving an excellent relief of the dural sac while avoiding ad-

ditional drilling off of biomechanical relevant bony structures. 

After a short learning curve this surgical option, which by the 

time became our favorite one, is as safe and quick as the alter-

native of keeping the thickend YL intact like a protection layer 

while enlarging the bony spinal canal. 

One strength of the present study is that the volumes of the 

FJs have been measured with a commercially available soft-

ware, originally developed for calculating tumor volumes. This 

method provides a better accuracy than measuring the FJs in 

areas or distances which do not mirror the 3D structure. 

Nevertheless, limitations constrain this study. First, it is a 

retrospective study with the known potential bias. Second, due 

to the limitations caused by the pandemia the quantity and 

quality of the follow up data are modest. However, the clinical 

non-inferiority benchmark, compared with ULBD, has been 

reached and the radiological benchmark has been surpassed. 

CONCLUSION 

The medialized ULBD technique provides an effective de-

compression of lumbar spinal stenosis and a significant better 

preservation of the facet joint on the approach side than the 

conventional ULBD. 
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Direct Anterior Screw Fixation in a Type II Odontoid 
Fracture with a Fused C2–C3: A Technical Report 
Arvind Gopalrao Kulkarni, Tushar Satish Kunder 

Mumbai Spine Scoliosis & Disc Replacement Centre and Department of Orthopaedic Surgery, Bombay Hospital and Medical Research Centre, 
Mumbai, India 

To describe an innovative technique of direct anterior screw fixation in type II odontoid fracture 
with a congenitally fused C2–C3 vertebrae. Direct anterior screw fixation for type II odontoid 
fractures restores C1–C2 rotatory movement and allows early rehabilitation. Conventionally this 
technique involves entry of the screw through the C2–C3 intervertebral space. The challenge in 
the described case was the absence of a working C2–C3 interspace. This is one of the first few 
reports of the use of the direct anterior screw approach in congenitally fused C2–C3 situation. 
An 18-year-old male suffered a post- traumatic Type II displaced odontoid fracture without any 
neurological deficits. This patient also had a congenitally fused C2–C3 vertebra. Direct anterior 
screw fixation was performed using the C3–C4 interspace with a 55×3.5 mm partially-thread-
ed-cannulated screw. The unusual long curvilinear trajectory owing to the fused C2–C3 verte-
brae proved to be technically demanding. The patient tolerated the procedure well. Direct ante-
rior screw fixation is a feasible option in type II odontoid fractures with congenitally fused C2–
C3 vertebrae. The subtle modifications required for this procedure are use of a longer screw and 
entry point at the C3–C4 interspace. 

Key Words: Odontoid process, Fracture, Cervical spine, Spinal fracture, Trauma, Fracture fixa-
tion, Endoscopic surgery

INTRODUCTION 

Direct anterior screw fixation described by Böhler and Na-

kanishi in 1982 has gained popularity as the treatment of choice 

for selected cases of type II odontoid fractures [1,2]. The advan-

tage being restoration of the C1–C2 rotatory movement, this 

technique uses the C2–C3 interspace and the inferior aspect 

of C2 as the entry point for the odontoid screw [3]. Congenital 

fusion of C2–C3 in this setting poses a unique challenge in 

performing this procedure in view of a longer and curvaceous 

trajectory. The patient described in this case report successfully 

underwent an anterior screw fixation in type II odontoid frac-
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ture in the background of congenital C2–C3 fusion. 

CASE REPORT 

An 18-year-old male presented to the emergency department 

after a car accident with neck pain and difficulty in turning his 

neck. Clinical examination entailed no focal neurological defi-

cits. CT scans revealed a Type II odontoid fracture with 6mm 

posterior displacement and congenital fusion of the C2–C3 

vertebral body (Figure 1). MRI revealed absence of cord injury 

(Figure 2). A plan for osteosynthesis with direct anterior screw 

fixation was made.  



Figure 1. CT scans revealing Type II fracture of the odontoid with C2–C3 autofusion.

Figure 2. Pre-operative MRI scans of the patient.

1. Operation  

A horizontal 2 cm incision over the skin crease was taken 

at the C5–C6 level. Anterior neck dissection was carried out 

between appropriate tissue planes. The C3–C4 interspace was 

localized using bi-planar fluoroscopy. A pilot hole was driven 

through the C3–C4 intervertebral space starting exactly in the 

midline at the inferior aspect of the C3 vertebral body. Re-
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duction manoeuvre was performed under anaesthesia with 

digital manipulation of the proximal fragment intra-orally 

under fluoroscopy guidance. The guide wire was driven using 

a power-drill through the proximal and distal fragments. The 

direction and the trajectory gets tricky in situations with C2–C3 

fusion because the bony anatomy is rendered more curvaceous 

(Figure 3). A core drill was used followed by a tap to delineate 

the screw trajectory. A 55 mm length partially threaded 3.5 mm 

diameter cancellous screw was driven through the fracture, 

such that a strong purchase was achieved in the distal cortex 

to accomplish compression at the fracture site. Position of the 

screw was confirmed fluoroscopically. The wound was closed 

in layers following haemostasis and cosmetic sub-cuticular su-

tures were applied. 

2. Post-operative Course 

Patient was mobilized on the first post-operative day. Radio-

graphs at 3 months post-surgery showed stable fracture union 

(Figure 4). CT imaging at 3 years post-surgery shows bony fu-

sion at the fracture site (Figure 5, 6). Patient also retained full 

function at final follow up. 

DISCUSSION 

Direct anterior screw fixation in odontoid type-II fractures 

is an established treatment option [3]. This surgery not only 

provides excellent osteosynthesis and stability but also restores 

the rotatory movement at the C1–C2 joint in up to 83% of the 

patients, when compared to the other options of C1–C2 fusion 

[4]. Other advantages include avoidance of the long posterior 

incision, immediate patient mobilization and short hospital stay 

Figure 3. Illustration depicting the trajectory of the screw and the curvaceous anatomy of the vertebra in autofused C2–C3.

Figure 5. Coronal and sagittal CT scan at 3 years post-surgery.

Figure 4. Radiograph at 3 months post-surgery-lateral and trans-
oral AP views.
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Figure 6. Digitally enhanced CT scan image showing the posteriorly fused C2–C3 vertebra with the screw in situ and the presence of first 
thoracic vertebra in view with the rib attachment.

[5-7]. The focal point of the technique is identifying the C2–C3 

intervertebral space and using the inferior aspect of C2 vertebra 

for screw placement. This served as a stumbling block in the 

described patient who had a congenitally fused C2–C3. The 

prevalence of a fused C2–C3 is between 0.5% to 6.5% [8,9]. The 

rarity of the condition is responsible for the limited literature 

on the same. This technique was historically contraindicated 

in patients with an inaccessible C2–C3 intervertebral space, 

necessitating a conservative approach or a posterior surgery 

[10]. This is only the second such case described in the literature 

[10]. Posterior surgery included either a trans-articular screw 

placement or a segmental lateral mass fixation and fusion [11]. 

The patient in this case report had a congenital C2–C3 fusion 

which meant absence of a normal motion segment at the C2–

C3 level. A fusion at C1–C2 as a treatment option, although not 

wide of the mark, would sacrifice vital movement of flexion and 

rotation at an additional adjacent level resulting in a stiff neck 

in a young individual. The motion preservation property of the 

direct anterior screw surgery prompted the authors to concep-

tualize the described technique in the patient. In this technique 

the C3–C4 intervertebral space was identified and the central 

and inferior aspect of the C3 vertebral body was used as the 

screw entry point. A longer than usual cannulated cancellous 

lag screw measuring 55 mm was used for the same in view of the 

longer trajectory. The authors emphasize the stocking of longer 

screws in the surgical armamentarium in such cases (generally, 

odontoid screws measure 35–45 mm in length) [12-14]. 

CONCLUSION 

Direct anterior screw fixation is a feasible management 

option in patients with type II odontoid fractures in the back-

ground of a fused C2–C3. Use of a longer screw owing to the 

longer trajectory and the entry point at C3–C4 intervertebral 

space are the subtle modifications required to facilitate this 

procedure.  
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INTRODUCTION 

Spinal metastases cause a significant degree of morbidity in 

cancer patients. Foraminal deposits of cancer can compress 

the exiting nerve root causing severe radiculopathic pain. Sur-

gical management has classically included open debulking and 

instrumentation of adjacent levels ensuring spinal stability [1]. 
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allows for safe rhizolysis and subsequent fixation to maintain stability. We present the first case 
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lady presented with spinal metastases secondary to metastatic lung cancer. She underwent a 
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allows for a reduction in post-operative length of hospital stay, post-operative pain and an im-
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treatment when compared with an open approach. An endoscopic approach is beneficial for 
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This improves symptoms and quality of life, however can have 

a long recovery period with significant operative site pain, and 

limitations on normal activities. 

Minimally invasive spine surgery (MISS) has presented an 

alternate approach to open cases. This approach allows for 

smaller incision sites with less damage to the normal tissue, 

improving wound healing times [2], with a lower rate of wound 



dehiscence. In lumbar fusion cases, this results in less intra-op-

erative blood loss and a lower length of stay post-operatively [3]. 

This is particularly important in patients with metastatic cancer 

for many reasons, potentially reducing the recovery time and 

allowing for commencement of radiotherapy and systemic 

therapy at an earlier time due to quicker wound healing times. 

Endoscopic spine surgery represents the least invasive of all 

MISS approaches. To the knowledge of the authors, no cases 

have been published wherein an endoscopic partial vertebrec-

tomy has been used to treat symptomatic vertebral body me-

tastasis. 

CASE REPORT 

1. History 

A 58-year-old female presented with a ten-week history of 

lower back pain with a new right-sided L4 radiculopathy and 

associated sensory changes. She has a known background of 

metastatic non-small cell lung cancer (NSCLC) with L4 ver-

tebral body metastasis, previously treated with radiotherapy. 

Following a recent fall, her mobility had deteriorated requiring 

assistance for mobilisation. 

2. Examination 

She presented with an antalgic gait affecting her right leg. Her 

power was 5/5 over all lower limb myotomes and normal re-

flexes. She had a slight reduction to pinprick sensation over the 

right L4 dermatome. Her examination was otherwise normal. 

She had a sacral scar from a spinal cord stimulator for post-op-

erative pain following a hysterectomy which precluded MRI. 

Her CT scan demonstrated a pathological fracture of the right 

postero-inferior corner of the L4 vertebral body associated with a 

lytic metastasis. There was a retropulsed fragment extending into 

the right L4/5 foramen causing foraminal stenosis (Figure 1). 

The decision was made to pursue operative management of 

her radicular symptoms. Owing to the palliative nature of her 

metastatic NSCLC, the decision was made to use a MISS ap-

proach to facilitate rapid recovery. 

3. Operation 

Trajectory was planned off the preoperative CT through 

Kambin’s triangle, past the superior articular facet of L5 and 

docking on the L4/5 disc space (Figure 1). The patient was 

prone on a Jackson table. Percutaneous targeting needle was 

inserted to the superior articular facet then ‘walked’ down onto 

the L4/5 annulus under fluoroscopic control and intraoperative 

neuromonitoring with subsequent sequential dilators to allow 

for endoscope insertion (TESSYS, Joimax Inc., Irvine CA 92618, 

USA). L4-5 annulotomy using endoscopic rongeurs to create 

a ledge. Subsequent partial vertebrectomy under fluoroscopic 

guidance with the shaft of the rongeur used to deflect the exit-

ing nerve root (Figure 2). After removal of the retropulsed frag-

ment, the foraminotomy was extended to the residual superior 

articular process, with removal of the remaining ligamentum 

flavum to allow for sufficient neurolysis (Figure 3). 

Once sufficient decompression was obtained, percutane-

ous pedicle screw fixation was performed. Bilateral cemented 

screws were placed in L3 and L5, with a single non-cemented 

screw on the left side of L4. Post-operative CT scan confirmed 

Figure 1. (A) Sagittal CT scan taken pre-operatively demonstrat-
ing a posteroinferior L4 vertebral body fracture in the region of a 
lytic metastatic deposit. Note the presence of transitional anato-
my of L5 and the sacral stimulator leads. (B) Corresponding axial 
slice showing the retropulsed fragment into the right L4/5 neural 
foramen. (C) Pre-operative planning scan. Line 1 represents the 
ideal trajectory through Kambin’s triangle. Line 2 represents the 
distance from the midline to derive angle 4. Line 3 represents the 
depth at which the percutaneous targeting needle is expected to 
hit bone.

A
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symptomatic vertebral disease [4]. 

With the advent of MISS, surgical outcomes are improving, 

and many procedures are being optimised endoscopically. 

Early papers investigated benefits of endoscopic discectomy [5] 

and foraminotomy [6], which expanded over time to include 

spinal fusion [7,8]. Many benefits have been deduced from 

MISS approaches to spinal fusion, including reduced blood 

loss, decreased operative time, and decreased wound compli-

cations while maintaining similar outcomes for pain reduction 

and disability [9]. Finally, total recovery time has been demon-

strated to be significantly better in terms of length of hospital 

A B

Figure 2. (A) Intra-operative fluoroscopic view of rongeurs in 
both disc and vertebral body to create the cavity and excise bone 
fragments. (B) Intra-operative endoscopic view demonstrating the 
shaft of the rongeur deflecting the nerve root (NR).

A B

Figure 3. (A) Endoscopic view of the vertebral cavity. (B) Endo-
scopic view of the decompressed nerve root (NR). Disc (D) and 
remnant superior articular process (SAP) labelled for orientation.

A B

Figure 4. (A) Post-operative CT scan with sagittal slice demon-
strating a good degree of decompression of the neural foramen. (B) 
Axial slice demonstrating the channel used to successfully com-
plete the partial vertebrectomy.

adequate decompression of the foramen and well-seated hard-

ware (Figure 4). 

At follow up four months post-op her radiculopathic pain 

had completely resolved but some residual numbness re-

mained. Post-operative X-Ray demonstrated stable alignment 

of the vertebrae (Figure 5).  

4. Ethical Statement  

The patient consented to this report being written and con-

sented to undergo the procedure. 

DISCUSSION 

Spinal metastasis is a common feature of certain cancers 

such as prostate and lung. When bony deposits occur, tumour 

growth can cause localised pain due to bony destruction and 

compression of the spinal cord and neural elements, including 

the exiting nerve root. Partial and complete vertebrectomy have 

been shown to prevent further deterioration in patients with 

Figure 5. X-ray taken at 6 weeks post-operatively demonstrating 
stable vertebral body alignment and appropriate hardware place-
ment.
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stay [10] and time to return to work [11]. 

Benefits of MISS approaches are enhanced in patients with 

spinal metastases, where treatment is often palliative, due to 

life-limiting disease. Despite this, surgery has been demon-

strated to have significant benefits in pain reduction and ar-

restation of mobility decline [12]. MISS has a strong potential 

to provide additional benefits to this due to the propensity 

towards reduced hospital stay and time to return to work. In 

palliative patients, a MISS approach can reduce their recovery 

time and further benefit their quality of life. It is within this se-

lect group of vulnerable patients that endoscopic spine surgery, 

which represents the least invasive of all MISS approaches, may 

be potentially transformative. 

Multiple approaches have been used in endoscopic ap-

proaches to lumbar spinal pathology. We elected to use a trans-

foraminal endoscopic approach as it is well suited to treatment 

of pathologies requiring access to the foramen through Kam-

bin’s triangle [13], a natural anatomic corridor not otherwise 

reachable through traditional approaches without violation of 

native bony structures and disruption of the posterior tension 

band and paraspinal musculature. This approach provides 

good access to the intervertebral disc, allowing for highly 

effective decompression of the neural foramen due [14]. Cur-

rently, it has not been used for debulking of spinal metastases 

compressing the exiting nerve root, perhaps due to limitations 

in achieving adequate bony removal and haemostasis, and its 

inherently steep learning curve. The approach we presented 

allowed for effective removal of the lesion and decompression 

of the exiting nerve root. 

CONCLUSION 

This demonstrates the effectiveness of an endoscopic ap-

proach to treating symptomatic spinal metastases in a patient 

with known metastatic NSCLC. The endoscopic approach 

allows for adequate decompression of the nerve root while mi-

nimising post-operative pain. 
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come screen, click “Submit a Manuscript” button. After that, 

click “New Submissions” button to submit your new manu-

script and follow steps 1-8.

Step 1. Title, Abstract and Corresponding Author

Choose manuscript type, and enter your title and abstract 

into the appropriate boxes. If you need to insert a special 

character, click the “Special Characters” button. If you are 

submitting a manuscript that does not require an Abstract, 

please type N/A in the Abstract box. Please click the check 

box, if the corresponding author is the first author.

Step 2. Authors

Enter the personal information for the first author in the box-

es under “Add the First Author.”

Step 3. File Upload

The manuscript file (main text) should not include author’s’ 

New Manuscripts should be submitted online at the following URL: http://submit.jmisst.org/

name or name of affiliation. Upload and select the correct 

file designation for each. All images should be inserted into 

a PowerPoint file. Acceptable file formats are pdf, hwp, doc, 

and ppt, and each file should not be bigger than 20 MB in 

size.

Step 4. PDF conversion

Merger file will be created as pdf format.

Step 5. Cover Letter & Additional Info.

Please, writer down the additional notes to Editor-in-Chief.

Step 6. Suggest Reviewers

This is particularly important when the manuscript deals 

with a highly specialized subject. Use the fields below to give 

us contact information for each suggested reviewer. Please 

note that the journal may not use your suggestions, but your 

help is appreciated and may speed up the selection of appro-

priate reviewers.

Step 7. Preview

Review the information in the Preview chart for correctness; 

make changes if needed. If you have not completed a re-

quired step, you will not be able to submit your manuscript.

Step 8. Submit

Once it is submitted, you will be able to monitor the progress of 

your manuscript through the peer review process.
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Instructions for authors

I. General Information

1.  Journal of Minimally Invasive Spine Surgery & Technique 

(JMISST®, eISSN 2508-2043) is the official journal of the Ko-

rean Minimally Invasive Spine Surgery Society. This Journal 

publishes important papers covering the whole field of min-

imally invasive spinal surgery, including studies in pain inter-

vention and peripheral nerve disease or trauma and related 

surgery, neuroscience, neurology, molecular biology and 

biomechanics.

2.  Papers will include original work (clinical and laboratory re-

search), case reports, technical notes, review articles, letters 

to the editor, book reviews, special drafts, etc. Review articles 

and special drafts can be published upon specific request by 

the journal.

3.  It should be assured that authors must not simultaneously 

submit an identical or similar paper for publication else-

where. Multiple publications are acceptable only in the case 

of meeting the criteria of Uniform Requirements for Manu-

scripts Submitted to Biomedical Journals (Ann Intern Med 

108:258-265, 1988).

4.  Clinical and laboratory research should be approved by the 

Institutional Review Board (IRB) or research board of the af-

filiated institution. Editorial board may request the approved 

number of IRB.

5.  All submitted manuscripts will be reviewed for appropriate-

ness by at least three peer reviewers who are experts in the 

field. The decision to accept or reject a manuscript will be 

made according to their review.

II. Language

1. All manuscripts should be written in English.

2.  Authors should minimize the use of English abbreviations. 

Spell out all abbreviations at first occurrence, and then intro-

duce them by placing the abbreviation in parenthesis after 

the term being abbreviated. When spelling out loanwords, it 

should follow loanword orthography (Notification No. 85-11 

of the Ministry of Education), and when spelled out into for-

eign words, should conform to the Romanization rule (No-

tification on Jul 7, 2000). Terms should be noted in English 

when used in tables, figures, or illustrations.

3.  All units should be in the metric system (The international 

system of Units: SI units).

III. Submission and Revision of Manuscript

1.  Authors are requested to submit their papers electronically 

by using online manuscript submission available at http://

www.jmisst.org.

2.  Corresponding author is responsible for submission and re-

vision of the manuscripts. ID is required for processing and 

can be generated at the homepage.

3.  All authors should sign on the copyright release, Author 

agreement and conflict of Interest form to certify that the 

contents of the manuscript have not been published and 

are not being considered for publication elsewhere. If any 

research grant has been given by any private company or 

group, this information should be described on the form. All 

authors must sign their autograph by themselves. All the re-

lated forms can be downloaded in the middle of the submis-

sion process (Step 3 'File upload', http://www.jmisst.org) and 

should be submitted.

4.  Regarding author information, the list of the authors in the 

manuscript should include only those who were directly 

involved in the process of the work. Authors can refer to the 

guideline by Harvard University in 1999 to find details on 

authorship (http://www.hms.harvard.edu/integrity/author-

ship.html).

5.  The acceptable manuscript should be supplied as a file made 

by Hangeul Word Processor or Microsoft Word. The man-

uscript should be composed of no more than 6,000 English 

words for clinical and laboratory studies, 3,000 English words 

for technical reports and case reports. It should be composed 

of no more than 600 English words for letters to the editor. 

Manuscript should be typed in 11 point font and double 

spaced (200%) with margins of 3cm. Typeface should be 

Times/Times New Roman or similar serif typeface.

6.  Decision for the publication of the submitted manuscript will 

be made solely by the editorial board.

7.  All fees regarding the review, publishing and re-printing of 

the manuscript will be determined by the editorial board and 

should be deposited as stated.

8.  Non–Native Speakers of English. Authors who are not native 
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speakers of English who submit manuscripts to international 

journals often receive negative comments from referees or 

editors about the English–language usage in their manu-

scripts, and these problems can contribute to a decision to 

reject a paper. To help reduce the possibility of such prob-

lems, we strongly encourage such authors to take at least one 

of the following steps:

•  Have your manuscript reviewed for clarity by a colleague 

whose native language is English.

• Use a grammar editing service.

•  Note that the use of such a service is at the author's own 

expense and risk and does not guarantee that the article 

will be accepted. JMISST® accepts no responsibility for the 

interaction between the author and the service provider 

or for the quality of the work performed.

Editorial board may request the certificate of grammar edi-

tion.

IV. Manuscript Preparation

1. Title page

1)  The title pages must be composed of external and internal 

title pages.

2)  The external title page must contain the article title, and 

full names of all authors with their institutional affiliations 

both. The type of manuscript (clinical research, laboratory 

study, case report) should also be addressed. When the work 

includes multiple authors with different affiliations, the in-

stitution where the research was mainly conducted should 

be spelled out first, and then be followed by foot notes in 

superscript Arabic numerals beside the authors' names to 

describe their affiliation in a consecutive order of the num-

bers. Running head must be included consisting of no more 

than 65 characters/spaces. The external title page must also 

contain the address, telephone and facsimile numbers, and 

e-mail address of the corresponding author at the bottom of 

the page, as well as information on the previous presentation 

of the manuscript in conferences and funding resources, if 

necessary.

3)  The internal title page should only contain the article title. 

The internal title page must not contain any information on 

the names and affiliations of the authors.

2. Manuscript format

1)  The article should be organized in the order of title, abstract, 

introduction, materials and methods, results, discussion, 

conclusions, references, tables, and figures or illustrations all 

in English.

2)  In case reports, materials and methods and results can be 

replaced with cases. The number of references should be 20 

or less and the figure number 5 or less for case report.

3)  Manuscript format may vary in review articles and special 

drafts.

3. Abstract

1)  All manuscripts must contain an abstract in English.

2)  Objective, Methods, Results, and Conclusion sections should 

be included in abstract of clinical or laboratory research, but 

are not necessary in other types of studies

3)  The abstract should include brief descriptions on the objec-

tive, methods, results, and conclusion as well as a detailed 

description of the data. An abstract containing 250 words or 

less is required for original articles and 200 words or less for 

case reports.

4)  Abstract can be revised by the decision of editorial board, 

and some sentences can be modified as a result of revision.

5)  A list of key words, with a minimum of two items and max-

imum of six items, should be included at the end of the ab-

stract.

6)  The selection of Key Words should be based on Medical 

Subject Heading (MeSH) of Index Medicus and the web site 

(http://www.nlm.nih.gov/mesh/MBrowser.html).

4. Introduction

1)  The introduction should address the purpose of the article 

concisely, and include background reports mainly relevant 

to the purpose of the paper. Detailed review of the literature 

should be addressed in the discussion section.

5. Materials and Methods

1)  The article should record research plans, objective, and 

methods in order, as well as the data analysis strategies and 

control of bias in the study. Enough details should be fur-

nished for the reader to understand the method(s) without 

reference to another work in the study described.

2)  When reporting experiments with human subjects, the au-
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thors must document the approval received from the local 

Institutional Review Board. When reporting experiments 

with animal subjects, the authors should indicate whether 

the handling of the animals was supervised by the research 

board of the affiliated institution or such. Approved number 

of IRB must be noted.

3)  Photographs disclosing patients must be accompanied by 

a signed release form from the patient or family permitting 

publication.

6. Results

1)  The authors should logically describe their results of obser-

vations and analyses performed using methodology given in 

the previous section and provide actual data.

2)  For biometric measurements in which considerable amount 

of stochastic variation exists, a statistical evaluation is man-

datory. The results must be sorely from the findings of the 

current study and not refer to any previous reports.

3)  While an effort should be made to avoid overlapping de-

scriptions by Tables and by main text, important trends and 

points in the Table should be described in the text.

7. Discussion

1)  Discussions about the findings of the research and interpre-

tations in relation to other studies are made. It is necessary to 

emphasize the new and critical findings of the study, not to 

repeat the results of the study presented in the previous sec-

tions. The meaning and limitation of observed facts should 

be described, and the conclusion should be related to the 

objective of the study only when it is supported by the results 

of the research.

8. Conclusion

1)  The conclusion section should include a concise statement 

of the major findings of the study in accordance with the 

study purpose.

9. References

1)  References should be cited with Arabic numerals in square 

brackets. References are numbered consecutively in order of 

appearance in text.

2)  References should be numbered consecutively in the order 

in which they are first mentioned in the text.

3)  Even though references are noted by reference management 

program in common use, the reference format should be 

checked by author to correct any error.

4)  When a work has six or less authors, cite the names of all 

authors. When a work has over six authors, cite the first six 

authors' name followed by "et al." Abbreviations for journal 

titles should be congruent with the style of Index Medicus. A 

journal title with one word does not need to be written out in 

abbreviation. The styles of references are as follows :

<Journal>

1.  Choi S, Lim WJ, Lee MK, Ryu KS. Lumbar interbody fusion 

using low-dose of recombinant human bone morphoge-

netic protein-2 (rh-BMP2): minimum 1-year follow-up re-

sults at a single institute. J Minim Invasive Spine Surg Tech 

2021;6:2-8

<Book>

1.  Conover WJ. Practical Nonparametric Statistics, 2nd ed. 

New York : Jon Wiley & Sons, 1971, pp216-8

<Chapter in a book>

1.  Ojemann RG. Surgical management of bacterial intracra-

nial aneurysms. In: Schmideck HH, Sweet HH (eds). Oper-

ative Neurosurgical Techniques: Indications, Methods and 

Results, 2nd ed. Orlando : Grune & Stratton, 1988, Vol 2, 

pp997-1001

<Internet source>

1.  Food and Drug Administration (FDA). Devices@FDA [In-

ternet]. Silver Spring, MD: FDA; cited 2010 Jul 21. Available 

from: http://www.accessdata.fda.gov/scripts/cdrh/device-

satfda/index.cfm?pmanumber=P040006.

10. Tables, Figures, and Supplemental Content

1)  Tables should be created using the table formatting and ed-

iting feature of Microsoft Word or Hangeul Word Processor. 

The title of the table must be noted. Tables cannot be sub-

mitted in a picture format.

2)  The language for tables is English and the table should be 

prepared in detail, in order to understand the contents of the 

manuscript without further reference.

3)  Tables should be submitted separately from manuscript. Do 

not include vertical lines in table, and refer to the table for-

mats in formal papers in JMISST®.

4)  Figures should have resolution of 300 dpi or above and 
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should be submitted individually (Namely, if Figure 1 is di-

vided into A, B, C and D, do not combine them into one, but 

submit each of them separately). Allowable file format for 

figures are JPG or TIF(TIFF) only.

5)  Figures should be named according to figure name (example: 

Fig-1A.tif ). If the quality of the photographs is considered 

as inappropriate for printing, re-submission of them can be 

requested by the journal.

6)  Line art should have resolution of 1,200 dpi or more in JPG 

or TIF format.

7)  Authors may submit supplemental digital content to en-

hance their article’s text and to be considered for online post-

ing. Cite all supplemental digital content consecutively in the 

text. Citations should include the type of material submitted, 

should be clearly labeled as "Supplemental Content" or 

“Supplemental Video,” should include a sequential number, 

and should provide a brief description of the supplemental 

content.

Examples:

(see Video, Supplemental Video 1, which demonstrates the 

procedure of neuroplasty)

Provide a separate set of legends of supplemental digital 

content at the end of the text. List each legend in the order 

in which the material is cited in the text. be legends must be 

numbered to match the citations from the text.

Examples:

Supplemental Video 1. Video that demonstrates the proce-

dure of neuroplasty, 5 minutes, 10MB.

8)  Supplemental Content Size & File Type Requirements

Supplemental video files should be no larger than 100 MB each. 

•  Supplemental files should be submitted following these re-

quirements:

• .wmv, .mov, .flv, .qt, .mpg, .mpeg, .mp4 formats only

•  Video files should be formatted with a 320 x 240 pixel mini-

mum screen size.

• Videos must include narration in English.

•  Authors interested in submitting video files over 100 MB 

should first query the Editorial Office for approval. Pending 

editorial approval, high-resolution videos may be submit-

ted according to the following criteria: no longer than 1 GB; 

.wmv, .flv formats only.

11. Letters to the editor or commentary letters

1)  Authors can submit a sound critic or opinion for the specific 

article published in the journal, topic of general interest to 

spinal neurosurgeons, personal view on a specific scientific 

issue, departmental announcements or changes, conference 

schedules, or other information of the clinical fields.

12. Review articles

1)  The authors and topics for review articles will be selected by 

the editorial board. Review articles should also undergo the 

review process.

13. Special articles

1)  Special articles are devoted to providing updated reports by 

specialists in various fields or significant issues for the mem-

bers of the society. The authors and topics of special drafts 

will be assigned and specially requested by the editorial 

board

14. Author check list

1)  Before submitting the manuscript, authors should dou-

ble-check all requirements noted in the agreement form re-

garding the registration and copyrights of their manuscript. 

A manuscript that does not fit the author instructions of the 

journal regarding format and references will be returned to 

the authors for further correction.

2)  The page numbers in the manuscript should be counted 

from the page with the abstract, and the name and affiliation 

of the authors should not appear thereafter.

3)  Author check list should be prepared, signed by correspond-

ing author, submitted with manuscripts, and then registered 

on-line. Relevant forms can be downloaded at manuscript 

submission site.

15. Publication

1)  Once a manuscript is accepted for publication by the jour-

nal, it will be sent to the press, and page proofs will be sent to 

authors. Authors must respond to the page proofs as soon as 

possible after making necessary corrections of misspellings, 

and the location of the photographs, figures or tables. Au-

thors can make corrections for only typing errors, and are not 

allowed to make any author alteration or substantive chang-
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es of the text. Proofs must be returned to the press within 48 

hours of receipt. No response from the authors within this 

time frame will lead the publication of the proof read without 

corrections, and the editorial board will not be responsible 

for any mistakes or errors occurring in this process.

2)  Page proof should be returned with extra number (100 basic 

units) of separate volume inscribed.

V. Research and Publication Ethics

1)  For the policies on the research and publication ethics not 

stated in this instructions, 'Good Publication Practice Guide-

lines for Medical Journals (http://kamje.or.kr/publishing_

ethics.html)' or 'Guidelines on good publication (http://

www.publicationethics.org.uk/guidelines)' can be applied.
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Checklist

1. Mandatory components of a manuscript

1) Formats and contents of the manuscripts are checked by corresponding author.

2)  All manuscripts should be written in English. Manuscripts may be no longer than 6,000 English words for original articles, 3,000 

English words for case reports.

3) Manuscripts should be prepared in the following orders.

a)  Original article: external title page, internal title page, abstract, key words, introduction, materials and methods, results, discus-

sion, conclusion, references, table and figure legends.

b)  Case report: external title page, internal title page, abstract, key words, introduction, case report, discussion, conclusion, refer-

ences, table, and figure legends.

4) Proofreading in English is done prior to subscription of manuscript.

2. External title page

1)  The external title page should be a separate file, and must contain names and affiliations of all authors and contact information 

of the corresponding author.

3. Internal title page

1)  Only the English title of the manuscript is listed. Any information on the names and affiliations of the authors is not shown on the 

internal title page.

4. Abstract

1) Abstract should have no longer than 250 words for original articles and 200 words for case reports.

2) Abstract includes Objective, Methods, Results, and Conclusion in clinical or laboratory research.

3) The selection of Key Words is based on MeSH.

5. Manuscript

1) Text is written in 11 point fonts with double line spacing.

2) Typeface should be Times/Times New Roman or similar serif typeface.

3) Figures and tables are cited in numerical order in the order they are mentioned in the text.

6. References

1) All references should be in alphabetical order according to first author’s last name.

2) The names of all authors are cited when a work has six or less authors. The first six authors’ name followed by “et al.” is cited when 

a work has over six authors.

3) References are marked in the form of superscript and parenthesis.
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7. Tables, Figures and Illustrations

1) Tables and figures are prepared in separate files.

2) Figures are submitted individually not incorporated into one file.

3) Figures and illustrations are saved in JPG or TIF file format and have a resolution of 300 DPI or more.

4) Do not include vertical lines in table, and refer to the table formats in formal papers in JMISST®.

8. Conflict of Interest

1) All authors signed on the Copyright Release and Author Agreement form and the form is submitted with the manuscript.

2)  All authors signed on the Conflict of Interest, Disclosure form to verify that the purpose of the research is not related to personal 

interests and the form is submitted with the manuscript.
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Copyright Transfer Agreement
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Corresponding author name:               

Fax               E-mail           

The authors of the article hereby agree that the Korean Minimally Invasive Spine Surgery Society holds the copyright on all submit-

ted materials and the right to publish, transmit, sell, and distribute them in the journal or other media.
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