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The concept of minimally invasive surgical techniques arose from the development of smart 

technologies with a fundamental objective of reducing surgical trauma. Enhancements in 

microsurgery, tubular retractor, endoscopy, and various percutaneous techniques, as well as 

improvement of implant materials, have proven to be milestones. The specialty of spine surgery 

has seen groundbreaking progress over the years, with endoscopic spine surgery (ESS) and min-

imally invasive surgery (MIS) using tubular retractor playing a pivotal role in this evolution [1-

3]. Yet, as is the case with any surgical procedure, ESS is not without its challenges. This special 

issue, "The complications and essential surgical techniques in minimally invasive spine surgery 

and endoscopic spine surgery," delves into the depth of these challenges, providing comprehen-

sive insight into the realm of minimally invasive spine surgery and ESS. 

Since its introduction by Foley and Smith in 1997, the tubular retractor has revolutionized and 

changed the paradigm of spine surgery [3]. MIS using tubular retractors allows the surgeon to 

treat focal compressive and unstable lesions without disturbing the normal osteo-ligamentous 

structures and the surrounding muscles. It combines the advantage of endoscopic surgical 

technique with the remarkability of 3-dimensional anatomical visualization by the operating 

microscope. Initially pioneered for lumbar discectomy, the tube has gradually witnessed its 

applications in a plethora of commonly seen spinal pathologies; most degenerative, infective, 

traumatic neurosurgical etiologies as well as in spinal tumors. The tubular retractor has time and 

again demonstrated equivalent surgical results as the conventional techniques with the obvious 

benefits of faster recovery, less blood loss, and reduced infection rates and the tubular retractor 

has served as a catalyst for the activation of MIS in spine surgery [3,4]. In addition, the inno-

vation of endoscopic techniques has significantly revolutionized spine surgery by minimizing 

invasiveness, reducing postoperative pain, and expediting patient recovery [5,6]. Among these, 

full endoscopic spine surgery (FESS) and unilateral biportal endoscopic spine surgery (UBE) 

have stood out, each presenting its own unique set of advantages and potential complications 

[7,8]. While FESS offers minimal tissue damage and improved patient comfort, it also bears the 

risk of complications such as dural tears or nerve injuries [5]. On the other hand, UBE provides 

a wider surgical view but presents its own set of challenges including access-related difficulties 
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and unintended facet joint violations [9]. The saying, "There is 

no spine surgery without complications," reflects the inherent 

complexity and challenges of spine surgeries, where every pro-

cedure is an intricate dance between precision and potential 

risks. In the continually evolving world of spinal surgery, ESS—

comprising FESS and UBE—has emerged as a beacon of inno-

vation [1,2]. However, these pioneering techniques come with 

their set of potential complications [9]. 

Tubular retractor and ESS promise less invasiveness than 

traditional open spine surgeries, resulting in reduced postop-

erative pain and quicker recovery. Yet, this revolution brings 

along the need for exceptional surgical proficiency due to the 

limited visual field and workspace, which, coupled with the 

wide-ranging spinal pathologies, presents a complex scenario. 

The ability to predict, prevent, and manage potential complica-

tions becomes as crucial as the primary surgical skill itself. For 

instance, FESS, while offering remarkable advantages like min-

imized tissue damage and enhanced patient comfort, can be 

fraught with complications such as dural tears or nerve injuries 

[10]. UBE, with its dual portal approach, improves the surgeon's 

field of view but simultaneously introduces the possibility of 

access-related challenges and inadvertent facet joint violations 

[11]. 

In-depth understanding and anticipation of these compli-

cations begin with thorough preoperative planning, incorpo-

rating detailed patient history, accurate diagnostic imaging, 

and careful consideration of the operative technique. The 

surgeon's skill and experience play a pivotal role in selecting 

among tubular retractor, FESS and UBE, guided by the specific 

pathology, patient's overall health, and projected postoperative 

recovery. Despite meticulous precautions, complications can 

occur, emphasizing the necessity of immediate recognition and 

appropriate management strategies. For instance, a dural tear, 

if identified intraoperatively, could necessitate a switch to a 

traditional open surgical approach, underscoring the need for 

flexibility in surgical planning [12,13]. 

This special issue focuses on shedding light on the complex-

ities of MIS and ESS, encapsulating a broad spectrum of poten-

tial complications and their management. It discusses essential 

surgical techniques, pitfalls, and bail-out strategies during MIS 

and ESS, delving into various case scenarios across different 

spine sections—cervical, thoracic, and lumbar [1]. The goal is 

to create a comprehensive manual that not only discusses the 

challenges but also emphasizes the significance of preoperative 

planning, intraoperative vigilance, and postoperative care. By 

intertwining clinical experience, latest research, and real-world 

case studies, we aim to enhance surgeons' understanding of 

these advanced techniques, helping them navigate the myriad 

challenges they might encounter. 

Our aim with this special issue is to equip spinal surgeons, 

both budding and experienced, with an in-depth understand-

ing of these groundbreaking surgical procedures. By fostering 

a deeper comprehension of the technicalities and potential 

challenges of MIS, FESS and UBE, we hope to contribute to 

safer, more effective patient care in the rapidly evolving realm 

of spinal surgery. This issue stands as a comprehensive guide, 

providing surgeons with valuable insights, accrued from exten-

sive clinical practice and rigorous academic research, to help 

them navigate the complexities of these procedures. "There is 

no spine surgery without complications" is not a deterrent but a 

reminder of the evolving challenges and the continuous learn-

ing required in the field of spine surgery. As we stride towards 

innovation, let's do so with a comprehensive understanding of 

the potential risks and the preparedness to address them effec-

tively, thus pushing the boundaries of what is possible in ESS. 
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INTRODUCTION 

Modern society has been characterized by an increasingly 

aging population and a more complex lifestyle. Thus, the qual-

ity of life has become of paramount importance. The invasive-

ness and efficiency of treatments have become primary issues 

for patients with degenerative spinal diseases. 

Minimally invasive spine surgery (MISS) has become a cen-

tral concept in spinal procedures. Axial pain with radiculopathy 

is one of the prime reasons patients opt for extensive or radical 

treatment. Conventional surgical treatment options for spinal 

disc disease or stenosis include open spinal decompression 

with or without fusion surgery. However, perioperative mor-

bidities and prolonged recovery duration have emphasized the 

need for MISS [1,2]. The goal is to minimize normal tissue in-

jury during the surgical approach while providing the relevant 
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therapeutic effect. Owing to MISS, the patient can return to or-

dinary life earlier with less adverse impact and maintain a high 

quality of life. 

Endoscopic technology in spine surgery may provide a mus-

cle-preserving, percutaneous approach rather than wide-open 

surgical exposure [3,4]. It may also give an excellent and selec-

tive visualization of the pathology. In this viewpoint, endoscop-

ic spine surgery can utilize the essential concept of MISS. 

This review aims to describe the essential techniques of cur-

rent full-endoscopic spine surgery (FESS) and to discuss the 

benefits, limitations, and future perspectives of this MISS tech-

nique. 

AN INTRODUCTION TO FESS 

FESS has revolutionized the field of spine surgery, introduc-
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ing a new approach that utilizes an endoscope equipped with 

advanced features like a 20°–30° rod-lens camera system, a 

light source, a working channel, and an irrigation channel. 

This endoscopic procedure is typically characterized by the 

following [5,6]: (1) use of a working channel endoscope with 

the working channel and the optics in the same tubular device; 

(2) complete percutaneous approach with a stab skin incision, 

and (3) utilization of a monoportal approach with continuous 

saline irrigation. The endoscopic approach offers several ad-

vantages over traditional open surgery by removing the need 

for additional incisions or traditional surgical pathways. The 

central premise of FESS is that it enables the surgeon to access 

and remove targeted lesions using minimally invasive tech-

niques. 

Key benefits of FESS include smaller incision sites and re-

duced tissue damage, contributing to a less traumatic surgical 

experience for patients. Studies have shown that patients un-

dergoing FESS typically experience less blood loss during the 

procedure, translating into less postoperative pain and quicker 

recovery times. These positive patient outcomes mean that 

patients are generally able to leave the hospital sooner and 

resume their daily activities more quickly, reducing the overall 

impact of surgery on their lives [7-10]. 

And, the direct visualization provided by the endoscope 

offers a significant advantage in protecting the surrounding 

tissues and spinal structures during surgery. This improved 

visibility reduces the risk of inadvertent damage to the sur-

rounding tissue, lowering the overall risk of complications and 

improving the chances of a successful surgical outcome. This 

critical benefit is driving an increase in the use of endoscopic 

surgical techniques in clinical practice, further advancing the 

field of spine surgery. 

The main techniques of FESS have developed over time with 

the development of camera lenses that provide a better view, 

the development of rimers and electronic drills that enable ac-

tive bone work, and the experiences of spinal surgeons. 

EVOLUTION OF FESS TECHNIQUES 

Since its introduction in the 1970s, FESS has evolved signifi-

cantly, thanks to advancements in science, technology, and 

the collective experience of spine surgeons worldwide. This 

continuous evolution and refinement of the procedure have 

led to the development of 2 primary surgical approaches: the 

transforaminal approach and the interlaminar approach (Fig-

ure 1). 

TRANSFORAMINAL APPROACH AND ITS 
EVOLUTION 

The Transforaminal approach in FESS can be technically 

divided into 2 main techniques: the 'inside-out' and the 'out-

side-in' methods. While the distinction between these 2 meth-

ods driven by the initial placement of the endoscopic working 

cannula either inside the intervertebral disc (inside-out) or into 

the neuroforamen (outside-in) seems somewhat trivial on the 

surface [11]. 

The transforaminal approach was pioneered by Kambin and 

Sampson [4] and Hijikata [3], who independently performed 

discectomies for contained disc conditions using fluoroscopy 

guidance. The transforaminal approach during spinal endo-

scopic surgery was inherently an inside-out technique through 

a “triangular safe zone.” The inside-out technique begins with 

the insertion of an endoscope into the disc space. The sur-

geon then removes a part of the nucleus pulposus and related 

tissues, effectively decompressing the tissues pressing on the 

nerve [12]. 

In the early days of spinal endoscopic surgery, the inside-out 

technique of the transforaminal approach was preferred due to 

its simplicity and the fact that it did not require the use of com-

plex tools like drills or radiofrequency (RF) devices. Early endo-

scopic systems had limited visualization capabilities, typically 

providing less clarity and a narrower field of view than the more 

advanced systems available today. 

As technology improved, so too did the capabilities of the 

endoscopic systems used in spinal surgery. Developments in 

camera lens technology allowed for more precise visualization, 

Figure 1. The 2 primary approaches: interlaminar and transfo-
raminal.

Interlaminar 
approach

Transforaminal 
approach
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making it possible to use a range of instruments, including vari-

ous rimer and electronic drills, to access and treat spinal lesions 

directly. This gave rise to the outside-in technique, which starts 

outside the foramen in the epidural space [13].  

OUTSIDE-IN TECHNIQUE 

The outside-in technique is an evolution of the transforam-

inal approach that allows for less damage to the disc annulus 

while providing better access for the removal of uncontained 

discs. Unlike the inside-out technique, the outside-in method 

may maintain the integrity of the disc annulus and improves 

the removal of uncontained discs. However, it often necessi-

tates additional bone work, such as foraminoplasty, to create 

sufficient space for the surgeon to access and treat the spinal 

lesion directly. 

The 'outside-in' technique in FESS is particularly beneficial 

when the neural foramen itself is a lesion or when the interver-

tebral disc height is narrow. It provides improved access and 

visibility, allowing surgeons to effectively address these chal-

lenging conditions. Conversely, for younger patients or those 

with a wide neural foramen, the 'inside-out' technique might 

be preferable. Performing foraminoplasty in such cases may 

require additional time and could introduce unnecessary risks. 

Therefore, the 'inside-out' technique, which is less invasive and 

less complex, may be sufficient in these situations. The choice 

between these 2 techniques highlights the importance of in-

dividualized surgical planning based on the patient's specific 

condition and anatomy. 

Currently, the 2 techniques have different strengths and 

weaknesses, and are appropriately selected according to the 

patient's condition and pathology environment (Figure 2). 

INTERLAMINAR APPROACH: 
ADOPTING TRADITIONAL SPINAL 
SURGERY TECHNIQUE 

In transforaminal approach, for certain areas of the spine, 

such as the L5/S1 level, which present unique anatomical 

challenges, the interlaminar approach could be a highly effec-

tive strategy. This region of the spine is often problematic for 

surgeons due to its high iliac crest, small intertransverse space, 

and relatively narrow foramen, which collectively can limit sur-

gical access [14,15]. 

The interlaminar approach addresses these challenges by 

allowing the surgeon to enter the spine between the laminae. 

This space is typically larger than other spaces in the spine, 

offering a less obstructed pathway for the insertion of the en-

doscope and surgical instruments. Importantly, this approach 

aims to minimize trauma to the surrounding structures and 

tissues as it doesn't require bone removal, making it a less inva-

sive procedure... [16,17]. 

As medical technology continues to advance, the interlam-

inar approach has seen substantial enhancements. Develop-

ments in endoscopic equipment, including more sophisticated 

scopes, drill systems, and RF devices, have greatly improved the 

versatility and efficacy of this technique. 

One significant advantage of the interlaminar approach is 

its familiarity to spinal surgeons. Many surgeons have been 

trained in traditional open or microscope-assisted surgery 

techniques, which share similarities with the interlaminar 

approach. This familiarity can ease the transition for surgeons 

moving to endoscopic procedures, thereby facilitating wider 

adoption of these techniques in clinical practice. 

As the interlaminar approach has become more widely used 

in endoscopic spine surgery, the surgical approach corridors, 

or the paths surgeons take to access the spinal column, have 

indeed become more diverse. Various endoscopic procedures 

are adopted in Figure 3 [18]. 

Through the interlaminar approach, endoscopic surgery has 

been included as an indication for effective treatment of spinal 

stenosis. 

In addition, advancements in surgical technology have 

enabled the application of the interlaminar approach beyond 

the lumbar spine. It can now be used in cervical and thoracic 

spine surgeries as well, broadening the range of spinal condi-

tions that can be treated using this minimally invasive meth-

od.  Figure 2. The fundamental concepts and essential points of 
endoscopic procedures, delineating the differences between 
the “inside-out” and “outside-in” approaches in a concise 
manner.

Outside-in: “Outside-in” starts from the epidural 
space with or without foraminoplasty. Inside-out: “Inside-out” 

proceeds from the disc 
to the epidural space.
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EXPANDING THE HORIZONS: 
ADVANCED TECHNIQUES IN FESS 

Over time, as surgeons' expertise in endoscopic spine sur-

gery has grown, a broader range of procedures have been de-

veloped. These include complex procedures like endoscopic 

laminectomy, which decompresses the spinal cord and is per-

formed in the cervical and thoracic regions [19-21]. 

Moreover, advancements in technology have made endo-

scopic interbody fusion surgery for the lumbar spine increas-

ingly viable and more common. With these advancements, it's 

now possible to target the lesion more precisely during surgery, 

leading to more successful procedures with less tissue damage. 

Notably, the development of sophisticated navigation sys-

tems has been crucial in this regard. These systems allow sur-

geons to precisely target the area to be treated during surgery, 

contributing to safer procedures and better patient outcomes. 

As a result, these advancements have greatly expanded the 

scope of endoscopic spine surgery, making it an increasingly 

important tool in modern spinal surgery. 

NOTES

Conflicts of Interest 

The authors have nothing to disclose. 

Funding/Support 

This work was supported by the National Research Foun-

dation of Korea (NRF) grant funded by the Korea government 

(MSIT) (no. 2021R1F1A1063590). 

ORCID

Choi Il https://orcid.org/0000-0003-0120-6564

Ahn Young https://orcid.org/0000-0003-3262-1672

REFERENCES 

1. Ahn Y. Transforaminal percutaneous endoscopic lumbar dis-

Figure 3. Nomenclature of various endoscopic procedures [18].

Full endoscopic spine surgery (FBSS)

Anterior
Anterior endoscopic 
cervical discectomy 

(AECD) 
Anterior endoscpic 

cervical fusion (AECF)

Interlaminar
Thoracic endoscopic unilateral 

laminotomy for bilateral 
decompression (TE_ULBD)

L-spine

Posterior
Posterior endoscopic 

cervical discetomy (PECD) 
Cervical endospic cervical 
discectomy for bilateral 

decompression (CE_ULBD)
Posterior endoscopic 

cervical foraminoty (PECF)

C-spine

Transforaminal
Transforaminal endoscopic thoracic 

discectomy (TETD)

T-spine

Full-endoscopic lumbar discectomy
Transforaminal endoscopic lumbar discectomy (TELD) 

Interlaminar endoscopic lumbar discectomy (IELD) 
Extraforaminal endoscopic lumbar discectomy (EELD)

Full-endoscopic foraminotomy
Transforaminal endoscopic lumbar foraminotomy (TELF) 

Interlaminar contralateral endoscopic lumbar foraminotomy (ICELF)

Full-endoscopic lumbar lateral recess decompression
Transforaminal Endoscopic lateral recess decompression (TE_LRD) 

Interlaminar endoscopic lateral recess decompression (IE_LRD)

Full-endoscopic laminotomy for bilateral decompression
Lumbar endoscopic unilateral laminotomy for bilateral decompression  

(LE- ULBD)

Transforaminal endoscopic lumbar interbody fusion

S7https://doi.org/10.21182/jmisst.2023.00857

J Minim Invasive Spine Surg Tech 2023;8(Suppl 1):S4-S8

https://doi.org/10.1586/erd.12.23


cectomy: technical tips to prevent complications. Expert Rev 

Med Devices 2012;9:361–6. 

2. Ahn Y. Percutaneous endoscopic decompression for lumbar 

spinal stenosis. Expert Rev Med Devices 2014;11:605–16. 

3. Hijikata S. Percutaneous nucleotomy. A new concept 

technique and 12 years’ experience. Clin Orthop Relat Res 

1989;(238):9–23.

4. Kambin P, Sampson S. Posterolateral percutaneous suc-

tion-excision of herniated lumbar intervertebral discs. Report 

of interim results. Clin Orthop Relat Res 1986;(207):37–43. 

5. Ahn Y, Youn MS, Heo DH. Endoscopic transforaminal lum-

bar interbody fusion: a comprehensive review. Expert Rev 

Med Devices 2019;16:373–80. 

6. Birkenmaier C, Komp M, Leu HF, Wegener B, Ruetten S. The 

current state of endoscopic disc surgery: review of controlled 

studies comparing full-endoscopic procedures for disc her-

niations to standard procedures. Pain Physician 2013;16:335–

44. 

7. Kim MJ, Lee SH, Jung ES, Son BG, Choi ES, Shin JH, et al. 

Targeted percutaneous transforaminal endoscopic diskecto-

my in 295 patients: comparison with results of microscopic 

diskectomy. Surg Neurol 2007;68:623–31. 

8. Komp M, Hahn P, Oezdemir S, Giannakopoulos A, Heiken-

feld R, Kasch R, et al. Bilateral spinal decompression of lum-

bar central stenosis with the full-endoscopic interlaminar 

versus microsurgical laminotomy technique: a prospective, 

randomized, controlled study. Pain Physician 2015;18:61–70. 

9. Lee DY, Shim CS, Ahn Y, Choi YG, Kim HJ, Lee SH. Compar-

ison of percutaneous endoscopic lumbar discectomy and 

open lumbar microdiscectomy for recurrent disc herniation. 

J Korean Neurosurg Soc 2009;46:515–21. 

10. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscop-

ic interlaminar and transforaminal lumbar discectomy 

versus conventional microsurgical technique: a prospec-

tive, randomized, controlled study. Spine (Phila Pa 1976) 

2008;33:931–9.

11. Lewandrowski KU. The strategies behind “inside-out” and 

“outside-in” endoscopy of the lumbar spine: treating the pain 

generator. J Spine Surg 2020;6(Suppl 1):S35–9.

12. Yeung AT, Yeung CA. Advances in endoscopic disc and spine 

surgery: foraminal approach. Surg Technol Int 2003;11:255–

63. 

13. Schubert M, Hoogland T. Endoscopic transforaminal nucle-

otomy with foraminoplasty for lumbar disk herniation. Oper 

Orthop Traumatol 2005;17:641–61. 

14. Ebraheim NA, Xu R, Huntoon M, Yeasting RA. Location of the 

extraforaminal lumbar nerve roots. An anatomic study. Clin 

Orthop Relat Res 1997;(340):230–5. 

15. Reulen HJ, Müller A, Ebeling U. Microsurgical anatomy of the 

lateral approach to extraforaminal lumbar disc herniations. 

Neurosurgery 1996;39:345–50. 

16. Choi G, Lee SH, Raiturker PP, Lee S, Chae YS. Percutaneous 

endoscopic interlaminar discectomy for intracanalicular disc 

herniations at L5-S1 using a rigid working channel endo-

scope. Neurosurgery 2006;58(1 Suppl):ONS59–68. 

17. Ozer AF, Oktenoglu T, Sasani M, Bozkus H, Canbulat N, 

Karaarslan E, et al. Preserving the ligamentum flavum in 

lumbar discectomy: a new technique that prevents scar 

tissue formation in the first 6 months postsurgery. Neurosur-

gery 2006;59(1 Suppl 1):ONS126–33.

18. Choi I, Kim JS, Ahn Y. Nomenclature of endoscopic spine 

surgery. In: Kim HS, Mayer M, Heo DH, Park CW, editors. 

Advanced techniques of endoscopic lumbar spine surgery. 

Singapore: Springer Nature; 2020. p. 7–18. 

19. Kim CH, Kim KT, Chung CK, Park SB, Yang SH, Kim SM, et 

al. Minimally invasive cervical foraminotomy and diskec-

tomy for laterally located soft disk herniation. Eur Spine J 

2015;24:3005–12. 

20. Miao X, He D, Wu T, Cheng X. Percutaneous endoscopic 

spine minimally invasive technique for decompression ther-

apy of thoracic myelopathy caused by ossification of the liga-

mentum flavum. World Neurosurg 2018;114:8–12. 

21. Ruetten S, Hahn P, Oezdemir S, Baraliakos X, Merk H, God-

olias G, et al. Full-endoscopic uniportal decompression in 

disc herniations and stenosis of the thoracic spine using the 

interlaminar, extraforaminal, or transthoracic retropleural 

approach. J Neurosurg Spine 2018;29:157–68.

https://doi.org/10.21182/jmisst.2023.00857S8

Il Choi and Yong Ahn    Essential Surgical Techniques of Fully Endoscopic Spine Surgery

https://doi.org/10.1586/erd.12.23
https://doi.org/10.1586/erd.12.23
https://doi.org/10.1586/17434440.2014.940314
https://doi.org/10.1586/17434440.2014.940314
https://doi.org/10.1080/17434440.2019.1610388
https://doi.org/10.1097/00003086-198901000-00003
https://doi.org/10.1097/00003086-198901000-00003
https://doi.org/10.1097/00003086-198901000-00003
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.1097/00003086-198606000-00008
https://doi.org/10.1097/00003086-198606000-00008
https://doi.org/10.1097/00003086-198606000-00008
https://doi.org/10.1227/01.neu.0000192713.95921.4a
https://doi.org/10.1080/17434440.2019.1610388
https://doi.org/10.1080/17434440.2019.1610388
https://doi.org/10.1080/17434440.2019.1610388
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.15674/0030-59872014241-50
https://doi.org/10.1097/00003086-199707000-00030
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.36076/ppj/2015.18.61
https://doi.org/10.36076/ppj/2015.18.61
https://doi.org/10.36076/ppj/2015.18.61
https://doi.org/10.36076/ppj/2015.18.61
https://doi.org/10.36076/ppj/2015.18.61
https://doi.org/10.1097/00003086-198606000-00008
https://doi.org/10.3340/jkns.2009.46.6.515
https://doi.org/10.3340/jkns.2009.46.6.515
https://doi.org/10.3340/jkns.2009.46.6.515
https://doi.org/10.3340/jkns.2009.46.6.515
https://doi.org/10.1007/s00586-015-4198-1
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1016/j.surneu.2006.12.051
https://doi.org/10.21037/jss.2019.06.06
https://doi.org/10.21037/jss.2019.06.06
https://doi.org/10.21037/jss.2019.06.06
https://doi.org/10.36076/ppj/2015.18.61
http://www.ncbi.nlm.nih.gov/pubmed/12931309
http://www.ncbi.nlm.nih.gov/pubmed/12931309
http://www.ncbi.nlm.nih.gov/pubmed/12931309
https://doi.org/10.3340/jkns.2009.46.6.515
https://doi.org/10.1007/s00064-005-1156-9
https://doi.org/10.1007/s00064-005-1156-9
https://doi.org/10.1007/s00064-005-1156-9
https://doi.org/10.21037/jss.2019.06.06
https://doi.org/10.1097/00003086-199707000-00030
https://doi.org/10.1097/00003086-199707000-00030
https://doi.org/10.1097/00003086-199707000-00030
https://doi.org/10.1097/00006123-199608000-00022
https://doi.org/10.1097/00006123-199608000-00022
https://doi.org/10.1097/00006123-199608000-00022
https://doi.org/10.1227/01.neu.0000192713.95921.4a
https://doi.org/10.1227/01.neu.0000192713.95921.4a
https://doi.org/10.1227/01.neu.0000192713.95921.4a
https://doi.org/10.1227/01.neu.0000192713.95921.4a
https://doi.org/10.1227/01.neu.0000220078.90175.e6
https://doi.org/10.1227/01.neu.0000220078.90175.e6
https://doi.org/10.1227/01.neu.0000220078.90175.e6
https://doi.org/10.1227/01.neu.0000220078.90175.e6
https://doi.org/10.1227/01.neu.0000220078.90175.e6
https://doi.org/10.1097/brs.0b013e31816c8af7
https://doi.org/10.1007/s00586-015-4198-1
https://doi.org/10.1007/s00586-015-4198-1
https://doi.org/10.1007/s00586-015-4198-1
https://doi.org/10.1007/s00586-015-4198-1
https://doi.org/10.1016/j.wneu.2018.02.152
https://doi.org/10.1016/j.wneu.2018.02.152
https://doi.org/10.1016/j.wneu.2018.02.152
https://doi.org/10.1016/j.wneu.2018.02.152
https://www.ncbi.nlm.nih.gov/pubmed/12931309
https://doi.org/10.3171/2017.12.spine171096
https://doi.org/10.3171/2017.12.spine171096
https://doi.org/10.3171/2017.12.spine171096
https://doi.org/10.3171/2017.12.spine171096
https://doi.org/10.3171/2017.12.spine171096


INTRODUCTION 

Cervical intervertebral disc herniation, stenosis with radicu-

lopathy or myelopathy are common degenerative spine diseas-

es causing disability in working and daily activities [1]. Surgical 

intervention is indicated when patients are disable due to pain 

refractory to conservative treatments, profound motor weak-

ness, or gait disturbance. The conventional surgeries include 

anterior cervical discectomy and fusion (ACDF), posterior 

decompressive laminectomy with or without fusion, or lami-

noplasty according to the main pathologies. These approaches 

have been studied and validated exhaustively [2-6]. ACDF have 

been the gold standard of cervical disc operation, but fusion 

of vertebrae may cause development of adjacent disc disease 

and may need further surgical intervention [7]. Besides, the 

endoscopic approach can decompress the neural structure and 

preserve the mobility simultaneously [8]. With development of 

endoscopic equipment and surgical technique, it has been ap-
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plied to cervical spinal surgeries. Currently, there are different 

endoscopic systems for the spinal surgeries. According to the 

consensus of nomenclature, endoscopic spine surgery is clas-

sified into mainly 2 categories, including full-endoscopic and 

endoscopy-assisted surgeries. Full-endoscopic spine surgery 

refers to the surgery performed with a working channel endo-

scope through a single incision. Biportal endoscopic spine sur-

gery is an emerging alternative by different ports for endoscope 

and working channel. In the current review, the authors will 

focus on the full-endoscopic approach in the cervical spinal 

disease treatment. 

CERVICAL DISEASES INDICATED FOR 
FULL-ENDOSCOPIC APPROACHES 

The common cervical diseases indicated for full-endoscopic 

approaches are degenerative diseases, including herniated in-

tervertebral disc, foraminal stenosis, or central canal stenosis. 
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The degeneration of cervical intervertebral disc, osteophytes 

from uncovertebral joints, and hypertrophic facet joints causes 

the cervical myelopathy or radiculopathy. Cervical spinal ste-

nosis can also result from the buckling ligamentum flavum and 

narrowed intervertebral foramen. Older patients tend to suffer 

from etiology of degenerative osteophytes while the etiology of 

younger patients are from herniation of intervertebral disc [9].  

Patients with cervical radiculopathy or myelopathy con-

cordant to the radiological images are indicated for surgical 

intervention when conservative treatments fail [10]. Currently, 

full-endoscopic cervical spine surgeries are indicated for de-

compression surgeries, including discectomy, foraminotomy, 

and laminotomy. The routes of the endoscopic approaches 

are anterior or posterior approach. The cervical endoscopic 

approaches include anterior endoscopic cervical discecto-

my (AECD), anterior endoscopic transcorporeal discectomy 

(AETD), posterior endoscopic cervical discectomy (PECD), 

cervical endoscopic unilateral laminectomy and bilateral de-

compression (CE-ULBD), and posterior endoscopic cervical 

foraminotomy (PECF). Surgeons can determine the approach 

according to the characteristics and zone of the pathology. 

The indication of AECD is cervical radicular pain due to 

soft disc herniation without narrowed intervertebral space, 

calcified disc, spondylolisthesis, or osteophytes. Because of 

the limited surgical fields by intervertebral space, AECD is ef-

fective in removing the herniated disc without migration. For 

the migrated disc herniation, AETD is an alternative to remove 

the sequestrated disc only by creating a bony channel through 

the vertebral body rather than through the disc space. This 

approach can help preserve the cervical motion segment and 

preserve the disc. For patients with foraminal stenosis or fo-

raminal disc herniation, PECF or PECD could be an alternative 

to decompress the nerve root. CE-ULBD is effective in solving 

central canal stenosis causing myelopathy. 

ESSENTIAL CONCEPTS FOR 
SUCCESSFUL CERVICAL ENDOSCOPIC 
SURGERIES 

From the current evidence, the efficacy of endoscopic sur-

gery is comparable to standard surgeries. The benefits of the 

endoscopic approaches are safety and enhancing recovery by 

minimizing the tissue trauma and complications. However, 

the endoscopic approaches in cervical spine are under devel-

opment and technically demanding. An inexperience surgeon 

may encounter failure or complication risks in cervical endo-

scopic surgeries. 

1. Patient Selection 

Patient selection is an essential and first step for endoscopic 

surgery. Patients with degenerative cervical spinal diseases 

may have variable clinical presentations, such as neck pain, 

radiating pain to arms or hands, numbness, motor weakness, 

or spastic gait. Sometimes, it is difficult to identify the pain 

generator according to clinical presentation and radiological 

images. Besides, some patients having multilevel diseases may 

confuse the diagnosis and surgical plans. Selective nerve block 

by epidural injection could help differential diagnosis. When 

the target lesions are multilevel in the cervical spine, surgeons 

have to weigh benefits of endoscopic approaches in the com-

plex situation. In general, patients with single level disease are 

ideal for endoscopic approach. 

Herniated or sequestrated disc, especially soft disc, is the 

standard indication for cervical endoscopic approach. The 

operators should evaluate the radiological studies and ex-

clude patients with calcified discs, prominent osteophytes, or 

ossification of posterior longitudinal ligaments. The dynamic 

radiography is also mandatory to confirm stability. Currently, 

there is no guideline for decision of surgical approach and the 

surgical approach depends on surgeon’s experience. However, 

patients with previous neck surgeries or radiotherapy may limit 

the application of the anterior approach. The esophagus and 

carotid artery are vulnerable to injury while inserting the punc-

ture needle or obturator through the scarring or stiff soft tissue. 

Sagittal alignment and disc height should be evaluated before 

AECD. The narrowed disc space (less than 5 mm) or significant 

cervical kyphosis may restrict the corridor of AECD, and PECD 

or fusion could be an alternative [11-14]. Although full-endo-

scopic ACDF is feasible, instrumentation for internal fixation is 

not available in the cervical endoscopic fusion system. There-

fore, standard ACDF with instrumentation is more reasonable 

for patients with instability noted on radiography.  

2. Determine the Approach  

Currently, there are no definite rules for the decision of sur-

gical approach regarding cervical endoscopic discectomy. The 

indication of the anterior endoscopic approach is restricted, 

and most surgeons are unfamiliar with the anterior endoscopic 

approach. The first key step in the anterior approach is the per-

cutaneous docking of the endoscope under fluoroscopic guid-

ance. The surgeon can push the esophagus and carotid artery 

by the index and middle finger, respectively, and a cannulated 

needle can be inserted into the space between the 2 fingers. 
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The trajectory of the cannulated needle is toward the target le-

sion directly and lands on the posterior annulus of the index in-

tervertebral disc. The manipulation should be gentle and avoid 

plunging the endoscope into the canal during the endoscopic 

procedures. The endoscopic holder can help to stabilize the in-

strument and prevent a bump to the cervical spinal cord (Figure 1) 

Although the diameter of the working cannula is smaller 

in the OECD, the risk of injury to the intervertebral disc due 

to passing the working cannula may cause the progression of 

degeneration, and subsequent revision may be necessary for 

long-term follow-up. Besides, though injuries to the carotid 

artery or esophagus are rare, the potential risk of major com-

plications remains. On the contrary, the carotid artery and 

esophagus are free from injury during the posterior approach. 

Besides, preserving the intervertebral disc is better during the 

posterior approach. The indications of posterior endoscopic 

cervical spinal surgery have been expanded to decompress all 

kinds of pathologies with the techniques of foraminotomy and 

laminotomy. Therefore, more surgeons have used the posterior 

approach in endoscopic cervical spinal surgery in recent years. 

3. Control of Flow and Pressure of Saline Infusion 

The endoscopic spinal surgery requires continuous saline 

irrigation during the surgery. A proper flow of saline irrigation 

can ensure clear endoscopic visualization. The excessive saline 

infusion can increase epidural pressure as well as intracranial 

pressure (ICP) [15], and it may cause symptoms of increased 

ICP or induce seizure [16]. The increased pressure by saline ir-

rigation usually results from the uncontrolled infusion pressure 

or obstruction of outflow tract. The operator should make sure 

that the outflow of saline irrigation is smooth. The normal sa-

line bag can be elevated higher above the surgical wound or be 

compressed for a higher-pressure during bleeding to achieve 

a clearer vision temporarily. If dura tear occurs, it would form 

a connecting pipeline. ICP can further increase due to inflow 

of saline through the dural defect. Patients might have severe 

headache, significantly increased blood pressure, seizure, or 

even change of consciousness [16]. The infusion flow of saline 

irrigation should be decreased immediately for a lower pres-

sure to avoid the critical situation [17]. 

4. Minimize Dura Sac Manipulation 

The cervical cord is vulnerable to manipulation during the 

endoscopic spine surgery. Therefore, retraction or manipula-

tion of neural structure or dural sac should be minimized or 

avoided [18]. For foraminal disc herniation, manipulation of 

dural sac or root is usually unnecessary after adequate poste-

rior foraminotomy (Figure 2). Different approaches are neces-

sary to be able to reach target lesion and spare manipulating 

the spinal cord during the cervical endoscopic surgery. Usually, 

the contained disc herniation at central region can be resected 

by anterior approach. Patients with paramedian or foraminal 

herniated discs are ideal candidates for posterior approach. 

High grade migration of cervical disc herniation is challenging 

both for anterior and posterior approach. Therefore, modified 

techniques with different trajectories have been reported in the 

Figure 1. The endoscopic holder can help the surgeon stabilize 
instruments during procedures and prevent incidental strikes 
to the cervical spinal cord. This figure was provided by the cor-
responding author and consented for publications

Figure 2. Foraminal disc herniation can be removed without 
retraction or manipulation of the dural sac or nerve root.
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previous literature. Though there is limited evidence, anterior 

transcorporeal approach can be an alternative to approach 

highly migrated disc at the cervical spine [19].  

5. Create Working Space: Medial Facetectomy, 
Retrocorporeal Approach  

To avoid manipulation to cord or roots and to achieve ade-

quate decompression, another surgical strategy is creating the 

space by removal of the osseous structure. Surgeons have to 

balance the extent of bone removal to increase working space 

and the possibility of iatrogenic instability [20,21]. The advent 

of endoscopic burr expanded the indications of the full-endo-

scopic spine surgery. Kim et al. [22] reported favorable clinical 

and radiological results on cervical radiculopathy of 30 patients 

by applying partial pediculotomy and partial vertebrotomy for 

posterior endoscopic cervical foraminotomy. The partial re-

section of superior pedicle and posterior vertebrae could avoid 

violating the motion segment of the cervical spine. Ou et al. [23] 

also proposed similar concept by hemilaminectomy and partial 

retrocorporeal resection with endoscopic burr. In this way, it 

is feasible to approach central disc herniation or migrated disc 

without manipulating the dural sac through posterior approach 

(Figure 3). These modified techniques can widen the working 

space to ensure the safety during the removal of herniated disc. 

Though major vessel injury is rare in endoscopic spinal sur-

gery, there is a potential risk of injury to the vertebral artery (VA). 

The VA usually runs in the transverse foramina of the C1–6 

vertebrae and supplies blood to the hindbrain. It is important 

to avoid major vessel injury by understanding the anatomy of 

the VA. The course of VA is more medial and closer to lateral 

recess at the caudal level and closer to the left than the right 

side [24]. The VA is anterior to the exiting root and lateral to the 

pedicle. The safe zone between the lateral pedicle border and 

VA is around 1–2 mm from C2 to C6 but is only 0.65mm at the 

C6–7 level [25]. Therefore, keeping the surgical field within the 

lateral pedicle line is safe while bypassing the exiting nerve root 

to remove the disc or ventral osteophytes. 

CONCLUSION 

The goal of the endoscopic spine surgery is the effective de-

compression with a minimal invasiveness. Targeted-oriented 

approach is essential while deciding the surgical trajectory. 

Though the indications of cervical endoscopic spine surgeries 

have been expanded, adequate patient selection according to 

operators’ techniques and experience is critical and the first 

step to the success. The working space is smaller in the cervi-

cal spine than in the lumbar spine, and complications could 

be devastating with cervical cord injury. Different approaches 

are necessary to be able to reach every area of the spinal canal 

without manipulating the spinal cord. Modified techniques to 

widen the canal by partial resection of the surrounding bony 

structures can provide a safe corridor to reach the lesion. A me-

ticulous protocol and further studies to prove its efficacy and 

safety are necessary. 
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Figure 3. Modified posterior endoscopic cervical discectomy for a highly migrated disc herniation. (A) Hemilaminectomy to create 
the working zone. (B) After drilling the posterior vertebral body, the epidural space was expanded. (C) The retrocorporeal approach 
can help remove the migrated disc without manipulating the dural sac. (D) After removal of migrated fragment, the epidural space 
was vacant, with a pulsatile dural sac.
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INTRODUCTION 

Lumbar spinal fusion treats diverse spinal pathologies that 

cause spinal instability. Realizing the need for a less invasive 

lumbar spinal fusion procedure with fewer complications, Fo-

ley and Lefkowitz adopted the principles of minimally invasive 

spine surgery (MISS) and introduced the minimally invasive 

transforaminal lumbar interbody fusion (MI-TLIF) in the early 

2000s [1-5]. 

The MI-TLIF has shown reduced complications, decreased 

intraoperative blood loss, shorter hospital stays and recov-

ery time, and decreased postoperative narcotic usage while 

maintaining similar clinical outcomes and fusion rates to 

conventional open TLIF since its inception [6-19]. The success 

of MI-TLIF can be attributed to the following fundamental 
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principles: (1) minimizing damage to soft tissues and avoiding 

destabilization of the spinal segment(s) to achieve the surgical 

goal with the smallest possible operative footprint; (2) utilizing 

a unilateral approach to achieve bilateral decompression when 

needed; and (3) achieving neural decompression indirectly. 

Although there is no definitive definition of MI-TLIF, the lack 

of a precise definition has led to significant variations in how 

surgeons perform the procedure due to various technical nu-

ances associated with each step. To tackle this issue, Lener et al. 

[20] conducted a systematic review in 2020 and identified sev-

eral commonly agreed-upon patterns for performing MI-TLIF 

among most MIS surgeons. These include the utilization of 

paramedian incisions, a tubular retractor for total facetectomy, 

decompression, interbody cage placement, percutaneous in-

sertion of pedicle screw rod constructs with intraoperative im-
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aging, and the use of a microscope or endoscope is required for 

adequate visualization and illumination given the narrow work 

corridor for this procedure. On the other hand, approaches that 

involve expandable nontubular retractors requiring extensive 

subperiosteal dissection from the midline laterally or the use 

of wide pedicle-to-pedicle exposure with specular-based re-

tractors are less likely to be considered as part of the minimally 

invasive surgery (MIS) approach. When performing MI-TLIF, it 

is crucial for surgeons to exercise caution and be aware of vari-

ous contraindications. These contraindications, which are not 

exhaustive, encompass conditions such as extensive epidural 

scarring, arachnoiditis, active infection, conjoined nerve roots 

(which can hinder access to the disc space), and osteoporosis 

in patients. Surgeons should be mindful of these factors to en-

sure appropriate patient selection and minimize potential risks 

during the procedure [21]. 

The term "complication" carries different technical and emo-

tional significance for various stakeholders, including patients, 

surgeons, medical boards, the legal community, and others in-

volved. Sokol and Wilson [22] proposed a four-part definition of 

“surgical complication”: A surgical complication is any undesir-

able, unintended, and direct result of an operation affecting the 

patient that would not have occurred had the operation gone as 

well as reasonably hoped. 

While the complications of open TLIF are well-known, there 

is still a lack of understanding regarding the complications spe-

cifically associated with MIS techniques. The present review 

aims to identify and classify potential complications associated 

with MI-TLIF. 

CLASSIFICATION 

There is a paucity of literature when classifying, describing, 

and reporting complications of MI-TLIF. To address this, Pa-

tel et al. [23] proposed a descriptive classification system for 

perioperative complications of the MI-TLIF procedure, catego-

rizing them into early complications (occurring within 6-month 

postsurgery) and late complications (occurring after 6-month 

postsurgery) within 5 broad categories. Building upon this clas-

sification, we have further expanded it and included additional 

subcategories, as in Table 1. 

EARLY PERIOPERATIVE COMPLICATIONS 

1. Infection 

All surgical procedures carry the inherent risk of infection, 

which can have significant consequences for the patient. Sur-

geons primarily focus on wound infections and their poten-

tial complications, but infections affecting the urinary tract, 

respiratory system, and gastrointestinal tract are also causing 

concern. Introducing foreign materials into the patient's body 

has increased the risk of immediate postoperative infections 

and the possibility of late infections caused by hematogenous 

implant seeding. The introduction of MI-TLIF has led to a nota-

ble decrease in surgical site infection (SSI) incidence. This can 

be attributed to tubular retractors inserted through gradual soft 

tissue dilation without requiring extensive subperiosteal mus-

cle dissection [24]. This approach minimizes soft tissue trauma 

and reduces the dead space within the surgical site, thereby 

minimizing the exposed surface area during the procedure. 

These factors contribute to the reduction in SSI rates associated 

with MI-TLIF. 

Multiple systematic reviews and meta-analyses provide fur-

ther evidence to support this observation [25-28]. O'Toole et 

al. [24] conducted a study and discovered that surgical wound 

infections were significantly lower in MI-TLIF (0.6%) than in 

open TLIF procedures (4.0%). The reduction in the incidence 

of wound infections observed in the study resulted in a direct 

cost savings of $98,974 per 100 MI-TLIF procedures performed. 

Shousha et al. [29] analyzed 4,350 MIS procedures and con-

cluded that the infection rate after posterior transtubular mi-

croscopic assisted spinal surgery is very low (0.09%). Surgical 

debridement with fusion was the method of choice in treating 

such complications. This minimally invasive technique reduc-

es markedly the risk of postoperative infection compared with 

Table 1. Classification of complications of MI-TLIF [23] 

Category Complication
Early perioperative
 General Surgical site infection

Wound dehiscence
Fever

 Cardiopulmonary Pulmonary embolism
Deep vein thrombosis

 Neurological Neurological Injury
 Urinary Urinary tract infection
 Surgical Incidental durotomy

Screw malposition
Cage slippage

Late perioperative
 Biologic failure Pseudoarthrosis
 Biomechanical failure Implant loosening/failure
 Errors in surgical strategies Cage subsidence
 Technique errors Adjacent segment disease

MI-TLIF, minimally invasive transforaminal lumbar interbody fusion.
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other large series published in the literature. Wong et al. [30] 

reported a low incidence of surgical wound infection (0.2%), 

which compares favorably to the experiences reported by other 

authors. To further reduce infection rates in MI-TLIF, they rec-

ommended avoiding placing fingers directly into the surgical 

wound, as microscopic breaks in surgeons' gloves could po-

tentially increase the risk of surgical wound infections. Addi-

tionally, the study observed 7 perioperative medical infections 

(1.3%), including urinary tract infections and pneumonia. No-

tably, revision and multilevel procedures had a higher rate of 

perioperative infections than first-time MI-TLIF. Wang et al. [31] 

conducted a study aiming to develop and validate supervised 

machine learning algorithms to predict the risk of SSI following 

MI-TLIF. Through stepwise logistic regression analyses, the 

study identified several potential predictors of SSI, including 

preoperative glycated hemoglobin A1c levels, estimated blood 

loss (EBL), preoperative albumin levels, body mass index (BMI), 

and age. These variables were associated with the risk of devel-

oping SSI in MI-TLIF. 

2. Cardiopulmonary Complications 

Cardiopulmonary complications, such as deep vein throm-

bosis (DVT) and pulmonary embolism (PE), are uncommon af-

ter MI-TLIF, with reported incidence rates ranging from 0.4% to 

4.0% [11,30,32-34]. In a systematic review and meta-analysis by 

Bernatz and Anderson [35], DVT/PE was identified as the cause 

of 30-day readmissions in only 2 out of 13 studies. Although 

infrequent, DVT/PE can have devastating consequences, as ev-

ident from a study by Wong et al. [30], where one patient out of 

513 undergoing MI-TLIF died from a massive PE, while 6 others 

required anticoagulation therapy for DVT or PE. 

While the incidence of DVT/PE after MI-TLIF is not higher 

than that of standard TLIF, some researchers speculate that 

the longer operative time associated with MI-TLIF may be a 

contributing factor [11]. However, further research is needed 

to fully comprehend the relationship between operative time 

and the risk of DVT/PE in MI-TLIF procedures. Olinger and 

Gardocki supported the concept of a learning curve in MI-TLIF, 

noting a decrease in operative times with experience exceeding 

100 cases, thus decreasing the incidence of DVT/PE. They also 

emphasized using calf sequential compression devices (SCDs) 

during the procedure, as this preventive measure played a 

role in the absence of DVT/PE complications. Their findings 

suggest that as surgeons gain more experience and implement 

preventive measures like calf SCDs, the risk of DVT/PE can be 

minimized during MI-TLIF procedures. Adhering to the guide-

lines established by the North American Spine Society, all pa-

tients in the study received immediate postoperative treatment 

to prevent thromboembolism. This included using a thrombo-

embolism-deterrent hose and mechanical prophylaxis using 

calf SCDs. Notably, no pharmacologic DVT prophylaxis was ad-

ministered as part of the postoperative management protocol. 

3. Neurological Injury 

Whether MI-TLIF is associated with a higher incidence of 

nerve root injury has been widely discussed. The MI-TLIF ap-

proach allows for an aggressive discectomy and increases lat-

eral angles for interbody cage placement while minimizing the 

need for thecal sac or nerve root retraction. However, concerns 

arise due to the smaller corridor used in MI-TLIF compared to 

the conventional open approach. 

Conventionally, nerve injuries can occur due to misplaced 

screws or during cage insertion. In the literature, the reported 

incidence of postoperative neurological deficits in patients 

undergoing open TLIF is approximately 1%–3% [36]. In com-

parison, the reported incidence of neurological deficits after 

MI-TLIF ranges from 0.7% to 9.5% [23,30,37-39]. It is important 

to note that these neurological deficits are often transient and 

frequently associated with malpositioned hardware. 

Hu et al. [32] in their systematic review comparing compli-

cations in MI-TLIF and Open TLIF, found no significant dif-

ference in the incidence of neurological injuries between the 

2 approaches. It is important to consider the advancements 

brought about by magnification and illumination techniques in 

MI-TLIF, which have revolutionized the procedure and contrib-

uted to decreased complications.  

To reduce the incidence of neurological injuries, several 

principles should be followed. First, ensuring adequate visu-

alization of the exiting and traversing nerve roots during the 

procedure is crucial. This facilitates meticulous dissection 

and mobilization of the thecal sac, as well as the exiting and 

traversing nerve roots. Second, the use of navigation or robot-

ic guidance for percutaneous insertion of pedicle screws can 

enhance precision and reduce the risk of nerve injury. Third, 

inserting expandable interbody cages, which have a smaller 

footprint at the mouth of the disc space and expand to the de-

sired size within the disc space, can help minimize the risk of 

nerve compression by avoiding "overstuffing" the disc space 

with an oversized interbody cage, as this can directly injure 

the nerve roots or cause postoperative radiculopathy due to 

indirect stretching of the nerves. Finally, all fusion procedures 

should consider intraoperative neurophysiological monitoring 
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to provide real-time feedback and early detection of potential 

nerve-related complications. Stimulated electromyography is 

an intraoperative neurophysiological monitoring technique to 

help determine iatrogenic nerve injury resulting from malposi-

tioned screws. Any stimulus less than 8 mA raises concerns for 

possible malposition. Furthermore, a stimulus of 4–5 mA has a 

specificity of close to 100% for a pedicle wall defect [40]. 

To address the concerns of durotomy and nerve root injury 

during MI-TLIF, Wang et al. [41] proposed a modified tech-

nique where the surgical order was altered. In this modified ap-

proach, the interbody fusion procedure is performed before the 

decompression procedure. By performing the interbody fusion 

first, the surgeon can create a stable foundation and restore 

disc height while being protected by the ligamentum flavum 

(LF). This step is followed by the decompression procedure, 

which involves the removal of any compressive structures, such 

as LF, herniated discs or bone spurs. The findings suggest this 

modified approach is safe and effective, potentially reducing 

durotomy and nerve root injury during MI-TLIF. 

By adhering to these principles, surgeons aim to mitigate the 

risk of neurological injury during MI-TLIF and enhance patient 

safety. Continued advancements in surgical techniques and 

technology are likely to improve outcomes further and reduce 

the incidence of complications in MI-TLIF procedures. 

4. Durotomy 

Incidental durotomy during degenerative lumbar spinal 

surgery is a common complication. However, its reported inci-

dence in the literature varies widely, ranging from 0.3% to 30%, 

depending on the specific type of surgery [42-46]. An incidental 

durotomy can lead to various complications, such as postural 

headaches, persistent cerebrospinal fluid (CSF) leakage, and 

the formation of pseudo meningoceles [47-50]. These compli-

cations can significantly affect patient recovery and may neces-

sitate further interventions. 

Supporters of MI-TLIF highlight its advantages, including a 

muscle-sparing approach, smaller incisions, and reduced dead 

space. These factors are believed to prevent pseudo meningo-

cele formation and persistent CSF leaks following durotomy by 

acting as a natural barrier [50]. 

Several risk factors have been identified for dural tears, in-

cluding revision surgery, diabetes mellitus, high BMI, female 

sex, and advanced age [51-53]. These factors should be consid-

ered during surgical planning and patient counseling to min-

imize the risk of durotomy. Epidural fibrosis is an important 

consideration during revision surgeries. Many authors have 

described the minimally invasive extraforaminal lumbar inter-

body fusion (ELIF) technique to address this concern [54-57]. 

ELIF involves creating a working corridor angled at approxi-

mately 45° relative to the midline. This angle allows for avoiding 

the dural sac and postoperative epidural fibrosis in a lateral di-

rection, thereby reducing the risk of dural tears. The procedure 

is performed using an expandable tubular retractor system, 

which facilitates atraumatic access by following the natural 

intermuscular cleavage plane between the multifidus muscle 

and the longissimus thoracis muscle pars lumborum. One 

notable advantage of the ELIF technique is that the muscles 

involved do not exhibit signs of atrophy or fatty degeneration 

postoperatively. This suggests that the approach has a relatively 

minimal impact on the surrounding musculature. ELIF is ideal 

when there is foraminal compression in revision cases. In cases 

where intracanal lesions are the target of the procedure, partial 

removal of the superior facet is often sufficient to achieve the 

desired access and decompression. Overall, the ELIF technique 

offers a surgical approach to minimize the risk of complications 

associated with epidural fibrosis and durotomy during revision 

surgeries. By utilizing a specific working corridor and atrau-

matic access, this technique provides a potential solution to 

mitigate these concerns. 

A technique assessment published by Boukebir et al. [58] 

observed that most durotomies occur during the caudal and 

contralateral dissection while removing thickened LF from the 

underlying dura. To minimize the risk of durotomy, certain 

techniques can be employed. One important technique is care-

fully separating the dura from the LF using a ball-tip instrument 

before removing the LF with Kerrison rongeurs. This step en-

sures that the dura is adequately protected during the removal 

process. Additionally, 90° Kerrison rongeurs can help minimize 

the risk of durotomy due to their specific design and angle. An-

other useful technique involves closing the Kerrison rongeurs 

and moving them slightly to the right and left before commit-

ting to a bite. This maneuver allows for the assessment of any 

significant movement of the dura. If the dura has inadvertently 

been included in the bite, it will move noticeably during this 

maneuver. More significant dural tears can be avoided by being 

attentive to this movement. These techniques aim to enhance 

the precision and safety of the surgical procedure, reducing the 

occurrence of durotomy during the removal of the LF. 

In cases where a dural tear occurs during the procedure, the 

management approach depends on the size of the defect and 

whether or not nerve roots are protruding through the tear. 

Here are the general steps taken to address dural tears: 

(1) Small defects with contained nerve roots: If the dural tear 
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is relatively small and the nerve roots remain contained within 

the thecal sac, the defect is covered with fibrin glue or DuraSeal 

after achieving hemostasis. This step is performed before the 

removal of the tubular retractor. 

(2) Large defects with extruded nerve roots: In cases where 

the accidental durotomy is larger and nerve roots are extruding 

through the defect, a primary repair is performed. The goal 

is to place the nerve roots back into the thecal sac. Adequate 

drainage of CSF is important in facilitating this process. Figure 

1 shows an example. 

(3) Repair technique: The surgical team may utilize the 

Scanlan endoscopic dural repair set and a 4-0 Nurolon TF-5 

"fishhook" suture suitable for dural repair. This suture has been 

successfully used through small tubes as small as 15 mm in 

diameter. A Valsalva maneuver is performed to confirm the wa-

tertight closure of the repair. 

(4) Additional coverage: Once the repair is completed, the 

site is covered with fibrin glue or DuraSeal for further reinforce-

ment. 

After the repair, patients with CSF leaks are typically placed 

on flat bed rest until the following morning and then mobi-

lized early, within the first 24 hours following surgery [59]. This 

approach helps promote healing and prevents complications 

associated with CSF leaks. 

It is important to note that the specific management of dural 

tears may vary depending on the surgeon's preference and the 

individual patient's condition. 

5. Instrumentation Complications 

Pedicle screw malposition and interbody cage migration are 

recognized as common early perioperative instrumentation 

complications in MI-TLIF. The reported incidence of screw 

malposition varies in the literature, and corrective measures 

are typically taken intraoperatively to address any observed 

malposition. 

Patel et al. [23] and Hu et al. [32] reported incidences of 

screw malposition ranging from 0.35% to 1.2%. Figure 2 shows 

an example of screw malposition violating the medial pedicle 

wall. Additionally, Wong et al. [30] reported a 1.2% incidence of 

intraoperative fracture of the guidewire. Figure 3 is an example 

of a k-wire fracture. However, it's important to note that the 

findings and reported incidences may be influenced by factors 

such as the heterogeneity of the study populations, variations 

in surgical techniques, and the specific criteria used to define 

and assess screw malposition. 

El-Desouky et al. [60] conducted a study to evaluate the 

placement of percutaneously inserted pedicle screws in MI-

TLIF using intraoperative 2-dimensional fluoroscopy and 

1-year follow-up computed tomography (CT) scans. They re-

ported a pedicle wall violation rate of 13.97%, with only 4.31% 

of the screws showing violations exceeding 2 mm. Of all the 

screws, only 0.48% led to complaints and subsequent reopera-

Figure 1. An example of a large accidental durotomy with 
nerve roots extruding through the defect. Primary repair was 
performed, with the goal of placing the nerve roots back into 
the thecal sac.

Figure 2. An example of a screw malpositioned in the canal, 
violating the medial pedicle wall.
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tion involving 5 patients. The study observed increased pedicle 

violation rates in the upper lumbar pedicles. And for S1 screws, 

violations were 2.68 times more common on the left pedicle 

screws. To address this startlingly high incidence, the screw 

position should be carefully assessed, ensuring that the screw 

does not cross the midline on the anteroposterior view and 

respects the superior and inferior limits of the pedicles on the 

lateral view. Additional strategies include palpating the pedicle 

walls with a hook and directly visualizing decompressed roots 

to enhance accuracy during screw placement. 

The findings underscore the significance of precise screw 

placement and the utilization of intraoperative imaging tech-

niques to minimize pedicle violations and improve patient 

outcomes. The introduction of advanced technologies such as 

intraoperative 3-dimensional (3D) CT, computer-assisted nav-

igation, and robotics has substantially decreased the incidence 

of these complications. Intraoperative navigation systems of-

fer several benefits, including reduced radiation exposure for 

the surgeon. By providing real-time guidance, these systems 

enhance the accuracy of screw placement. Moreover, intraop-

erative CT scans or 3D fluoroscopy allows for a comprehensive 

evaluation of the screws, enabling the detection of any poten-

tial issues and the possibility of making corrections before the 

procedure concludes. 

The findings from a systematic review and meta-analysis by 

Shin et al. [61] provide evidence that computer-navigated screw 

insertion has a lower risk of pedicle screw perforation than 

conventional freehand insertion. The overall risk of perforation 

was 6% with navigation and 15% with conventional insertion. 

Notably, no neurological complications were reported with 

navigated insertion, while 3 were observed in the nonnavigated 

group. These results suggest that navigation can improve the 

safety of screw placement. In a study conducted by Dea [62], a 

patient-level data cost-effectiveness analysis was performed, 

leading to the conclusion that computer-assisted spinal sur-

gery can lower reoperation rates, thereby carrying significant 

cost-effectiveness implications with potential policy implica-

tions as well. While the acquisition and maintenance costs of 

this technology are relatively high, the study suggests that these 

expenses can be balanced by the considerable costs associated 

with reoperations using conventional fluoroscopy methods. 

The cost-effectiveness analysis indicated that, particularly for 

high-volume centers with comparable case complexity to the 

population studied, the adoption of computer-assisted spinal 

surgery is economically justified. In addition, the systematic re-

view of Naik et al. [63] indicated that robot-assisted placement 

had fewer complications than freehand placement. The odds of 

complications were higher with freehand placement compared 

to robot-assisted and CT-navigation placement. 

Both studies further support using navigation and robotic 

assistance in spinal surgery to minimize complications and 

enhance patient safety. Furthermore, the meta-analysis did not 

find a significant difference in total operative time and EBL be-

tween navigated and nonnavigated procedures, suggesting that 

navigation does not significantly impact these aspects of the 

surgical procedure. 

The increased accuracy in screw placement achieved 

through these technologies may also allow for larger diameter 

pedicle screws, which can enhance the mechanical strength of 

the spinal construct. Further investigation is warranted to study 

these advancements' mechanical properties and long-term 

outcomes.  

Improvements in navigation software and the availability of 

intraoperative CT scanners hold promise for enhancing navi-

Figure 3. A 43-year-old man underwent minimally invasive transforaminal lumbar interbody fusion, but his left L4 k-wire broke in 
2 places. (A) It was retained (arrow). (B) Postoperative computed tomography showed that the fragment was adjacent to the left 
internal iliac artery. (C) A laparoscopic transperitoneal removal of the k-wire fragment was performed on postoperative day 6.
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gation capabilities, making them more user-friendly and accu-

rate. Integrating advanced imaging technologies and real-time 

feedback can further improve the precision and safety of surgi-

cal procedures. 

The risk of interbody cage migration after MI-TLIF is a con-

cerning complication in a small percentage of cases, occurring 

in a range of 0.5% to 3.8% within the first 6 months postopera-

tively [23,30,64,65]. Hu et al. [65] identified posteriorly located 

and undersized cages as major risk factors for posterior cage 

migration based on their analysis of 953 cases. To minimize the 

risk of cage migration, several steps can be taken. Maximizing 

the dimensions of the interbody cage during placement, partic-

ularly while distracting the contralateral side, can help prevent 

potential migration. The interbody cage trial should fit snugly 

and require significant effort to remove, ensuring a secure 

placement. Using a flat or curved tamp to turn the interbody 

cage within the disc space can alter its trajectory and poten-

tially reduce the likelihood of migration. Expandable cages can 

also address this issue, as they can be inserted in a compact 

form through the tubular retractor and then expanded within 

the disc space, providing a secure fit. Lastly, applying bilateral 

compression across the surgical levels can promote fusion and 

reduce the potential for cage migration. 

LATE PERIOPERATIVE COMPLICATIONS 

Etiopathology of Late perioperative complications in MI-TLIF 

can be multifactorial and arise from failures in biology, biome-

chanics, surgical strategy, or technique errors. Most complica-

tions result from a combination of these factors; in some cases, 

failure in one area can increase the risk of a complication in 

another. 

For example, if there is inadequate fusion or poor bone 

quality, it can lead to implant failure or pseudarthrosis. Biome-

chanical factors such as improper load distribution or exces-

sive stress on the instrumentation can contribute to hardware 

failure or adjacent segment degeneration. Surgical strategy 

errors, such as inadequate decompression or inappropriate 

cage selection, can result in persistent neural compression or 

cage-related complications. Technique errors during screw 

placement, interbody cage insertion, or soft tissue handling 

can lead to pedicle violation, nerve root injury, or vascular 

complications. Insufficient training or experience in MIS tech-

niques can also increase the risk of complications. To mini-

mize these complications, it is crucial to have a comprehensive 

understanding of the underlying pathology, employ appropri-

ate surgical strategies, use meticulous surgical techniques, and 

ensure proper patient selection. 

1. Fusion-Related Complications 

A successful MI-TLIF heavily relies on establishing a solid 

interbody fusion, given the challenges associated with achiev-

ing a posterolateral fusion due to limited exposure. To prevent 

pseudarthrosis, it is crucial to thoroughly comprehend the 

biological and biomechanical considerations of fusion surgery. 

There are 3 fundamental requirements necessary for achieving 

bony fusion: 

(1) A sufficient amount of osteogenic cells, an osteoconduc-

tive matrix that can act as a scaffold for new bone to form and 

osteoinductive signals that promote bone formation. 

(2) It is also imperative to have adequate blood supply to the 

fusion bed. 

(3) Proper biomechanical stability also aids in limiting micro-

motion and strain to allow for bony fusion. 

Variations in the literature regarding MI-TLIF techniques 

primarily revolve around the selection of implants and graft 

materials used for interbody fusion. These implants play a cru-

cial role in providing biomechanical stability and maintaining 

load compression on the endplate-graft complex, thereby facil-

itating successful arthrodesis. Different options for grafts and 

fusion enhancers encompass a range of materials, including 

autologous bone obtained from laminectomy and facetectomy 

sites, autologous bone harvested from the iliac crest, allograft 

bone from cadaver donors, nonhuman bone substitutes such 

as hydroxyapatite and ceramics, demineralized bone matrix 

(DBM), and recombinant human bone morphogenetic pro-

teins (rhBMPs). 

The pseudarthrosis diagnosis is based on a combination of 

clinical symptoms and radiographic evidence obtained at the 

1-year follow-up. Clinical symptoms suggestive of pseudar-

throsis included persistent radiculopathy or axial back pain. 

Radiographic assessment using CT is performed for patients 

exhibiting these clinical symptoms and demonstrating radio-

graphic indicators suspicious of pseudarthrosis like increased 

motion across the fusion segment, radiolucency around the 

instrumentation, settling of the interbody cage, or the absence 

of sentinel signs on lateral radiographs. Figure 4 shows an ex-

ample of pseudoarthrosis with screw loosening. 

Parajón et al. [66] conducted a comprehensive meta-analysis 

to compare the fusion rates associated with different graft ma-

terials used in MI-TLIF. Their study included a diverse range of 

cases with varying graft material combinations. The findings 

revealed notable trends in the utilization and fusion rates of 
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of autologous local bone with both bone extenders and rhBMP 

demonstrated the highest fusion rate, reaching 98.8% at the 

12-month follow-up. On the other hand, the isolated use of lo-

cal bone yielded the lowest fusion rate of 91.8% at the 12-month 

follow-up. This discrepancy in fusion rates may be attributed, 

in part, to the relatively lower volume of local bone obtained 

from MI-TLIF procedures compared to open techniques. 

The safety profile of rhBMP has been a subject of scrutiny 

and has been investigated in numerous previous studies. While 

rhBMP2 has demonstrated the ability to increase fusion rates 

in spinal fusion procedures, concerns have been raised re-

garding its potential adverse effects, such as hyperostosis and 

inflammation [67]. Notably, there have been reports suggesting 

a potential association between rhBMP and de novo cancer for-

mation, particularly when administered at doses exceeding 40 

mg[67]. However, the exact risk of postoperative cancer devel-

opment following the use of BMP in spinal fusion has not been 

definitively established [68], and the evaluation of this potential 

side effect should be conducted on an individual basis for each 

patient by the surgeon. 

Conversely, studies have shown that utilizing rhBMP at lower 

doses, specifically less than 5 mg per level, has yielded favorable 

fusion rates and positive clinical outcomes during long-term 

follow-up. It is worth noting that the concentration of rhBMP 

available can vary from 1 to 12 mg, and the decision regard-

ing its application is determined by the treating surgeon. This 

Figure 5. An example of cage subsidence at 15 months postoperative with adjacent segment spondylolisthesis. Preoperative later-
al radiograph (A), 1-month postoperative lateral radiograph (B), and 15-month postoperative lateral radiograph (C) showing L5–S1 
cage subsidence, and L4–5 adjacent segment disease (arrow).

AA BB CC

Figure 4. An example of pseudoarthrosis (A) with screw loos-
ening (B).
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specific graft materials. 

Among the cases analyzed, rhBMP was utilized in 36.5% of 

all MI-TLIF cases. Furthermore, the combination of local auto-

graft with rhBMP was used in 21.9% of cases, while the combi-

nation of local autograft with bone extenders and rhBMP was 

employed in 14.6% of cases. Notably, there were no instances of 

iliac crest bone graft combined with rhBMP. 

Regardless of the graft material used, the fusion rates for MI-

TLIF were consistently high, exceeding 90%. The combination 
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variation in concentration and the individualized approach to 

dosage based on the surgeon's judgment makes it challenging 

to quantify the precise dosage per surface area. 

Other complications documented by rhBMP use are symp-

tomatic ectopic bone formation, vertebral osteolysis, recalcitrant 

postoperative radiculopathy, and pseudarthrosis. Potential caus-

es include improper dosage and a closed space that prevents the 

egress of the postoperative BMP-2 fluid collection [69-71]. 

2. Adjacent Segment Disease 

Adjacent segment degeneration refers to radiographic chang-

es observed in the intervertebral disc adjacent to a previously 

operated spinal level, irrespective of symptoms. When symp-

tomatic, it is referred to as adjacent segment disease (ASD)[72]. 

Figure 5 shows a 15-month postoperative lateral radiograph 

showing L5–S1 cage subsidence, and L4–5 adjacent segment 

disease (arrow). The reported incidence of reoperation rates 

for adjacent segment degeneration after lumbar fusion surgery 

ranges from 3.5% to 14.5% [73-75].  

Yuan et al. [73] conducted a multivariate analysis and iden-

tified several independent risk factors for developing ASD after 

MI-TLIF, including lower bone mineral density (BMD), higher 

BMI, and preoperative adjacent segment disc degeneration. 

While Hashimoto et al. [76] included age over 60 years, high 

BMI, long fusion segment, excessive distraction at the fusion 

segment, hypo lordotic fixation, retroverted pelvis, Pfirrmann's 

disc degeneration grading of more than 3 in the adjacent seg-

ment, osteoporosis, and facet/facet capsule damage. 

Ever since Lee et al. [77] initially reported a correlation be-

tween facet violation and ASD, there is increasing attention on 

the role of superior facet joint violation. However, conflicting 

evidence exists regarding whether MI-TLIF procedures increase 

the incidence of facet violation. 

Lau et al. [78] conducted a study suggesting that minimally 

invasive pedicle screw placement is not associated with higher 

rates of facet violation. However, this finding was contradicted 

by Patel et al. [79], who demonstrated that iatrogenic superior 

facet violation is more prevalent in MI-TLIF compared to open 

TLIF procedures at a single lower lumbar level. 

Given these conflicting findings, it is advisable to adopt a 

cautious approach and consider the risk factors associated with 

facet violation, as suggested by Zhao et al. [80]. Specifically, a 

BMI of 30 kg/m2 or higher and pedicle screw placement at the 

L5 level were identified as independent risk factors for superior 

facet violation. Additionally, facet violation was more likely to 

occur in hypertrophic facets (with axial, sagittal, and coronal 

diameters ≥12 mm) or in cases where the facet joint had a coro-

nal orientation (facet angle ≥40°). 

In a meta-analysis involving 6 trials and 408 patients who 

underwent single-level lumbar interbody fusion, Li et al. [81] 

concluded that the incidence rate of ASD was lower in the MIS 

group than in those who underwent open surgery. 

These findings suggest that MI-TLIF may be associated with 

lower rates of ASD and degeneration than open surgery. Iden-

tifying and considering various risk factors can aid in assessing 

the likelihood of developing ASD and help guide surgical deci-

sion-making and patient management. 

3. Late Instrumentation Complications 

Late instrumentation complications encountered in lumbar 

fusion surgeries include cage subsidence, screw loosening, 

and implant fracture. These complications can occur inde-

pendently or, more commonly, form a spectrum of events that 

occur in conjunction with one another. The subsidence of the 

interbody fusion cage can gradually reduce intervertebral disc 

height. This reduction negatively impacts the anterior sup-

port of the spine, impeding successful fusion. Over time, this 

can lead to screw loosening as the stability of the construct is 

compromised. Ultimately, the combination of cage subsidence 

and screw loosening may progress to implant fracture, further 

compromising the integrity of the instrumentation used in the 

fusion surgery. 

Cage subsidence in lumbar fusion surgeries is typically de-

fined as the sinking of a cage into an adjacent vertebral body by 

more than 2 mm [82]. Figure 5C shows an example of 15-month 

postoperative L5–S1 cage subsidence. Several factors have been 

identified as being associated with cage subsidence. These 

include higher BMI, increasing severity of multifidus muscle at-

rophy, the specific type of cage (such as titanium-coated poly-

etheretherketone [PEEK] vs. PEEK), larger cage size (height ≥ 12 

mm), the use of bone substitute (such as DBM mixed autograft 

versus pure autograft), and the posterior position of the cage 

[83]. 

The reported incidence of cage subsidence varies widely in 

the literature, ranging from 15% to 70% [33,83-86].However, it is 

important to note that the literature lacks clarity regarding the 

percentage of patients who experience clinical symptoms spe-

cifically attributed to cage subsidence. 

Expandable cages in MI-TLIF have become increasingly 

common due to their benefits, such as a smaller insertion foot-

print and compact fit. However, using expandable cages intro-

duces a distraction force in the disc space, which may not be an  
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ideal environment for fusion. Consequently, multiple studies 

have raised concerns about the efficacy of expandable cages. 

While comparing the clinical and radiologic outcomes of pa-

tients undergoing MI-TLIF with expandable cages versus non-

expandable cages, these studies have shown that there may not 

be a significant difference in various parameters between the 2 

types of cages [87-90]. These findings suggest that expandable 

cages may not provide substantial advantages over nonexpand-

able cages regarding patient outcomes. Moreover, the higher 

cost associated with expandable cages raises questions about 

their cost-effectiveness. Thus, it becomes unclear whether the 

added expense of expandable cages is justified. 

Further research and long-term studies are needed to better 

evaluate the clinical efficacy, cost-effectiveness, and potential 

complications associated with expandable cages in MI-TLIF. 

As indicated in previous studies, osteoporosis has been iden-

tified as a significant risk factor for cage subsidence. The sta-

bility and failure load of the endplate and cage are influenced 

by BMD. Earlier research has demonstrated a relationship be-

tween BMD and the likelihood of subsidence [91]. 

Oh et al. [92] conducted a study and observed a weak cor-

relation between BMD and subsidence. They discovered that 

patients with a BMD score of less than -3.0 exhibited an in-

creased risk of subsidence. Similarly, Cho et al. [93] conducted 

a study and reported that patients with a T score of -2.5 or lower 

had a sedimentation rate increase of at least -1.0 compared to 

patients with a higher T score. 

These findings highlight the impact of BMD on the occur-

rence of cage subsidence. Patients with lower BMD scores, par-

ticularly those with a T score of -2.5 or lower, appear to be at an 

elevated risk of subsidence. This emphasizes the importance of 

osteoporosis and BMD assessment in the preoperative evalua-

tion of patients undergoing lumbar fusion surgeries. Identifying 

patients with low BMD allows for appropriate measures to be 

taken to enhance stability and prevent complications associat-

ed with cage subsidence. 

CONCLUSION 

While MISS has demonstrated lower complication rates than 

traditional open methods, it is important to acknowledge that 

it still carries a unique set of complications. The complications 

can vary depending on the minimally invasive procedure per-

formed and the underlying indication. The current published 

literature has identified several complications associated with 

MI-TLIF. 

Adherence to meticulous surgical technique, proper patient 

selection, preoperative planning, and intraoperative monitor-

ing can help mitigate these complications. Continued research 

and experience in the field of MISS are essential for further un-

derstanding and optimizing patient outcomes while minimiz-

ing the occurrence of complications. 
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INTRODUCTION 

Decompressive laminectomy is a treatment option for symp-

tomatic spinal stenosis, herniated lumbar disc, and other de-
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Objective: Unilateral biportal endoscopic lumbar discectomy and microscopic lumbar discecto-
my are typical surgical treatments for spinal disease that are performed in different environ-
ment. This study investigated differences in bone healing at the postoperative laminecrtomy site 
between 2 surgical treatments performed in different environments.
Methods: From January 2018 to June 2021, 66 patients who underwent laminectomy at De-
partment of Neurosurgery, Gangnam Severance Hospital were retrospectively reviewed. All pa-
tients were matched for sex, age, body mass index, bone mineral density, and follow-up dura-
tion at a 1:2 matching ratio and were divided into the UBE group (22 patients) and the micro-
scopic discectomy group (44 patients). We investigated the site of laminectomy shown on pre-
operative and postoperative x-ray images using ImageJ software. The factors related to bone 
healing were also investigated. 
Results: The average bone healing area was 69.59 mm2 in the UBE group and 44.56 mm2 in the 
microscopic discectomy group, constituting a significant difference (p=0.022). The remaining 
laminectomy area was significantly lower in the UBE group than in the microscopic discectomy 
group (13.91 mm2 vs. 53.84 mm2, p<0.001). The bone recovery ratio in the UBE group was 
85.42%, compared to 51.33% in the microscopic discectomy group, which was a significant 
difference (p<0.001). The primary laminectomy area, bone healing during 6 months, and clini-
cal outcomes were not significantly different between the 2 groups. 
Conclusion: Compared with the microscopic discectomy group, the UBE group had a larger 
bone healing area and a higher bone recovery ratio for patients with lumbar discectomy. These 
findings suggest that preserving normal structures is more feasible during UBE than during mi-
croscopic surgery. 
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generative lumbar disease. In 1829, AG Smith performed the 

first laminectomy [1]. The current gold standard treatment for 

lumbar disc herniation refractory to conservative treatment 

is facet-preserving partial hemilaminectomy and discectomy 
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[2]. Decompression through extensive laminectomy with facet 

violation or excessive laminectomy has a potential risk of future 

instability and deformity [3]. The degree of bony resection re-

quired to achieve effective neural decompression with minimal 

bony damage and reduced risks of the aforementioned compli-

cations remains debatable. Nevertheless, normal structure-pre-

serving surgery is important, and various surgical methods 

have been developed to achieve neural decompression and 

discectomy. 

At the beginning of the 21st century, several authors intro-

duced various lumbar decompression and discectomy tech-

niques to preserve the posterior midline structures [4-6]. Such 

techniques evolved into microendoscopic decompression and 

discectomy with the use of microscopy and tubular retractors 

[7]. Recently, several authors have used unilateral biportal 

endoscopic (UBE) discectomy for treatment of lumbar degen-

erative disease [8-15]. UBE discectomy requires less extensive 

bone resection, limits muscle damage, can yield sufficient 

decompression despite minimal neural retraction [16,17], and 

can be performed under highly magnified views. Decompres-

sion of the contralateral traversing root is relatively easy due to 

the wide angle available for insertion of an arthroscope. With 

these advantages, the UBE technique has developed and been 

applied in the cervical, thoracic, and lumbar spine [18-21]. 

Microscopic lumbar discectomy, in which a midline incision 

is made with unilateral dissection of the paraspinal muscles for 

exposing the bony spinal structures, is performed in an air envi-

ronment. The main difference from microscopic open surgery 

is that UBE discectomy is performed in a water environment. 

Continuous saline irrigation through the portals during surgery 

prevents temperature increase of the bone surface and reduc-

es damage of the bone. The difference between microscopic 

lumbar discectomy and UBE discectomy is the environment in 

which surgery is performed. Although there have been many 

prior studies comparing these 2 surgeries, none has compared 

them in terms of laminectomy area and healing. Therefore, we 

studied to investigate the difference of bone healing and pres-

ervation in water-based UBE discectomy and air-based micro-

scopic lumbar discectomy. 

MATERIALS AND METHODS 

1. Study Patients 

This study is a retrospective analysis of patients who under-

went UBE or microscopic lumbar discectomy to treat back pain 

or radiculopathy due to degenerative lumbar disease between 

January 2018 to June 2021, at a single institute. The operative 

procedures were determined according to the experience and 

preferences of the operating surgeons. All included patients 

met the following criteria: (1) age > 18 years; (2) at least 1-year 

postoperative day (POD); (3) outpatient follow-up (F/U) du-

ration of at least 1 year; (4) sufficient imaging data including 

pre- and postoperative x-rays; (5) no revision surgery during 

follow-up; and (6) adequate image quality to calculate lami-

nectomy area. Patients with tumors, infection, trauma, or con-

genital bone deformities such as spina bifida were excluded 

(Figure 1). This study was approved by the Institutional Review 

Board (IRB) of Gangnam Severance Hospital, Yonsei University 

College of Medicine (IRB No. 3-2022-0084). 

2. Surgical Procedure 

The patient is positioned prone over the radiolucent Wilson 

frame during under general anesthesia. For UBE discectomy, 2 

incisions are placed approximately 3 cm apart, with the center 

of each placed on a target disc space. After inserting a serial 

dilator into the working portal, a radiofrequency ablation probe 

was used to dissect the paraspinal muscle. UBE discectomy 

is performed under continuous normal saline irrigation (wa-

ter-based). It is critical to ensure that the final layer of draping 

581 Records identified through database 
from January 2018 to June 2021

22 UBE  
Group

44 Conventional 
Group

510 Excluded
151 POD < 1 year
252 F/U duration < 1 year

91  Insufficient imaging tests or additional surgery 
on the laminectomy site

16 Inadequate image quality to calculate area 

22 UBE  
Group

49 Conventional 
Group

Sex, age, BMI, BMD, and F/U duration 
matched (1:2)

Figure 1. Inclusion flowchart for patients undergoing partial 
hemilaminectomy (UBE and microscopic surgery). POD, postop-
erative day; F/U, follow-up; BMI, body mass index; BMD, bone 
mineral density; UBE, unilateral biportal endoscopic.
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is waterproof and that there is a smooth drainage system for sa-

line outflow. After paraspinal soft tissue is dissected, the lower 

lamina of the upper lumbar spine and upper lamina of the low-

er lumbar spine are partially removed via an automated drill 

and Kerrison punches until the ligamentum flavum is released 

from the bony structures. After bone work is complete, the lig-

amentum flavum was dissected and removed using Kerrison 

punches. Next, the exiting nerve root is identified and disc frag-

ments or osteophytes removed [22]. Decompressed root con-

firmation and disc space exploration are performed. The skin 

is sutured using nonabsorbable 3-0 sutures (Nylon, Coviden, 

Minneapolis, MN, USA). 

Microscopic lumbar discectomy is performed under gen-

eral anesthesia. The surgical procedure follows the standard 

method using a Caspar, or Taylor retractor system [23,24]. A 2- 

to 3-cm midline skin incision is made, and the subcutaneous 

tissue is dissected down to the level of the lumbar fascia to 

expose bony structures and interlaminar ligamentum flavum 

(air-based). The inferior portion of the superior lamina is re-

moved with a high-speed drill and Kerrison punches to prop-

erly expose the herniated disc and neural elements. Then, the 

ligamentum flavum is removed for disc discrimination and the 

nerve roots were exposed. Any protruded disc area is removed, 

and the mobility of the root is assessed using a hook dissector. 

Wound closure was performed using 1, 2-0 absorbable sutures 

(Vycryl, Ehicon, Somerville, NJ, USA) and a skin stapler. 

3. Data Collection 

Information regarding patient characteristics, including age, 

sex, smoking, height, weight, body mass index (BMI), bone 

mineral density (BMD), and clinical symptoms, was collect-

ed. Furthermore, type of the surgery, operating time, hospital 

stay, estimated blood loss (EBL), and F/U duration were docu-

mented. Surgeons collected the following information for each 

patient preoperatively, postoperatively, and at the 1-month, 

6-month, 12-month, 18-month, 24-month, and final F/Us. 

Laminectomy area, healing area, remaining laminectomy area 

(laminectomy area minus bone healing area), bone recovery 

rate (ratio of healing area to laminectomy area), and bone 

healing area by F/U period were also collected for comparing 

UBE and microscopic discectomy. Visual analogue scale (VAS) 

scores, MacNab criteria, and restenosis or revision for evaluat-

ing disability and pain response were collected. 

4. Measurement Method 

We measured the surface area using open-source software 

ImageJ bundle with 64-bit JAVA 1.8.0_172.ImageJ 1.5e (National 

Institutes of Health, Bethesda, MD, USA). First, we measured 

the area of interlaminar space in preoperative lumbar radio-

graph and then the area in postoperative lumbar radiograph. 

The laminectomy area is defined as the difference in area at 

postoperative and preoperative lumbar radiograph. The result-

ing red masks represent the laminectomy area (Figure 2A–C). 

Laminectomy area=measured area at immediate postopera-

tive–preoperative x-ray 

Bone healing area is measured in the same manner after 

laminectomy. We measured the laminectomy area in lumbar 

radiograph at postoperative specific time and 6 months later 

than a postoperative specific time. The bone healing area is de-

fined as the difference the area measured at postoperative spe-

cific time and 6 months later than a postoperative specific time. 

The interval period is 6 months, because the postoperative 

lumbar radiographs were performed every 6 months. For ex-

ample, the bone healing area between POD 6 months and POD 

12 months is defined as the difference in the measured area at 

POD 6 months and the measured area at POD 12 months (Fig-

ure 2D–F). 

Bone healing=measured at a (α) – measured at a (α + 6 months), 

α=postoperative specific time 

Alterations at the laminectomy site occur with bone healing. 

A 64-year-old woman presented with severe left leg radiating 

pain and left ankle dorsiflexion weakness (motor power: grade 

I). UBE discectomy with a left paraspinal approach was per-

formed to decompress and dissect the compressive lesion. A 

lumbar radiograph was obtained in the outpatient clinic every 

6 months. Imaging tests were performed until 30 months after 

UBE discectomy and show gradual healing of laminectomy, 

marked with a yellow outline in Figure 3. The remaining lam-

inectomy area is defined as the difference in area measured 

preoperatively and at last F/U x-rays. For example, in Figure 3, 

there is a difference in area in the samples measured at Figure 

3G and Figure 3A. In addition, bone recovery ratio is defined 

as the ratio of bone healing area to laminectomy area. For ex-

ample, in Figure 3, bone recovery ratio is the difference in area 

measured at Figure 3B and Figure 3G divided into the differ-

ence in the area measured at Figure 3B and Figure 3A. 
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Figure 2. Laminectomy and bone healing areas. A preoperative lumbar radiograph in the standing position (A) and an immediate 
postoperative radiograph (B). (C) Measurement of the laminectomy area (red area). Laminectomy area=the area measured immedi-
ately postoperatively (B) – the area measured on the preoperative x-ray examination (A). The lumbar radiographs at the 6-month 
follow-up (D) and at the 12-month follow-up (E). (F) Measurement of the healing area (blue area). Healing area at 6–12 months 
postoperatively=the area measured at the 12-month follow-up (D) – the area measured at the 6-month follow-up (E). The healing 
area depended on the 2 periods of measurement. Interlamina area + laminectromy area (yellow area).
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Figure 3. Serial changes in the laminectomy area on lumbar anteroposterior radiographs. Preoperative (A), immediately postop-
erative (B), postoperative 6-month (C), postoperative 12-month (D), postoperative 18-month (E), postoperative 24-month (F), and 
postoperative 30-month (G) images. Interlamina area + remaining laminectomy area (yellow area).
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Remaining laminectomy area = measured at a last F/U–   

measured preoperatively  

Bone recovery ratio (%) = Laminectomy area −remaining laminectomy area × 100

5. Statistical Analysis 

Statistical analysis was performed using IBM SPSS Statis-

tics ver. 25.0 (IBM Co., Armonk, NY, USA). All patients were 

matched by sex, age, BMI, BMD, and F/U duration and were di-

vided into the “UBE group” and the “Microscopic group” by a 1:2 

matching ratio. Continuous variables were expressed as mean 

and standard deviation. Significant differences in preopera-

tive and postoperative VAS scores were determined using the 

paired t-test. Independent t-test was used to compare perioper-

ative results, factors related with laminectomy area, and clinical 

results among the 2 independent groups. Mann-Whitney U-test 

or Wilcoxon signed-rank test was also used for nonparametric 

statistical analysis. A p-value of <0.05 was considered to indi-

cate statistical significance. 

RESULTS 

We enrolled 22 patients who underwent UBE discectomy 

and 44 patients who underwent microscopic discectomy were 

suitable for our study. The patient demographics and perioper-

ative results are summarized in Table 1. “Yes” indicates current 

user in each category in Table 1. For example, “Yes” in smoking 

is current smoker and “No” in smoking is ex- or nonsmoker. 

Sex, smoking, age, BMI, BMD, F/U duration, and operation 

level were not statistically different between the UBE and mi-

croscopic groups. The mean EBL was significantly less in the 

UBE group than in the microscopic group (48.18±61.36 mL vs. 

110.45±177.45 mL, p=0.041). The mean hospital length of stay 

(LOS) was significantly shorter in the UBE group than in the 

microscopic group (6.14±1.88 days vs. 7.93±3.01 days, p=0.013). 

The measurement of laminectomy area and clinical results 

are shown in Table 2. Laminectomy area in the UBE group 

was less than that in the microscopic group, but there was no 

statistical difference (83.50±53.22 mm2 vs. 98.40±72.45 mm2, 

p=0.396). The difference between laminectomy area and 

healing area is the bone defect remaining in the lamina that 

underwent surgery. In other words, the defect is the remain-

ing laminectomy area after remodeling and the area that has 

not been healed. The remaining laminectomy area in the UBE 

group was significantly less than that in the microscopic group 

(13.91±25.16 mm2 vs. 53.84±55.19 mm2, p<0.001). Bone healing 

area and bone recovery ratio in the UBE group were signifi-

Table 1. Patient demographics and perioperative results 

Variable UBE group (n=22) Microscopic group (n=44) p-value
Sex 1.000
 Male 11 (50.0) 22 (50.0)
 Female 11 (50.0) 22 (40.0)
Smoking 0.179
 Yes 2 (9.1) 9 (20.5)
 No 20 (90.9) 35 (79.5)
Age (yr) 52.9±16.4 46.4±13.5 0.095
Height (cm) 163.68±10.89 166.75±8.24 0.251
Weight (kg) 67.83±10.85 70.15±13.83 0.460
BMI (kg/m2) 25.31±2.95 25.11±3.98 0.834
BMD -1.21±0.91 -1.60±0.91 0.380
Operation time (min) 74.36±20.31 76.68±26.09 0.717
EBL (mL) 48.18±61.36 110.45±177.45 0.041*,†

F/U duration (mo) 23.73±9.21 20.04±8.27 0.105
Hospital LOS (day) 6.14±1.88 7.93±3.01 0.013*,†

Operation level 0.400‡

 L2/3 0 (0) 2 (4.5)
 L3/4 4 (18.1) 2 (4.5)
 L4/5 12 (54.5) 25 (56.8)
 L5/S1 6 (27.3) 15 (34.1)

Values are presented as number (%) or mean±standard deviation.
UBE, unilateral biportal endoscopic; BMI, body mass index; BMD, bone mineral density; EBL, estimated blood loss; F/U, follow-up; LOS, length of stay.
*p<0.05, statistically significant differences. †Independent t-test. ‡Mann-Whitney U-test were used for statistical analysis.
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Table 2. Laminectomy area changes and clinical results 

Variable UBE group (n=22) Microscopic group (n=44) p-value
Laminectomy area change
 Laminectomy area (mm2) 83.50±53.22 98.40±72.45 0.396
 Bone healing (mm2) 69.59±46.32 44.56±38.04 0.022*,§

 Remaining laminectomy area (mm2)† 13.91±25.16 53.84±55.19 <0.001*,§

 Bone recovery ratio (%)‡ 85.42±24.52 51.33±28.19 <0.001*,§

Bone healing area (mm2) by follow-up period
 Postoperative 0–6 months 36.81±26.08 21.36±28.93 0.062
 Postoperative 6–12 months 24.89±24.54 19.51±29.57 0.605
 Postoperative 12–18 months 14.46±13.35 25.85±16.59 0.303
Clinical results
 Preoperative VAS score 7.18±1.40 7.48±1.68 0.480
 Postoperative VAS score 2.32±2.01** 2.48±1.68** 0.735
 Δ VAS score 4.86±2.82 5.00±2.01 0.822
MacNab evaluation 0.636
 Excellent/good 13 (59.1) 23 (52.3)
 Fair 5 (22.7) 14 (31.8)
 Poor 4 (18.2) 7 (15.9)
Restenosis or revision 0 (0) 0 (0) 1.000

Values are presented as mean±standard deviation or number (%).
UBE, unilateral biportal endoscopic; VAS, visual analogue scale; Δ VAS=preoperative VAS – postoperative VAS.
The Mann-Whitney U-test and paired t-test were used.
*p<0.05 statistically significant differences. †Laminectomy area minus bone healing area. ‡The ratio of bone healing area to laminectomy area. §Indepen-
dent t-test. **p<0.001 versus preoperative data.
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cantly larger than those in the microscopic group (69.59±46.32 

mm2 vs. 44.56±38.04 mm2, p=0.022; 85.42%±24.52% vs. 

51.33%±28.19%, p<0.001, respectively) (Figure 4). We also 

measured the bone healing area at intervals of 6 months. Bone 

healing area did not differ by F/U period, but there was a high-

er trend of bone healing area by F/U period in the UBE group 

until 12 months after surgery, after which it was higher in the 

microscopic group, as shown in Figure 5. 

The postoperative mean VAS scores improved significantly 

in both the UBE and microscopic groups (p<0.001) (Table 2). 

According to the Modified MacNab criteria, 13 patients (59.1%) 

in the UBE group and 23 patients (52.3%) in the microscopic 

group were rated as having excellent or good outcomes (Table 

2). The mean VAS and the difference in preoperative and post-

operative VAS scores of the UBE and microscopic groups were 

not significantly different. There was no case of restenosis or 

revision surgery due to bone remodeling.  

DISCUSSION 

Many previous studies have demonstrated that irrigation 

affects bone healing after osteotomy. In a previous study, pa-

tients undergoing osteotomy were divided into a group that 

maintained irrigation and a control group that did not. No sig-

nificant difference in new bone formation was shown between 

the 2 groups. Pathologically, continuous irrigation during bone 

work resulted in increased new bone formation [25]. Therefore, 

it can be suggested that the difference in bone healing between 

the air-based microscopic group and the water-based UBE 

group was caused by the difference in thermal injury based on 

continuous irrigation. 

Drilling parameters that can increase bone temperature and 

hence thermal osteogenesis include drilling speed, drill feed 

rate, drill diameter, drill point angle, drill material and wear, 

drilling depth, predrilling, drill geometry, cooling, and bone 

cortical thickness [26]. A strength of this study is that all sur-

geons performed laminectomy in UBE and microscopic groups 

using a match-head drill (9MH30, Medtronic/Midas Rex Leg-

end Institute, Fort Worth, TX, USA). Depending on the center, 

there are institutions where laminectomy is performed using 

chisel without using drill. When laminectomy is performed us-

ing chisel, the thermal injury is not clear. However, in this study, 

it was possible to compare water-based and air-based surgery 

because only drill was used when conducting laminectomy. 

In addition, when using a drill during microscopic surgery, 

the amount of irrigation enough to remove only bone dust was 

minimal. 

However, the other conditions were not constant. Also, since 
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Figure 5. Trends in the bone healing rate in the unilateral biportal endoscopic (UBE) and microscopic groups.
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retrospective analysis was performed on actual patients, the 

laminectomy area might differ according to location of the le-

sion, such as extraforaminal lesion, up- and downward migra-

tion. 

In addition, factors such as vitamin D, parathyroid hormone, 

and calcitonin level that can affect bone formation were not 

analyzed (patients receiving insulin and thiazolindinione were 

checked, but the number of patients was too small to be includ-

ed: Thiazolindinione use in 1 UBE patient and 0 microscopic 

patients) [27]. Also, physical activity and caffeine were not con-

sidered [28-31]. However, drugs related with bone remodeling, 

such as proton pump inhibitor, nonsteroidal anti-inflammatory 

drugs (NSAIDs), antiepileptic drug, nicotine, and steroids, 

could be investigated [32-35], and pre- and postoperative use 

of NSAIDs and steroids was significantly different in UBE and 

microscopic groups (Table 3). For this reason, it can be inferred 

that the results of bone remodeling involve factors other than 

the difference between air and water environments. 

The appropriate size of laminectomy for sufficient decom-

pression can vary by lesion level. For example, since the interla-

minar space of the L5/S1 level is generally wider than that of the 

L2/3 level, the minimum area required at the lower level might 

be smaller than that needed at the upper level. In addition, in-

terlaminar space changes in different body positions, such as 

flexion and extension [36]. However, in the present study, there 

was no significant difference between UBE and microscopic 

groups, allowing an appropriate comparison (p=0.400) (Table 1). 

A limitation of this study is use of lumbar radiograph rather 

than a 3-dimensional (3D) computed tomography (CT) recon-

struction image to measure laminectomy area. Since the angle 

of the lamina is oblique rather than vertical, errors can occur 

when measuring laminectomy area by person and by surgical 

level. Such an error can result in over- or underestimation of 

laminectomy area. These may cause invalid and unreliable 

measurement. In addition, measurement by non-blinded as-

sessor may result in information bias. And, in this study, most 

surgery was performed at levels L4/5 or L5/S1 (Table 1). A pre-

vious study showed no significant difference in L3 and L4 lam-

ina angles in patients with or without disease [37]. However, no 

study has compared lamina angle at L4/5 and L5/S1 levels. To 

improve the accuracy of this study, it was necessary to perform 

CT tests on outpatients. However, performing CT tests for study 

can result in patients being exposed to unnecessary radiation. 

This could lead to ethical problems as well as medical prob-

lems, so it was not right to perform CT tests.  

Another limitation is that the many internal organs around 

the lumbar spine can cause disturbances, such as by movement 

of bowel gas or organ movement. Such disturbances result in 

limitations in measuring the laminectomy area. To overcome 

this limitation, CT with 3D reconstruction can be used. Howev-

er, as CT involves increased radiation exposure to the patient, it 

could not be performed in the present study (Figure 6). In addi-

tion, bone remodeling and quality cannot be evaluated simply 

by measuring the laminectomy area visible on lumbar radio-

graph but should be evaluated by various methods (mechanical 

testing, tissue pathology, dual energy x-ray, quantitative ultra-

sound, mineral/protein composition, etc.) [38].  

Finally, the more bone healing after surgery, the more reste-

nosis can be caused. However, in the results of this study, there 

was no difference in clinical outcomes between the UBE and 

Table 3. Factors associated with bone healing 

Variable UBE group (n=22) Microscopic group (n=44) p-value
Smoking 0.179
 Yes 2 (9.1) 9 (20.5)
 No 20 (90.9) 35 (79.5)
Alcohol use 1.000
 Yes 8 (36.4) 14 (31.8)
 No 14 (63.6) 30 (68.2)
PPI use 0.843
 Yes 6 (27.3) 11 (25.0)
 No 16 (72.7) 33 (75.0)
Steroid use 0.009*
 Yes 1 (4.5) 14 (31.8)
 No 21 (95.5) 30 (68.1)
NSAID use 0.003*
 Yes 3 (13.6) 22 (50.0)
 No 19 (86.4) 22 (50.0)

Values are presented as number (%).
UBE, unilateral biportal endoscopic; PPI, proton pump inhibitor; NSAID, 
nonsteroidal anti-inflammatory drug.
The Mann-Whitney U-test was used.
*p<0.05 statistically significant differences.

Figure 6. Anteroposterior view of a lumbar radiograph (A) and 
3-dimensional spine computed tomography reconstruction (B).
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microscopic group, and it did not cause restenosis in the UBE 

group. Despite these various limitations, this is the first com-

parative study about bone healing between air-based micro-

scopic and water-based UBE discectomy. 

CONCLUSION 

Both UBE and microscopic lumbar discectomy techniques 

are effective for treating patients with lumbar disc herniation. 

However, compared with the microscopic group, the UBE 

group had greater bone healing and recovery ratio, lower re-

maining laminectomy area and advantages in hospital LOS, 

and EBL. In addition, primary laminectomy area, bone healing 

area by F/U period, and clinical outcomes were not signifi-

cantly different between the 2 groups. Thus, UBE discectomy is 

more likely to preserve the normal structure than is microscop-

ic lumbar discectomy. 
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Objective: To describe the presentation spectrum of postoperative spondylodiscitis (POSe) fol-
lowing transforaminal endoscopic lumbar discectomy and to report the outcomes of transfo-
raminal lumbar interbody fusion (TLIF). 
Methods: This study analyzed all patients with the classic features of POSe who underwent in-
dex surgery elsewhere and presented to us. They had not responded to conservative care for 3 
weeks and were operated further with open TLIF. The treatment response was judged by the de-
clining values of inflammatory markers, improvements in mobility, and decreases in pain. Pa-
tients’ outcomes were analyzed using a visual analogue scale (VAS), the Oswestry Disability In-
dex (ODI), and the occurrence of complications. Radiological outcomes were assessed by fusion 
and implant stability. The spectrum of the demographic presentation was analyzed. PubMed 
was searched to find the incidence of POSe and the spectrum of organisms involved. 
Results: Fifteen patients were operated primarily by interventionalists and four by surgeons 
among 19 POSe patients who finally underwent TLIF at Stavya Spine Hospital & Research Insti-
tute. Organism culture positivity was found in 10 and no culture results were present in 9 cases. 
All TLIF cases had a follow-up of 52.94±13.66 months (range, 28–71 months). The preoperative 
back pain VAS improved from 9.47±0.61 (8–10) to 0.42±0.50 (0–1). The leg pain VAS improved 
from 5.78±4.19 (6–10) to 0.52±0.61 (0–1). The preoperative ODI improved from 87.01±7.70 
(73.33–97.79) to 7.36±8.14 (0–26.67). No major complications occurred. Cure of infection and 
stable reconstruction with fusion were achieved in all patients. 
Conclusion: POSe has a very low reported incidence. Standardization of training and steriliza-
tion would further reduce its incidence. However, aggressive early TLIF in patients with nonre-
sponding POSe produces beneficial results. 

Key Words: Transforaminal lumbar interbody fusion, Lumbar vertebrae, Endoscopy, Diskectomy, 
Spondylodiscitis  
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INTRODUCTION 

Transforaminal endoscopy lumbar surgery (TELD) is a full 

endoscopic spine surgery (FESS) and is challenging standard 

of care for lumbar disc herniation (LDH) and other advanced 

indications. It has distinct advantages and fewer complication 
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rates as compared to other techniques [1-5]. The benefits of 

TELD are related to local anesthesia and negligible manipu-

lation of compromised neural tissues. Less trauma, reduced 

bleeding, quicker pain reduction, negligible scar, faster job 

resumption, day care surgery, rapid recovery, and decreased 

morbidity [6,7]. Immediate surgery if required without lengthy 

preanesthetic preparations can be done in cauda equina syn-

drome and elderly patients with comorbidities [8-11]. Though, 

the now-evolved epidural target and objectified decompression 

and outcomes brings with it a longer learning curve for spine 

surgical practitioners [12]. Postoperative spondylodiscitis (POS) 

is a dreaded infective complication which can occur after open 

(OD) or micro lumbar discectomy (MLD), leading to disabling 

pain, instability, with or without serious neurological affection 

needing protracted conservative treatment. Nonresponsive cas-

es mandate operative treatment. Though different treatments 

have been discussed and reported extensively, unpredictability 

has not been solved [13,14]. POS following transforaminal en-

doscopic lumbar discectomy (POSe) is also reported. Increased 

TELD procedures also has led to the simultaneous rise of POSe 

complications [15-17]. It responds to conservative approach if 

recognized early. But if a phase where mechanical instability 

ensues with destruction then it will lead to delayed conserva-

tive recovery and may necessitate fusion surgery for better out-

come [18-22]. Transforaminal lumbar interbody fusion (TLIF) 

in POS has good outcomes in the reported literature [22-24]. 

This study is primarily a retrospective study to report the clini-

cal efficacy of TLIF in POSe. Secondarily, it was undertaken to 

report the presentation spectrum of POSe. 

MATERIALS AND METHODS 

This retrospective study was approved by the Stavya Spine 

Hospital & Research Institute Institutional Ethic Com-

mittee and registered on CTRI (Clinical Trial Registry In-

dia/2019/08/020560). From April 2014 to 2019 a total of 19 pa-

tients received treatment at our institute for POSe. Patients who 

were operated elsewhere by TELD and had presented to us 

with POSe and were then operated by us for TLIF were includ-

ed. All had symptoms of fever and back pain with or without leg 

pain or motor deficit. Confirmed clinicoradiologically (radio-

graphs/magnetic resonance imaging [MRI]) diagnosed POSe, 

not responding to conservative management within 3 weeks 

were operated by TLIF. Informed consent was obtained from all 

the patients before surgery. Identified patients were reviewed 

for demographics that included age, sex, body mass index, 

days of symptom before the index surgery, onset of symptoms 

of POSe following index surgery (days), VAS back pain, VAS leg 

pain, and neurologic symptoms. Motor weakness was recorded 

using the Medical Research Council grading scale from 0 to 5. 

A score of less than 3 was considered as motor weakness and 

greater than 3 was recovered. C-reactive protein (CRP) and 

erythrocyte sedimentation rate (ESR) tests reports were noted. 

The operator, whether an index orthopedic/neurosurgeon or 

interventionist (interventional radiologist/pain practitioner/

interventional physician/anesthesiologist) was also noted and 

analyzed. All patients were operated for TLIF under general 

anesthesia in a prone position and with midline exposure. 

Locally harvested posterior spinal element bone grafts and 

an interbody titanium banana cage were used in the TLIF 

procedure. In the case of the suspected aggressive organism, a 

tricortical facet bone graft was used as strut support instead of 

a cage. Free hand pedicle screws were inserted. The tissue/pus 

removed was sent for microbiological culture and sensitivity 

along with histopathological examination. Sterile preservative 

formalinised container for histopathological tissue and BAC-

TEC culture system bottles for culture was used for aerobes, 

anaerobes, yeast, fungi, and mycobacteria. Specimen was not 

allowed to dry out. It was submitted wrapped in a sterile saline 

moistened (damp) nonadherent material. Transport and stor-

age done at ambient room temperature. Appropriate antibiotic 

treatment was given as per the culture sensitivity report in the 

postoperative period for 8 weeks as suggested by the infection 

specialist. In patients with negative Gram stain and culture 

results, the treatment with an antimicrobial regimen with ac-

tivity against the common causes of vertebral osteomyelitis, 

including staphylococci, streptococci, and gram-negative 

bacilli was ensured. An appropriate empiric regimen consist-

ed of vancomycin plus one of the following: cefotaxime (2 g 

intravenous [IV] every 6 hours), ceftazidime (1 to 2 g IV every 

8 to 12 hours), ceftriaxone (2 g IV daily), cefepime (2 g IV every 

12 hours), or ciprofloxacin (400 mg IV every 12 hours or 500 to 

750 mg orally twice daily). Anaerobes are uncommon patho-

gens in patients with vertebral osteomyelitis, and we do not 

routinely add anaerobic coverage to initial empirical therapy. 

Such coverage was warranted if clinical features suggest that 

the infection may be due to anaerobic organisms (such as in 

the setting of a concomitant intra-abdominal abscess) or if the 

Gram stain is positive but aerobic cultures are negative. In such 

cases, metronidazole (500 mg IV every 6 hours) may be added 

to the above regimen. Calcium and Vitamin D3 were given to 

all the patients. Postoperatively, all patients were mobilized as 

per their tolerance and advised to undertake physiotherapy. 

Those patients with suboptimal screw hold were braced with 
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a lumbosacral corset for 3 months. The response to antibiotic 

therapy was judged by the declining values of inflammatory 

markers (CRP) and with an improving mobility/decreasing 

pain. Cultured organisms and histopathological reports of bi-

opsy material were noted. Operating room time from incision 

to closure minutes was noted in minutes. Estimated blood loss 

(EBL), length of hospital stay (LOH) Oswestry Disability Index 

(ODI) score (preoperative to the index TELD surgery, preop-

erative to TLIF surgery, 6 weeks, 2 years at final follow-up) was 

used to quantify functional clinical outcome. For the ODI a 

change of minimum clinical interpretable difference of 11% 

was considered a significant improvement [25]. A patient satis-

faction index was used as a self-assessment tool to determine 

the overall satisfaction outcome [26]. Clinical and radiological 

results were assessed at 6 weeks, 3 months, and 6 months and 

yearly afterwards. A follow-up period of minimum 2 years 

was considered for inclusion in outcome calculation. The 

final radiological outcome was accepted as stable and fused 

if no periscrew loosening/ broken implant was present, and 

the stabilized segment showed the static position of cage with 

appreciable intercorporeal bone formation [27]. This was as-

sessed on static and dynamic radiographs. The resumption of 

basic activities of daily living (ADL) with in house activities (in 

days) after the TLIF and resumption of previous activity/job 

(in months) were analyzed. Complications, if any were noted 

and managed accordingly. Failure to respond to treatment 

was considered a complete failure. All patients were reviewed 

regarding the time between onset and TLIF surgery, and the 

length of follow-up (months). 

1. Literature Search Strategy 

The publications covering the range of bacterial presentation 

in POSe were chosen using the PubMed search database. The 

terms "percutaneous," "transforaminal," "lumbar," "endoscop-

ic," and "discectomy" were used in our search. Transforaminal, 

secondary spondylodiscitis, biopsy, and descriptions of culture 

organisms were the inclusion criteria for papers. 

2. Statistics 

Patient demographics and characteristic categorical vari-

ables were analyzed, and the mean±standard deviation (mini-

mum– maximum) for all applicable variables were calculated. 

Statistical analysis was performed with IBM SPSS Statistics ver. 

20.0 (IBM Co., Armonk, NY, USA) 

RESULTS 

All 19 patients were operated with TELD as the first index 

surgery before presenting to our institute. There were 11 female 

patients (57.89%) and 8 male patients (42.10%) (the average 

age was 44.36±11.11 years). Patients’ demographic features are 

listed and summarized in Table 1. The average duration of the 

onset of POS symptoms was 24.42 days after the index surgery. 

All patients had persistent back pain; the most common level 

of the lesion in our study was L4–5 (n=10). It was noted that 

Table 1. Demographic features of patients 

Variable Value
Age (yr) 44.36±11.11 (27–63)
Sex
 Female 11 (57.89)
 Male 8 (42.10)
BMI (kg/m2) 28.3±3.19 (21.6–33.9)
Weight (kg) 75±10.00 (64–98)
Height 162.2±10.1 (144–180)
Comorbidities
 HTN 2 (10.52)
 DM 2 (10.52)
 Steroid 2 (10.52)
 CAD 5 (26.31)
 IHD 2 (10.52)
 THY 4 (21.05)
 RA 2 (10.52)
 TB 1 (5.26)
Days of symptoms before index surgery 23.94±20.90 (1–75)
Type of pain
 LBP 3 (15.78)
 RLP 16 (84.21)
First surgery done by
 Interventionist 15 (78.94)
 Surgeon 4 (21.05)
Previous spine surgery, TELD 19 (100)
Pain increased after the first surgery (day) 6.47±2.22 (3–10)
Duration of symptoms on presentation to us (day) 24.42±6.41 (15–40)
Fever positive patients 19 (100)
CRP 72.52±57.29
ESR 47.36±20.42
Levels affected
 L4–5 10 (52.63)
 L5–S1 6 (31.57)
 L1–2 1 (5.26)
 L2–3 1 (5.26)
 L3–4 1 (5.26)

Values are presented as mean±standard deviation (range) or number (%). 
BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; CAD, 
coronary artery disease; IHD, ischemic heart disease; THY, hypothyroid-
ism; RA, rheumatoid arthritis; TB, tuberculosis; LBP, low back pain, RLP, 
radicular leg pain; TELD, transforaminal endoscopy lumbar discectomy; 
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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in the patients presenting to us after index TELD surgery. A 

biopsy was not undertaken before giving antibiotics in 15 pa-

tients, and all of those were operated by interventionist. Four 

cases who were operated by surgeons had biopsy and targeted 

treatment but did not respond. In the index surgery, 8 patients 

were operated within 10 days of the onset of symptoms. Out of 

these, 9 patients were operated on by interventionist and one 

by surgeon. At our center, all 19 patients were operated with 

open TLIF, and followed-up to 52.94±13.66 months. The mean 

duration of the operation was 69.47±17.39 minutes. Bone graft 

alone was used in 5 patients, and 14 cases were added with an 

interbody cage. There was 6 gram-positive and 4 gram-negative 

bacteria and 9 patients with no organism growth (Table 2). The 

surgical variables are tabulated (Table 3). The preoperative VAS 

for leg pain was 5.78±4.19 (6–10), which improved to 0.84±0.60 

Table 2. Culture results in patients with their frequency (n=19) 

Bacteria No. (%)
Burkholderia cepacia: Nontuberculous mycobacteria 1 (5.26)
Klebsiella pneumoniae 1 (5.26)
MRSA: Methicillin-resistant Staphylococcus aureus 2 (10.52)
MSSA: Methicillin-susceptible Staphylococcus aureus 2 (10.52)
Mycobacterium tuberculous 1 (5.26)
Salmonella 1 (5.26)
Pseudomonas aeruginosa 1 (5.26)
Stenotrophomonas maltophilia 1 (5.26)
No organism in culture yield 9 (47.36)

Table 3. Surgical variables, satisfaction outcome variables, and 
complications 

Variable Value
Second surgery technique
 Single-level open TLIF 19 (100)
Operative time (min) 69.47±17.39 (44–110)
Estimated blood loss (mL) 203.42±21.82 (180–235)
Biopsy histopathology
 Discitis 8 (42.10)
 Granulation 2 (10.52)
 Nonspecific inflammation 9 (47.36)
Intraoperative macropathologic view
 Granulation (gray/pink) 2 (10.52)
 Loose dry disc like tissue 9 (47.36)
 Pus 8 (42.10)
Cage/bone graft
 Bone graft 3 (15.78)
 Cage 16 (84.21)
Length of hospital stay (day) 5.10±0.65 (4–7)
Complications
 Dural tear 2 (10.52)
 Sinus 1 (5.26)

Values are presented as number (%) or mean±standard deviation (range).
TLIF, transforaminal lumbar interbody fusion.

Figure 1. Bar graph representing the preoperative and postoperative scores. VAS, visual analogue scale; ODI, Oswestry Disability 
Index.
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(0–2) at 2 weeks, then 0.94±0.62 (0–2) at 6 weeks and 0.52±0.61 

(0–2) at final follow-up. The preoperative VAS for back pain was 

9.47±0.61 (9– 10) which improved to 1.47±1.02 (1–4) at 2 weeks 

then 0.31±0.47 (0–1) at 6 weeks and 0.42±0.50 (0–1) at final 
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Table 4. Postoperative functional outcome scores

Variable Mean±SD (range)
Follow-up (mo) 52.94±13.66 (28.00–71.00)
Preoperative ODI 87.01±7.70 (73.33–97.78)
Final follow-up 7.36±8.14 (0–26.67)
Resumption of basic ADL (day) 9.42±1.42 (7.00–12.00)
Resumption of job ADL (mo) 2.6±0.47 (2.00–3.00)
Patient Satisfaction Index 1.10±0.35 (1.00–2.00)

SD, standard deviation; ODI, Oswestry Disability Index: ADL, activities of 
daily living.

Figure 2. (A) T2-weighted sagittal magnetic resonance imaging (MRI) of a female patient with an annular bulge at L4–5. Trans-
foraminal endoscopy in the index surgery. (B–D) T2-weighted sagittal, T1-weighted sagittal, and T2-weighted axial MRI showing 
an endoscopic view at 3 weeks postoperatively of spondylodiscitis with end plate changes, collapsing disc space, vertebral body 
edema and wet facets. (E) Surprisingly, the radiograph showed lytic at the L5 level, and the patient underwent surgery primarily 
without a dynamic radiograph by the interventionalist physician.

Figure 3. (A, B) Anteroposterior and lateral radiograph of the patient in Figure 1, who then underwent transforaminal lumbar in-
terbody fusion with bone grafting and culture-specific antibiotic treatment. (C, D) One-year anteroposterior and lateral radiograph 
showing uniting healing at L4–5. (E, F) Five-year follow-up anteroposterior and lateral radiographs, showing consolidated stable 
reconstruction with nonprogressive L5 lytic. The clinical result was excellent with occasional back pain due to lytic.

follow-up (VAS score bar diagram Figure 1). The preoperative 

ODI score was 87.01±7.70 (73.33–97.78) which improved to 

7.36±8.14 (0–26.67) at final follow-up. The functional outcome 

is tabulated (Table 4) (Figure 2,3). The CRP was monitored for 

progressive reduction and normalization at 8 to 10 weeks in all 

the patients. In our cases all the culture-specific treated (n=10) 

and empirical treated (n=9), responded (100% infection cure). 

None needed a change of regimens and neither of the empiri-

cal cases warranted anaerobic treatment. The final radiological 

outcome was fusion with no screw loosening/broken implant, 

the stabilized segment showed the static position of cage with 

appreciable intercorporeal bone formation as assessed on 

static and dynamic radiographs. Three minor complications 

occurred. An incidental dural tear in 2 patients, which healed 

spontaneously. This was assessed on static and dynamic ra-

diographs (100% fusion). A PubMed search of database results 

displayed 259 studies, out of which 5 were included. 

AA

AA BB CC DD EE FF

BB CC DD EE
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Table 5. Published literature on POSe 

Sr. No. Study Specialist
No. of total 

patients/POSe 
patients

Organism Responded to 
management Brace Bedrest Follow-up Outcome

1 Ahn and Lee 
[17]

Neurosurgeon 9,821/12 Escherichia coli (1), Pseudo-
monas putida (2), Pseudo-
monas aeruginosa (4), Esch-
erichia cloacae (2), Staphy-
lococcus epidermidis (1), co-
agulase-negative Staphylo-
coccus (2), no growth (2)

(a) Antibiotic 
only (n=4)

(b) SD (n=2)
(c) ALIF (n=6)

NC NC NC The mean ODI 
improved from 
60.4%±19.4%

to 29.3%±15.4%.

2 Kim [31] Neurosurgeon NC/1 Escherichia coli ALIF NC NC NC NC
3 Sharma et al. 

[32]
Spine surgeon 116/2 Staphylococcus aureus (a) Antibiotics 

only (n=1)
+ +4 Weeks 3 Months NC

(b) SD (n=2)
4 Choi et al. [33] Neurosurgeon 7,184/9 Pseudomonas (2), Acineto-

bacter (1), Escherichia coli 
(1), Enterobacter (1), coagu-
lase-negative Staphylococ-
cus (1), no growth (1), no 
culture (2)

(a) Antibiotic 
only n=4 
(12.8 weeks)

NC NC NC NC

(b) SD (n=1)
(c) ALIF (n=4)

5 Yörükoğlu  
et al. [34]

Neurosurgeon 835/1 Pseudomonas aeruginosa SD NC NC NC NC

POSe, postoperative spondylodiscitis; NC, not classified; ODI, Oswestry disability Index; ALIF, anterior lumbar interbody fusion; SD, surgical debridement.

DISCUSSION 

The total reported incidence of postoperative spinal infection 

varies from 0.7%–16% while POS incidence in MLD/OD is re-

ported as 0%–3.7% [28-30]. POSe following FESS TELD is a rare 

complication. The reported POSe incidence in the method-

ological literature search we did as part of our study shows that 

it is very less and reported to be from 0.12% to 1.72% [18,31-

34]. Infection can spread by hematogenous spread or by other 

inflammatory causes in immunocompromised patients [35-

38]. Comorbid elderly, immunosuppression, renal failure, and 

diabetes mellitus are some of the risk factors that cannot be 

changed in POS pathogenesis, but obesity, smoking, invasive 

catheter, and prolonged hospital timing are the ones that can 

be changed [38-40]. Thorough, improved irrigation mixed with 

saline, and antibiotics in TELD leads to reduced POSe [10,17]. 

Diagnosis can get delayed or difficult in early presentation, and 

a high index of suspicion is needed [37]. Diagnosing discitis in 

the postoperative spine is more challenging than detecting a 

primary spondylodiscitis [41]. MRI is reliable in early diagnosis 

of POSe though with many caveats [42,43]. 

Persistent severe back pain is present in most cases of POS 

[21]. Clinical features of POSe are like primary POS. Back pain 

and fever are usually predominant. Neurological deficits, and 

sphincter loss occurs occasionally. Pain is more at night rather 

than daytime. Physical examination shows localized spinal ten-

derness, muscle spasms, and limitations of spinal movements 

[18,40,44]. Elevation in the ESR and CRP are routine markers 

of spine infection. CRP is proven to be superior to ESR as it is 

reported that the reaction time of CRP is lesser than ESR [30,45]. 

The diagnosis of POS is often complex as its management, but it 

should be diagnosed on the accurate judgment of the surgeon/

clinician [46]. All our patients had classic POS features (100%).

The organisms found in POS after open surgery are mainly but 

not limited to; gram-positive aerobic cocci: Staphylococcus au-

reus, Streptococcus pyogenes, Coagulase-negative staphylococ-

ci, Other streptococci, Enterococcus spp; gram-negative aerobic 

bacilli: Escherichia coli, Proteus spp, Pseudomonas aeruginosa, 

Klebsiella pneumonia, Enterobacter spp, Salmonella spp, Ser-

ratia marcescens; Anaerobic bacteria: Propionibacterium spp, 

Bacteroides fragilis, Pepto streptococcus spp [41,47,48]. There 

are few reports of published literature on POSe which mentions 

about the organism and are tabulated (Table 5) [17,31-34]. In 

most of the studies of TELD the type of organism was not re-

ported in the literature [35,49,50]. In our series Mycobacterium 

tuberculosis (MTB) was present in 1 case. Three cases of POS 

due to MTB are reported in English literature [51-53]. It was 

noted that the cases of MTB culture-positive cases in our series 

were operated at rural centers for the index LDH surgery, based 

on poor quality MRI images of 0.5 Tesla machines. This was 

carried out within 10 days of the presentation without probably 

adequate conservative trial. In high probability, it can be spec-

ulated that it may be an early presenting tuberculous infection 

itself, which was not picked up by the MRI radiologist and op-

erating interventionist. In our study also we found no different 

organism than the organisms in POSe reported in literature 
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(Table 2) and regular POS. 

Nosocomial seeding can be due to a lack of care in the steril-

ity of the instruments and direct contamination of instruments 

[17,33]. Wrong placement of the needle or accidental bowel 

penetration with a steep angle and organism introduction 

while repositioning to disc target is a causal suggested by Ahn 

and Lee [17]. Direct skin contamination as the needle advanc-

es is a possibility. Rigid endoscopes are heat sensitive. Hence, 

the instrument cannot withstand the temperature. Therefore, 

using Ethylene oxide is the best method for the sterilization of 

rigid endoscopes [54]. Being more delicate instruments, non-

autoclaving methods like cidex (glutaraldehyde) are frequently 

used [55]. Cidex is a solution that is effective in killing microor-

ganisms from the surface of instruments and has a broad-spec-

trum antimicrobial activity and is reliable for killing vegetative 

bacteria, fungi, and viruses [56]. Before sterilizing the endo-

scopes, the endoscopes should be first dismantled, precleaned 

with disinfectant, and then dried [57]. There are guidelines 

suggested for optimizing endoscope reprocessing to achieve 

optimal outcomes [58,59]. Exposure to surgical draping, longer 

operation time, and continuous in-out movement of the en-

doscopes/image intensifier has also been held responsible for 

POSe [17,33]. Other causes may include frequent and multitude 

of instruments, external draping help from non-scrubbed assis-

tants, irrigation contamination, and surgical glove perforation 

[17,33,44]. 

Biopsy and culture should be done before empirical treat-

ment in POS, and positive result for the organism is obtained in 

75%–80% of patients. The false negative culture can be present 

due to exposure to the antibiotics prior to biopsy. But biopsies 

performed after the antibiotics exposure shows positive result 

in only 50% of patients [40]. This was noted in our series also 

with nearly 47.37% (n=9) culture negativity. In cases of empir-

ical treatment in these 9 cases also the outcome of infection 

cure was achieved. In a case of community acquired infection 

where culture sensitivity has not grown any organism, it is 

presumed to have common gram-positive and gram-negative 

organisms other than Methicillin-resistant Staphylococcus 

aureus. To cover these group of organisms, board spectrum 

2nd and 3rd generation cephalosporins are good empirical 

choice to treat such community acquired infections in general 

[60]. Computed tomogrpahy-guided biopsy or trocar biopsy is 

commonly done [47,61,62]. Biopsy along with TELD itself as a 

management of lumbar infectious primary spondylodiscitis, is 

an effective treatment method in early cases (76%), and provide 

higher bacterial diagnostic efficacy (90%) [47]. 

POS is treated primarily with immobilization and a combina-

tion of antibiotics from 4 weeks to 24 weeks [61-65]. The time-

line and best technique for treating POSe are still up for debate. 

The treatment plan for POS should be decided based on wheth-

er it’s early or late POS. A literature review by Rutges et al. [66] 

compares the conservative and surgical techniques for treating 

spondylodiscitis. The author reports that the antibiotic therapy 

is safe and effective in the early period of the infection when the 

antibiotics are given based on the targeted causative organism. 

Though, by giving the antibiotic therapy, an additional surgery 

was still required in 25%–55% of the reported cases of POS. 

The failure rate in the surgical outcome of POS was reported 

to be 2%–5% [66]. Surgical options for patients with POSe can 

vary from re-TELD debridement to fusion. TELD irrigation can 

provide immediate pain relief and a good outcome for patients 

with POS [6,36,47,67]. A key point should be noted that if the 

patient does not respond well to the antibiotic therapy in the 

early period, the surgeon should go for the surgical intervention 

because in the late period, the infection will affect the mechan-

ical stability of the disc [17-18,33]. Mechanical dysfunction is in 

all probability the point of no return in the conservative care of 

POS. Patients’ disability may last well over few months before 

the natural history of spontaneous healing can be achieved [68]. 

In POSe or any POS, surgeons may have a less threshold for re-

surgery in a patient operated at another institute. An approach 

with more patience in their own operated patients is a possi-

bility and they may strikingly continue protracted conservative 

care. In all the POSe patients (n=19), TLIF was operated by us 

but, they all were other institute operated index TELD surgery. 

We took the call for active intervention in the presented pa-

tients at an average of 24.42 duration days. All the patients were 

in a higher order of disability (ODI, 87.10; back pain VAS, 9.4). 

But strikingly no biopsy was previously done in the patients 

presented to us by the primary physician, again showing up 

the unrecommended empirical therapy approach which may 

not work. The recent consensus paper developed by a working 

group of the American Society of Pain and Neurosciences has 

commented that many of the procedures made for spine sur-

geons are becoming more facile after getting into the hands of 

interventionist [69]. Complications such as colitis, renal failure, 

and allergic reactions can also occur due to empirical antibiot-

ics side-effects and antimicrobial resistance is another looming 

problem [70,71]. In our study, TLIF was done in all patients as 

it achieves a single-stage fusion through only a posterior ap-

proach. Recently, multiple retrospective studies have reported 

greater improvement in sagittal alignment with instrumenta-

tions [72]. TLIF technique may be the best familiar pathway to 

achieve complete debridement, access the disc space, remove 
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an avascular disc, achieve circumferential fusion, and avoid the 

unfamiliar anterior approach [21,23,73-76]. In our series of 19 

patients, we achieved reasonable mean operative time, EBL, 

less LOH, fewer complication rates, and quick improved back 

pain VAS (Tables 3, 4). The cured infection, fusion segment 

(100%), and improved ODI at average final follow-up of 52.94 

months, proves TLIF to be a very reasonable approach for the 

management of POSe (Figure 1). 

None of the studies in POS mention the resumption of basic 

ADL or going back job timeline [39,62,63,77,78]. Resump-

tion to basic activities and job was assessed in our study and 

reasonable early return were noted in all patients. Patients 

with disc space infection progress to spontaneous interbody 

fusion within a period of 6 to 12 months [61,66]. The conser-

vative treatment should be given for not more than 3–4 weeks 

because delaying the ambulation and productivity can have 

long-lasting impact on the patient in various forms of disability, 

and psychological dysfunction as a burden of cost. Multiple 

studies from the literature have supported the aggressive sur-

gical approach in managing these patients [22,24,65]. Earlier in 

orthopedics and spine, the use of implants in the presence of 

infection was greatly feared. However, there is now abundant 

literature that supports the safe utilization of implants even in 

the presence of infection. [79-81]. 

FESS needs standards of endoscope reprocessing and surgi-

cal re-training to be followed stringently [56,67]. That is why its 

suggested for all surgeons and pain interventionists to follow 

the same standards. To maximize the relevance of this study to 

the general spine surgical practice the author recommends, an 

approach of repeat TELD in early weeks of POSe with biopsy 

specific antibiotic treatment. In failure to respond by relief in 

pain and infection markers in a further fortnight, especially if a 

mechanical pain has set in, then a decision of fusion should not 

be delayed. Early inappropriate action, inaction, not offering 

indicated surgery, implicit bias, subjective decision making 

rather than objectivity, all will pave the way for Artificial intelli-

gence in near future [82]. 

There are many limitations to this study. It can be argued that 

the study was conducted in a surgical population with the very 

small numbers in this study. True incidence of POSe cannot 

be calculated. But equally or bigger number of patients may 

be getting better at the hands of other surgeons and interven-

tionist with primary or secondary POS surgeries or with even 

empirical treatments. This study did not examine the details 

of antibiotic treatments, neither given empirically, nor the 

ones given after the fusion. This was not a complete vertical 

study. The details of the index surgery diagnosis, images and 

the indications for surgery were not assessed as it was not the 

focus of the study. But it was noted that one patient with lytic 

spondylolisthesis was operated on by TELD by interventionist, 

again pointing to deficiencies of training and interpretation of 

images (Figure 2, 3). In our series, the index surgery of TELD in 

8 patients were operated within 10 days of onset of symptoms. 

Out of these, 9 patients were operated on by interventionist and 

one by surgeon. This again points towards non-standardized 

practice, and under attempted duration of conservative trial.  

CONCLUSION 

With the use of increasing TELD by surgeons and interven-

tionist in clinical practice, there is also an increase in related 

complications though very less like POSe. It needs biop-

sy-based specific treatment. In nonresponsive cases, TLIF exe-

cuted timely can reduce the ordeal of long sufferings. 
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INTRODUCTION 

Biportal endoscopic spine surgery is rapidly gaining its 

popularity among spine surgeons all around the world and ex-

panding its application to various spinal pathologies [1]. In the 

early days, relatively easy and common lumbar decompressive 

surgery and discectomy were mostly performed, but with the 
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experience of spine surgeons and technical advancements, it is 

being applied to more challenging and technically demanding 

cases, such as cervical and thoracic spine diseases [1-3]. How-

ever, the safety and efficacy of biportal endoscopic spine sur-

gery in the cervical spine have not yet been fully investigated, 

and careless attempts by inexperienced and unprepared spine 

surgeons can cause catastrophic complications. According 
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to our experience, biportal endoscopic cervical spine surgery 

(BECSS) was not easy at first, even for experienced spine sur-

geons. It was difficult to determine the exact anatomical ori-

entation and location and achieve complete epidural bleeding 

control during surgery. 

The aim of this study is to evaluate complications of BECSS 

via available literature reviews and retrospective analysis of our 

case series. Additionally, the authors aim to identify tips for 

preventing complications by reviewing literature. 

MATERIALS AND METHODS 

1. Literature Search 

Electronic retrieval of articles from PubMed, Embase, Web of 

Science, Scopus, and EBSCO was performed to identify scien-

tific studies on BECSS. A full-text search of all studies was per-

formed using the following string: “biportal endoscopic cervi-

cal spine surgery.” In addition, all reference lists of the included 

studies were reviewed to identify potentially relevant articles. 

2. Inclusion and Exclusion Criteria of Literatures 

The inclusion criteria for this study were as follows: ran-

domized or nonrandomized controlled and case series design, 

surgical intervention with BECSS, and detailed reporting of 

complications and/or reoperation. The exclusion criteria were 

as follows: simple review articles without mentioning specific 

complications and simple case reports. If several articles were 

identified from the same institution, the most recent one was 

included, and the remaining were excluded. 

3. Our Case Series 

A total of 45 patients underwent BECSS in our institute. 

With approval from the Institutional Review Board of Yeoui-

do St. Mary’s Hospital, the clinical data of these patients were 

collected (SC23RISI0042). 

4. Data Extraction 

The following data were extracted in selected literatures and 

our cases: (1) demographic features of patients; (2) surgery 

type; (3) surgical level; (4) surgery-related complications; (5) 

reoperations and their reasons. 

RESULTS 

1. Literature Search Results 

According to the search criteria, a total of 67 studies were 

retrieved from 5 databases. After removing duplicates, 35 du-

plicate studies were excluded. Of the remaining 32 studies, 17 

were excluded after the initial title and abstract screening. The 

full texts of the remaining 15 articles were evaluated in detail, 

and 9 articles were excluded according to the exclusion criteria. 

Finally, 6 articles related to complications of BECSS were in-

cluded in this study. All studies were the retrospective studies, 

and there was no randomized controlled or prospective study. 

2. Clinical Data 

A total of 227 cases of BECSS were identified in 6 articles. 

Among them, laminectomy for cord decompression was 

performed in 19 cases and foraminotomy for nerve root de-

compression was performed in 208 cases. In 157 cases, dis-

cectomy was performed during foraminotomy. In our series, 

laminectomy for cord decompression was performed in a case, 

and foraminotomy was performed in the remaining 44 cases. 

Among the patients who underwent foraminotomy, 21 cases 

underwent discectomy. The demographic data of the patients 

are summarized in Table 1. 

3. Complications 

Among 272 cases of BECSS in previous articles and our cases, 

16 complications were reported, thus the overall complication 

rate was 5.9%. The types of complications reported in previous 

articles and our cases were dura tearing, symptom recurrence, 

incomplete decompression, postoperative epidural hematoma, 

and transient paralysis. As a result, reoperation was performed 

in 3 cases due to incomplete decompression, symptom recur-

rence and symptomatic postoperative epidural hematoma (Ta-

ble 2). 

DISCUSSION 

Currently, when searching the literature, BECSS is performed 

only with a posterior approach and decompression [3-8]. Sim-

ilar minimally invasive techniques included the microscopic 

surgery and the full-endoscopic surgery [6,9,10]. Complications 

of these surgical techniques are well known via previous arti-

https://doi.org/10.21182/jmisst.2023.00808S52

Sanghun Park, et al.    Cervical UBE Complication



cles. Wu et al. [9] reported a complication rate of 0%–18.2% in 

the full-endoscopic surgery, and reported complication types 

such as dural tear, transient root palsy, and wound infection. In 

another article, reported complications included paresthesia, 

transient motor weakness, palsy, superficial wound infection, 

postoperative hematoma, and dura tear. And, the complication 

rate of full-endoscopic surgery was reported to be lower than 

that of anterior cervical discectomy and fusion [11]. Even in 

minimally invasive microscopic surgery, a complication rate 

of 0%–14.3% has been reported, and types of complications 

were reported as symptom recurrence, paresthesia, and wound 

infection [10]. Compared with other surgical techniques, the 

overall complications of BECSS are thought to be similar. Kim 

et al. [6] directly compared these 3 techniques, and reported 

that there was no significant difference in frequency or type of 

complications. 

There are several causes of neurological deficit such as 

hypesthesia, paresthesia or paralysis after the endoscopic spine 

surgery. It may be a 'normal' postoperative change resulting 

from revascularization of decompressed nerves [12,13]. Howev-

er, these symptoms do not last very long. Therefore, reimaging 

is warranted if these symptoms persist for more than 72 hours 

[14]. There were some reports that these neurological deficits 

are related to thermal injury that occurred during surgery [9,15]. 

To prevent this, care must be taken during coagulation around 

the nerve [14]. In addition, direct contusion on the nerve during 

surgery can also cause these neurological deficits, so careful 

manipulation is always needed [14]. Unlike lumbar spine, there 

was a very rare case report in which paralysis occurred due to 

spinal cord injury during endoscopic cervical spine surgery [15]. 

If excessive force is used in the process of inserting a dilator 

or tubular retractor, shock can be caused between the lamina. 

Therefore, when inserting a dilator or tubular retractor, be sure 

to incise the fascia and perform blunt dissection so as not to 

apply excessive force [14]. 

To prevent incomplete decompression during foraminotomy, 

after sufficient drilling bone, the ligament flavum must be suffi-

ciently removed before disectomy [14]. Similar to other surgical 

techniques, dura tearing occurs often, but there is no clear way 

to prevent it [9,16]. In endoscopic spine surgery, dura tearing is 

usually a small punctate lesion, and it is recommended to use 

sealants such as fibrin glue [14,16,17]. On the other hand, large 

dura tearing that causes symptoms requires repairing dura, 

which usually requires a change into the open surgery [16,17]. 

However, since there were several technical reports on how to 

repair dura under the endoscopic environment, it would be 

necessary to apply it depending on the situation [16-18]. 

There is a lot of interest in long-term complications such as 

Table 1. Demographic data of patients in the included studies 

Reference No. Age (yr), 
mean±SD Sex, male:female Level (C3-4, C4-5, C5-6, 

C6-7, C7-T1, multiple) Surgical type Operation time (min), 
mean±SD (range)

Follow-up period 
(mo), mean±SD 

(range)
Kang et al. [5] 49 52.68±9.56 36:13 0-3-15-24-7-0 Foraminotomy 71.29±11.69 (N/A) N/A (over 12)
Zhu et al. [3] 19 65.2±7.7 13:6 0-3-6-6-0-4 Laminectomy 82.6±18.4 (N/A) 16.3±2.6 (N/A)
Jung and Kim [4] 109 54.5±9.2 84:25 4-12-41-45-7-0 Foraminotomy 45 (31–75) N/A (over 6)
Kim et al. [6] 30 52.3±12.0 21:9 0-3-16-27-4-0 Foraminotomy 83.7±11.1 (60–100) 11.7±6.4 (7–26)
Song and Lee [8] 7 59±12.1 3:4 0-0-1-4-0-2 Foraminotomy 101.42±49.3 (60–165) 6.42±2.99 (2–10)
Park et al. [7] 13 47.1 5:8 0-1-4-8-0-0 Foraminotomy N/A 14.8 (12–18)
Our cases 45 57.7±10.5 31:14 0-3-16-19-3-4 Mixed 88.11±33.9 (45–200) 25.5±15.1 (6–51)

SD, standard deviation; N/A, not accessible.

Table 2. Complications of biportal endoscopic cervical spine surgery 

Reference Overall Reoperation Dura tearing Recurrence Incomplete  
decompression EDH Transient paralysis

Kang et al. [5] 4 (8.2) 1 - - 2 2 -
Zhu et al. [3] 1 (5.3) 1 - - - 1 -
Jung and Kim [4] 1 (0.9) - - - - - 1
Kim et al. [6] 4 (13.3) 1 1 2 - - 1
Song and Lee [8] 1 (14.3) - 1 - - - -
Park et al. [7] 0 (0) - - - - - -
Our institution 5 (11.1) - 2 - - 1 2
Total 16 (5.9) 3 (1.1) 4 (1.5) 2 (0.7) 2 (0.7) 4 (1.5) 4 (1.5)

EDH, epidural hematoma.
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cervical kyphosis and segmental instability after cervical pos-

terior approach surgery [14,19]. However, nothing has been 

confirmed about BECSS. Therefore, it is thought that long-

term follow-up data will be needed in the future. Maintaining a 

facet joint of 50% or more, a well-known technique to prevent 

cervical spine instability, will be important in preventing such 

complication [14,20]. 

There are several limitations to this article. Following review 

only 6 studies were included that met inclusion/exclusion cri-

teria. And, relatively short follow-up time and small cohort size 

were additionally limited. In order to determine more accurate 

and specific complications of BECSS and to prevent them, con-

tinuously large and prospective research will be needed in the 

future. 

CONCLUSION 

Complications of BECSS did not show a significant difference 

compared to other surgical techniques. In order to prevent 

these complications as much as possible, extensive education 

and sharing of knowledge and experience will be required, as 

in other spinal surgeries. And, a lot of research by all endoscop-

ic spine surgeons will be needed to present good results to pa-

tients. 
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INTRODUCTION 

Anterior cervical discectomy and fusion (ACDF) surgery has 

been the standard treatment option for cervical spondylotic 

myelopathy and radiculopathy since 1958 [1]. Although out-
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Objective: Anterior cervical discectomy and fusion (ACDF) surgery is a standard treatment for 
cervical spondylotic myelopathy or radiculopathy. Although the outcomes of ACDF are quite 
satisfactory, recurrent radiculopathy due to restenosis or adjacent degeneration cannot be com-
pletely avoided. We applied posterior endoscopic cervical foraminotomy (PECF) as salvage sur-
gery after ACDF in 11 patients (16 levels). 
Methods: We performed PECF in 11 patients (16 levels) in the past 5 years for recurrent radicu-
lopathy after ACDF. The time until the development of recurrent radiculopathy ranged from 8 
months to 3 years. Before surgery, all patients were treated with adequate medication and re-
habilitation. The radiological tools used for the evaluation included x-ray examinations (with 
anteroposterior, lateral, flexion, extension, and bilateral oblique views), computed tomography, 
and magnetic resonance imaging of the cervical spine. 
Results: Only one of the 11 patients did not respond immediately; however, that patient showed 
gradual recovery after decompression surgery in the following 6 months. Another patient 
showed good sensory function recovery, but transient motor palsy for 2 weeks. Otherwise, all 
the other patients showed motor or sensory function recovery, without symptom deterioration. 
None of these patients presented instability or mechanical pain after surgery or required repeat 
anterior surgery during follow-up (8 to 20 months; mean, 12 months). 
Conclusion: PECF, a minimally invasive posterior cervical surgical procedure, is efficient and ef-
fective as salvage surgery for restenosis after ACDF. This procedure prevents scarring along the 
trajectory and the need for longer fusion. 

Key Words: Posterior endoscopic cervical foraminotomy, Radiculopathy, Anterior cervical dis-
cectomy and fusion  
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comes following ACDF are generally satisfactory, recurrent 

radiculopathy may occur due to factors such as pseudarthrosis, 

implant subsidence, hardware migration, or adjacent-segment 

disease [1,2]. Anterior revision surgery carries a high risk of 

complications. For patients with adjacent-segment disease, 
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the anterior approach carries the risk of revision surgery and 

requires an extension of fusion levels [3]. Posterior endoscopic 

cervical foraminotomy (PECF) is an alternative strategy for 

cervical radiculopathy that was first used in 2000 [4,5]. PECF 

provides similar outcomes as ACDF. Furthermore, a posterior 

approach allows the surgeon to avoid scarring, tricky anatom-

ical regions caused by prior surgeries, and the need to extend 

fusion levels for patients with adjacent-segment disease. In this 

clinical study, we applied PECF as salvage surgery for 11 pa-

tients with recurrent radiculopathy after ACDF (16 levels). This 

case series reviewed the efficacy and advantages of PECF as a 

treatment option for recurrent radiculopathy following ACDF. 

MATERIALS AND METHODS 

This is retrospective clinical study. Recurrent radiculopathy 

is defined as the alleviation of symptoms following the last 

ACDF procedure but with subsequent recurrence or new de-

velopment of radiculopathy after a period of at least 6 months 

without symptoms. We included both recurring similar symp-

toms (i.e., same location and level) and newly developed 

distinct symptoms (i.e., different location and level). Over the 

past 5 years, we performed PECF on 11 patients (16 levels) for 

recurrent radiculopathy after anterior discectomy and fusion or 

disc replacement surgery. Anterior surgery was performed by 

different doctors but PECF was performed by the same doctor 

at a single hospital. Patient demographics are listed in Table 1. 

Most patients had unilateral radiculopathy of a single level. 

1. Decision-Making Process 

For patients who have been experiencing intolerable radic-

ulopathy that has not responded to conservative treatments, 

such as medication and physical therapy for at least 3 months, 

we arranged imaging studies, including x-ray (with anteropos-

terior, lateral, flexion, extension, and bilateral oblique views), 

cervical spine computed tomography, and magnetic resonance 

imaging studies. Patients with a contributory lesion identified 

in their imaging were recommended to undergo decompres-

sion surgery. We offered both anterior fusion surgery and PECF 

for the selected patients. All patients chose PECF. We excluded 

patients who had radiological central stenosis or symptomatic 

myelopathy and those without contributory lesions identified in 

their imaging. The decision-making process is shown in Figure 1. 

2. Operation Procedure—PECF 

Patients were placed in the prone position under general an-

esthesia. After disinfection and draping, the point of entry (ipsi-

lateral to the operative target) was infiltrated with 2% lidocaine. 

A 1-cm incision was made after confirmation of the level by 

using C-arm fluorescence. A working cannula was introduced 

and reconfirmed by using fluoroscopy. After the working can-

nula was set in the desired position, we removed the remaining 

muscle and soft tissue for exposure of the medial part of the 

facet joint (V-point). An endoscopic 2-mm Kerrison punch and 

a high-speed diamond burr were used to perform partial lami-

nectomy and facetectomy to decompress the responsible root. 

We defined adequate decompression as pedicle-to-pedicle de-

compression. The key concept of decompression is exposure of 

the shoulder and axilla aspect of the responsible root. We took 

great care to ensure that the facetectomy was performed on 

less than 50% of the facet joint width to preserve stability. We 

opted not to perform discectomy in all cases because the neu-

Table 1. Demographics of collected patients 

Case No. Sex Age of recurrent  
symptom (yr) Previous surgery details Responsible level Detail of new  

level description
1 Female 68 ACDF C5–6 Index level Rt C5–6
2 Male 63 ACDF C3–4, C6–7 ASD (upper 1) Rt C5–6
3 Male - ACDF C3–4, C5–6–7 ASD Lt C4–5
4 Male 58 ACDF C4–5, C6–7 Index level Lt C4–5
5 Female 53 ACCF C6 corpectomy, C5–7 plate fixation Index level Lt C6–7
6 Male 43 ACDF C4–5 ASD (lower 2) Rt C6–7
7 Male 44 ACDF C4–5, PECF C6–7 ASD Rt C7–T1
8 Male 57 TDR and ACDF hybrid C4–5 TDR Index level Rt C5–6, C6–7

C5–6–7 ACDF Lt C6–7
9 Female 65 ACDF C5–6–7 Index level Lt C6–7
10 Male 63 ACDF C4–5–6–7 Index level BilC5–6, Lt C6–7
11 Male 68 ACDF C6–7 Index level Rt C6–7, C7–T1

ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; ASD, adjacent-segment degenerative disease; PECF, poste-
rior endoscopic cervical foraminotomy; TDR, total disc replacement; Rt, right side; Lt, left side.
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roforamen stenosis originated from the bony structure. Instead, 

we performed unroofing decompression surgery for all nerve 

roots. 

RESULTS 

We performed PECF on 11 patients (16 levels) between 2017 

and August 2022 for recurrent radiculopathy after ACDF or total 

disc replacement (Table 1). The follow-up period ranged from 8 

to 24 months. The time at which radiculopathy recurred ranged 

from 8 months to 3 years.  

Same level restenosis was present in 7 patients, affecting 12 

neuroforamens (2 cases involved bilateral recurrent 1-level 

radiculopathy). Adjacent level radiculopathy was present in 4 

patients, affecting 4 neuroforamens. 

The mean operation time was 123±35 minutes per site. The 

mean hospital stay was 3.1 days. All patients were given a soft 

neck collar to wear after the operation for a period of 1 month. 

Among the 11 patients, there were two uneven clinical 

course. One patient did not respond immediately after PECF, 

but exhibited gradual and subtle recovery over the course of 

the following 6 months ( case 5, who had previously undergone 

anterior cervical corpectomy and fusion). Another patient 

showed good sensory function recovery but transient motor 

palsy for 2 weeks after PECF (case 10). All of the other patients 

exhibited varying degrees of recovery in their motor or sensory 

function with no signs of symptom deterioration. In terms of 

the modified MacNab criteria, the satisfactory rates were 72.7% 

(8 of 11 patients) immediately after PECF and 90.9% (10 of 11 

patients) 1 month after PECF. None of the patients had instabil-

ity or mechanical pain after PECF. None of the patients required 

further anterior revision surgery. Details on visual analogue 

score change and Neck Disability Index score are summarized 

in Table 2. 

1. Case Presentation (Case 11) 

A 68-year-old man received ACDF surgery for C6–7 in 2020 

and presented at our clinic with recurrent right interscapular 

region pain and progressive loss of dexterity in his right hand 

9 months after ACDF. Imaging studies revealed C6–7 cage 

subsidence and narrowing on the right C6–7 and C7–T1 neu-

roforamen (Figure 2A-E). MRI also revealed right C8 nerve root 

compression. The patient’s symptoms did not respond well to 

conservative treatment; therefore, we performed right PECF 

at the C6–7 and C7–T1 levels to decompress the right C8 nerve 

root. 

Due to cage subsidence, the disc space that usually locates at 

the axilla aspect of right C7 nerve root, was invisible. The right 

C7 root abutted the right C7 pedicle due to cage subsidence. To 

thoroughly decompress the nerve root, we performed both fac-

etectomy and partial pediculectomy of C7 (Figure 3A-D). After 

the operation, the patient demonstrated improved fine motor 

skills in his right hand and reported relief from interscapular 

pain. A video of the procedure is available in the supplementa-

ry materials. 

Figure 1. Decision-making process. s/p, status post; ACDF, anterior cervical discectomy and fusion; ADR, artificial disc replacement; 
ACCF, anterior cervical corpectomy and fusion; Tx, treatment; PT, physical therpay; NSAID, nonsteroid anti-inflammatory drug; CT, 
computed tomography; MRI, magnetic resonance imaging; NCV, nerve conductive velocity; EMG, electromyeography; RASP, radio-
logical adjacent segmental pathology; PECF, posterior endoscopic cervical foraminotomy.

s/p ACDF, ADR, ACCF,
Recurrent Radiculopathy

Image study: Flex, Ext, Bilateral oblique, CT, MRI, +/- NCV, EMG

PECF (Max: 3 locations)

Conservative Tx: PT, Pregablin, Gabapentin, NSAID +/- steroid, B12

exclude: central stenosis, myelopathy
Response well to medication or PT 
no any compatible RASP
RASP: Radiological adjacent segment pathology
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Table 2. Operation result 

Variable Value
Operation time 

per site (min)
123±35

Hospital day (day) 3.1±0.6
Clinical result Preoperation Postoperative day 1 Postoperative 1 moth
VAS score of arm 6.7±1.2 2.3±1.3*  0.9±1.2*
NDI score 20.1±3.3 - 9.3±6.2*

Values are presented as mean±standard deviation.
VAS, visual analogue scale; NDI, Neck Disability Index.
*p<0.05.

Figure 2. (A, B) Cervical spine x-ray after the first ACDF surgery at the C6–7 level. (C–E) Cervical spine x-ray 9 months after first 
surgery. Both anteroposterior and lateral views showed cage subsidence and subsequent neuroforamen narrowing. (E) Magnetic 
resonance imaging of the right-side C6–7 neuroforamen. The white arrow indicates abutment of the C7 root against the C7 pedi-
cle. ACDF, anterior cervical discectomy and fusion.

Figure 3. Sketches illustrate how cage subsidence leads to nerve abutment at the inferior pedicle (A: normal situation; B: cage 
subsidence). To decompress the nerve root, we performed not only partial facetectomy but also partial pediculectomy (gray area) 
to decompress C7 root. (C) Before partial pediculectomy. The asterisk (*) indicates the right C7 pedicle. (D) After partial pediculec-
tomy. The dotted circle indicates the extent of the right C7 pediculectomy.

DISCUSSION 

In this observational study, we retrospectively collected data 

on individuals who initially recovered from anterior cervical 

surgery but later developed new radiculopathy. We performed 

uniportal PECF for the narrowed neuroforamens responsible 

for symptom. 

Posterior cervical foraminotomy is an effective treatment 

for cervical radiculopathy [6]. Its efficacy is similar to that of 

ACDF and it avoids the complications of ACDF, which include 

postoperative dysphagia, pseudoarthrosis, loss of segmental 

motion, and adjacent-segment degeneration [7,8]. However, 

posterior cervical foraminotomy carries a risk of postoperative 

neck pain and muscle spasm due to the stripping and retract-

ing of paraspinal muscles. PECF is an improvement on the con-

ventional posterior cervical foraminotomy technique that has 

resulted in reduced muscle atrophy and a decreased incidence 

of postoperative neck pain and dysfunction [5,9]. Evidence 

supporting PECF as an alternative to ACDF in cervical radicu-

lopathy is increasing [6]. PECF offers similar outcomes to ACDF 

in selected cases with fewer complications and shorter hospital 

stays [4,10]. The direct cost of PECF is 89% on average, less than 

that of ACDF [11]. In select situations, physicians should con-

sider minimally invasive posterior cervical foraminotomy or 

PECF for cervical radiculopathy. 

Posterior cervical foraminotomy is effective at decompress-

ing the neuroforamen [10,12]. However, patients with ventral 

osteophyte and neuroforamen osseous stenosis have worse 

outcomes after PECF than after ACDF [13]. For lateral disc 

and foraminal stenosis, we believe that PECF provides more 

thorough and direct decompression compared with anterior 

decompression [14]. With regard to anatomy, during anterior 
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decompression surgery at the C5–6 and C6–7 levels, which are 

the levels most commonly affected by cervical spondylosis, the 

disc and uncovertebral joint are located at the axilla region of 

the exiting nerve root. The root exits the cord cranially to the 

disc level. When we decompressed the root anteriorly via the 

disc space, decompressing the shoulder aspect of the nerve 

root was challenging. The sensory component of the nerve is 

located in the dorsal–cranial direction of the root. Achieving 

complete decompression in the lower cervical levels is chal-

lenging when discectomy via the anterior approach was used. 

With the advancement of endoscopic instruments and tech-

niques, such as high-speed burrs and durable grasping forceps, 

access to ventral osteophytes of the neuroforamen can be 

achieved by partial pediculectomy and partial vertebrotomy. 

Despite being technically demanding, this procedure creates 

180°–270° of decompression to the index root without affecting 

cervical stability [14,15]. 

In a retrospective clinical study that explored the efficacy of 

posterior decompression surgery in patients who had under-

gone prior anterior surgery, the author discovered that recur-

rent radiculopathy after prior cervical surgery usually occurred 

at the original level (65%) within 2 years (68%) [7,13]. The au-

thor also observed that patients with a history of anterior sur-

gery had poorer clinical outcomes than those in a surgery-na-

ive group (75% vs. 95.2%, respectively). The author attributed 

the observed outcome to a higher percentage of kyphotic 

change and osseous stenosis of the neuroforamen in the cases 

that had undergone surgery. In our series, each of the cases had 

osseous neuroforamen stenosis due to inadequate decompres-

sion, restenosis, or cage subsidence. In the present study, In the 

present study, we performed PECF from pedicle-to-pedicle de-

compression in every levels and added partial pediculectomy 

partial vertebrotomy (PPPV) for ventral osteophyte in only one 

case. All patients exhibited varying degrees of recovery in their 

sensory or motor function. Our results indicate that patients 

can benefit from PECF only. 

In case 11, restenosis occurred due to cage subsidence; 

therefore, we performed laminotomy and facetectomy and par-

tial pediculectomy of C7. The decreased disc height caused the 

C7 root to abut against the C7 pedicle. We used an endoscopic 

chisel and high-speed burr to complete the task without dam-

aging the nerve root. 

Another advantage of PECF as salvage surgery for ACDF is 

that it eliminates the need to address previous implants or ex-

tend fusion levels. For cases involving restenosis at the index 

level, attempting to remove implants can result in further dam-

age to the endplate and vertebral body, making reimplantation 

and fusion more challenging. Alternatively, extending fusion to 

adjacent levels can limit neck mobility and increase costs. 

ACDF is the preferred treatment for cervical spondylotic 

myelopathy and radiculopathy, despite some potential com-

plications, such as implant-related events, approach-related 

complications, and adjacent-segment degeneration [7]. Cases 

where anterior revision is necessary have a high risk of adverse 

outcomes, including thromboembolic events, surgical site in-

fections, repeat operation, blood transfusion, and readmission 

within 30 days [3]. These findings have important implications 

for patient counseling and risk assessment. 

The present study has several limitations. First, the sample 

size is small and surgeries were performed by a single surgeon. 

This is a retrospective observational study, and the causes of 

recurrent spondylosis are diverse due to different habit and 

surgical technique of surgeons who had operated on the pa-

tient. All patients had experienced anterior cervical fusion 

surgery and subsequently chose the posterior approach. All 

patients agreed that the posterior approach is less burdensome 

than the anterior approach. We did not provide open posterior 

decompression and fixation as choice for the patients since we 

did not encounter obvious instability and wanted to provide 

minimal invasive method, in comparison with their previous 

surgery. We also found that the degree of neuroforamen steno-

sis did not always correspond with the severity of symptoms. 

Not all patients with neuroforamen stenosis and radiculopathy 

respond well to medication. We believe that subjective clinical 

improvement may be due to more than just mechanical de-

compression; it may also result from clearance of inflammatory 

material and adhesion bands. Further research is necessary to 

validate the correlation between neuroforamen size and clini-

cal presentation. 

CONCLUSION 

PECF, a minimally invasive form of posterior cervical surgery, 

serves as an efficient and effective salvage surgery for resteno-

sis after ACDF. This procedure skips the scarring trajectory of 

ACDF and avoids the the extension of fusion levels. 
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INTRODUCTION 

For treating various pathologies associated with lumbar de-

generative disease and lessening the low back pain, radiculop-

athy and disability; a variety of lumbar fusion techniques have 
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Objective: With the latest advances and innovations in field of spine surgery, the new genera-
tion of spine surgeons has been increasingly preferring the endoscopic lumbar interbody fusion 
technique to treat the pathology of lumbar degenerative disease. The aim of this study was to 
elucidate the clinical and radiologic outcomes of biportal endoscopic lumbar interbody fusion 
with a long polyetheretherketone (PEEK) cage. 
Methods: This study included 40 patients treated by biportal endoscopic lumbar interbody fu-
sion with a long PEEK cage between January 2020 and December 2021. The clinical evaluation 
was conducted using improvements in visual analogue scale (VAS) and Oswestry Disability Index 
(ODI) scores. Radiological outcomes were evaluated by changes in disc height and segmental 
and lumbar lordosis. Fusion was assessed based on computed tomography scans using the 
Bridewell criteria. Surgical parameters (e.g., operative duration, blood loss and complications) 
were noted. 
Results: Of the 40 patients in this study, 13 were male and 27 were female. Most patients had 
significant clinical improvement as indicated by improvements in VAS and ODI scores (p<0.05). 
Disc height, segmental lordosis, and lumbar lordosis showed significant improvements (p<0.05). 
The mean surgical duration was 180 minutes, and the mean blood loss was 80 mL. All patients 
had grade 1 or 2 fusion. 
Conclusion: Biportal endoscopic fusion using a long PEEK cage is an excellent option for 
achieving good interbody fusion when indicated. A long-term follow-up study would be needed 
to fully clarify the effectiveness of this procedure. 
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been used. Of the many lumbar interbody fusion techniques, 

transforaminal lumbar interbody fusion (TLIF), which was first 

described by Harms and Rolinger, has become popular owing 

to its safety, successful results and better fusion rates. Since 

TLIF uses a posterior approach and reduces the dural retrac-
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tion while enabling a direct neural decompression, it is being 

performed by many spine surgeons with ease. The technique 

of lumbar interbody fusion has been mentioned to have a 

higher arthrodesis rate than that of posterolateral onlay fusion 

technique [1,2]. The traditional open and also tubular retractor 

system used posterior approach of the lumbar spine adopted 

for arthrodesis has got a very high soft tissue morbidity which 

can have a negative impact on the final outcome in patients [3-

5]. During the routine surgical exposure of the spine, excessive 

muscle stripping and retraction causes iatrogenic soft tissue 

injuries which can be overcome by various techniques of mini-

mally invasive posterior lumbar fusion [6]. Recent studies show 

that medium to long-term outcomes in terms of clinical ad-

vantages for both open and minimally invasive spine surgery is 

negligible but minimally invasive procedures holds upper hand 

in perioperative advantages like reduced blood loss, lesser in-

fection rates, lower rate of complications and more importantly 

lesser time to analgesic independence and can return to work 

at the earliest [7-14]. Combining the minimally invasive surgery 

with biportal endoscopic approach for lumbar interbody fusion 

further decreases the collateral damage from the surgical access 

and helps with direct view of the pathological site anatomical 

structures and making it easier for the decompression of nerve 

roots and removing adhesions with ease [15]. The biggest ad-

vantage of endoscope assisted lumbar interbody fusion is that 

we can have an excellent direct visualization of the vertebral 

endplate at the time of its preparation and thereby enhances its 

better standard of preparation, prevention of endplate fractures 

and helps in achieving a better clinical outcome in the form 

of fusion and prevention of cage subsidence [12,16,17]. In the 

current study, authors present their clinical and radiological 

outcome with unilateral biportal endoscopic lumbar interbody 

fusion using a long polyetheretherketone (PEEK) cage across 

the disc space. The operating surgeon believes that spinal fu-

sions successful clinical outcomes depend mainly on: (1) doing 

a wide decompression, (2) treating instability of any kind with 

proper instrumentation, and (3) achieving aggressive bony fu-

sion by making use of auto and allograft after proper endplate 

preparation. 

MATERIALS AND METHODS 

1. Patient Population 

In this prospective study, 40 patients in total (13 men and 

27 women; mean age, 62.14±6.17 years) have been enrolled 

between the time period of January 2020 and December 2021 

in Daejeon Woori Hospital. Unilateral biportal endoscopic 

lumbar interbody fusion with long PEEK cage was done for all 

patients. The patient information collected was demograph-

ics, diagnosis, preoperative visual analogue scale (VAS) and 

Oswestry Disability Index (ODI) score (Table 1). A thorough 

documentation of the patient’s clinical history, examination 

findings, preoperative investigations including imaging studies, 

operative details, follow-up time, if any postoperative difficul-

ties and functional scores were done. Patients who qualified the 

inclusion and exclusion criteria set were selected. The patients 

with nonresolving low back pain with radiculopathy even after 

giving a minimum of 4 weeks of conservative trial, combination 

of medical history and magnetic resonance imaging (MRI) 

rooting for a diagnosis of lumbar degenerative disease espe-

cially lumbar spinal canal stenosis (central and lateral recess 

stenosis) and spondylolisthesis (lower than grade II), involve-

ment of single-segment/level pathology and chronic cases of 

lumbar degenerative disease not improved even after nonsur-

gical treatments that failed or were more than 6 months were 

included while patients with metastatic disease, acute extruded 

disc herniation, symptoms or signs not correlating to the im-

aging studies, patients with coagulation abnormalities or those 

who had previously undergone instrumentation surgery for the 

lumbar level and those who were not willing to undergo sur-

gery or could not to complete follow-up criteria were excluded. 

This study was approved by the Institutional Review Board 

(IRB) of the Daejeon Woori Hospital.  

2. PEEK Cage

The PEEK cage is a high molecular weight thermoplastic 

material which has got a modulus of elasticity closer to that of 

Table 1. Demographic and clinical data (n=40) 

Characteristic Value
Sex
 Male 13
 Female 27
Age (yr), mean±SD 62.14±6.17
Diagnosis
 Isthmic spondylolisthesis 6
 Degenerative spondylolisthesis 9
 Disc herniation 7
 Lumbar canal stenosis 18
Mean VAS score 8.4
ODI score 0.46

SD, standard deviation; VAS, visual analogue scale; ODI, Oswestry Disabil-
ity Index.
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bone thereby resulting in less stress shielding, better transfer of 

load, decreased chance of subsidence and more importantly 

has got a higher rate of fusion [18]. Radiologically on computed 

tomography (CT) scan, the fusion status can be better assessed 

with a PEEK cage as it is radiolucent. Other added advantage is 

that it mostly avoids any chance of infection as PEEK is an inert 

material that resists cell adhesion [19,20]. These cages have me-

tallic markers for identification purpose. The cages used for this 

study was slightly smaller than the conventional oblique lum-

bar interbody fusion cages, larger than the posterior lumbar 

interbody fusion (PLIF) cages and TLIF cages [21,22]. The cage 

dimensions used in this series were of length (40 mm, 45 mm, 

or 50 mm), height (9 mm, 11 mm, or 13 mm), width (17 mm), 

and 6° lordotic angle (Table 2. Figure 1), when compared to the 

conventionally used PLIF cage (25 mm/12 mm/9 mm/0°) and 

TLIF cage (10 mm/12 mm/30 mm/0°) sizes [22]. 

3. Surgical Technique 

Patients were given general or epidural anaesthesia and 

taken in prone position. More often the right-handed surgeon 

prefers to approach from left side as it makes it relatively easy 

to get the surgical instruments from the scrub nurse. A right 

sided approach is however opted in some cases like-in L5–

S1 level or those with a high lordotic angle or even when their 

demands a direct neural decompression of right foraminal 

stenosis is warranted. Two transverse skin incisions which are 

approximately 3 cm apart are made, with inferior part of the 

cranial lamina at midline being the center of upper pedicle 

and lower pedicle. The cranial incision is for the endoscopic 

portal while the caudal one is for the working portal. In obese 

patients, the skin incisions may need to be further lateral. Serial 

tube dilators are inserted initially so as to make an easy path-

way for endoscopic sheath insertion subsequently. These make 

triangulation at spinolaminar junction. Soft tissue is cleared 

off by using radiofrequency (RF) probe. Unilateral laminotomy 

with bilateral decompression is done to achieve central canal 

decompression. Ipsilateral complete facetectomy done by re-

moving both the inferior and superior articular processes using 

multiple osteotomies to save the autograft material. The disc 

space of ipsilateral side is exposed (Figure 2A), epidural vessels 

coagulation is done precisely. RF probe or Indian knife may be 

used for performing annulotomy (Figure 2B). After performing 

annulotomy, pituitary forceps are inserted to remove the disc 

material (Figure 2C). A meticulous disc space, endplate prepa-

ration is done under vision using a Kerrison punch, angled 

endplate removers, curettes (Figure 2D), and pituitary forceps 

so as to achieve a good fusion bed. Atmost care is taken for re-

moving most part of cartilaginous endplate without any bony 

endplate injury so as to prevent any subsidence of cage into 

the vertebral body. A 30° scope is used for contralateral side 

endplate preparation, adequate disc material and cartilaginous 

endplate removal so that the long PEEK cage sits comfortably. 

Multiple bleeding spots from the bone marks the end of end-

plate preparation (Figure 2E). Through the working port, trial 

size of cage is inserted until a proper size is achieved. Using a 

bone graft funnel and under fluoroscopy guidance, bone graft-

ing is done by compacting it into anterior portion of disc space. 

Under direct visualization, the long PEEK cage filled with mix-

ture of autograft and allograft is inserted (Figure 2G) after ade-

quate protection of thecal sac and nerve root by a specific cage 

guider (Figure 2F). By using a cage impactor, the inserted cage 

is then placed across the prepared disc space (Figure 2H), and 

confirmed under the fluoroscopy. Percutaneous pedicle screw 

insertion is done under fluoroscopy guidance after taking the 

required skin incisions which marks the end of surgery. A 100-

mL surgical drain is inserted via working portal skin incision to 

prevent any sort of complication arising due to postoperative 

Table 2. Parameters of the PEEK cages used (n=40) 

Parameter No. (%)
Cage width (mm)
 17 40 (100)
Cage height (mm)
 9 1 (2.5)
 11 29 (72.5)
 13 10 (25)
Cage length (mm)
 40 37 (92.5)
 45 2 (5)
 50 1 (2.5)
Cage lordotic angle
 6° 40 (100)

Figure 1. Long polyetheretherketone cages of different sizes.
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hematoma formation. 

On day one after surgery, patient is mobilized with physical 

activity and surgical drain is removed on day 2 postoperatively. 

Postoperative standing radiographs are taken to see the cage 

and screw placements. MRI scan done after drain removal 

shows neural decompression in detail.  

4. Clinical Assessment  

Clinical assessment of all 40 patients included in the study 

were done on an outpatient basis for back and leg pain VAS 

scores and ODI scores at post operative 6 months and 12 

months. A minimum of 12-month follow-up period after sur-

gery wherein the preoperative VAS scores for overall back and 

leg pain, and ODI score at the final follow-up showed signifi-

cant change. 

5. Radiological Assessment 

The radiological assessment for this study were done using 

radiographs (x-rays) and CT scan. For determining the disc 

height, segmental lordosis and lumbar lordosis, x-rays taken at 

1 week postoperatively and at 1-year follow-up were included. 

Segmental height was calculated from 1-week postoperative 

radiograph was compared to the final follow-up radiograph to 

assess for any cage subsidence. A difference of >2 mm if present 

between the two was to be considered positive for subsidence 

[23]. Fusion outcome was assessed by using CT scan and the 

scan parameters were similar for all the patients. This was pre-

ferred as CT scans have better reliability in assessing bony fu-

sions [24,25]. At a follow-up period of minimum of 12 months, 

the bony fusion was radiologically assessed using Bridewell 

fusion grading system. The rate of fusion calculated was sum 

total of grades 1 and 2. 

Criteria for fusion status assessment was discussed by inves-

tigators and also by an independent musculoskeletal radiolo-

gist. The assessment of fusion was initially done independently 

by each investigating individual and the radiologist. Those 

cases which were doubtful were reviewed conjointly to reach a 

consensus. Grading score on CT scan were done according to 

the guidelines mentioned in Table 3. 

Figure 2. Sequential steps of endplate preparation and cage placement. (A) Exposed disc space. (B) Annulotomy using a special-
ized radiofrequency probe. (C) Discectomy done with pituitary forceps. (D) Endplate preparation using a curette. (E) Prepared end-
plate. (F) Specialized instrument (cage guider) for sliding the cage inside and retracting the thecal sac. (G) Insertion of the cage 
under vision. (H) Long polyetheretherketone cage placed across the disc space.
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6. Statistical Analysis 

For categorical variables, Wilcoxon sign-rank test was used to 

find the mean and standard deviation. A p-value of <0.05 was 

considered statistically significant. The statistical analysis was 

performed using the R ver. 3.1.2 (R Foundation for Statistical 

Computing, Vienna, Austria). 

RESULTS 

In our study, 40 patients in total were included which com-

prised of 13 males and 27 females. Majority of patients had sig-

nificant clinical improvement as indicated by improvement in 

VAS and ODI scores (Figure 3). 

Out of the total 40 patients, 33 patients (82.5%) had grade 1 

fusion while 7 patients (17.5%) had grade 2 fusion in our study 

(Table 4). The mean follow-up was 14.3 months. Mean surgi-

cal duration was 180 minutes (range, 120–310 minutes) while 

mean blood loss compounded to 80 mL (range, 40– 130 mL) 

(Table 5). There was an average hospital stay of 5 days (range, 

3–12 days). For all cases, bilateral pedicle screw fixation was 

done and there did not arise any need for converting this endo-

scopic procedure to an open surgery. 

On postoperative follow-ups, all patients had significant 

symptom relief. The patients were gradually able to increase 

their activity levels and could resume their full activities by 

3 months after surgery. The VAS and the ODI were used for 

quantifying the outcomes. There was a decrease in the average 

back pain and leg pain VAS score from 8.4 and 7.9 preoperative 

to 2.1 and 1.7 postoperative respectively at the end of 12-month 

follow-up. A decrease was also noted in the ODI score from 

46% preoperatively to 18% at 12-month follow-up (Table 6). 

Between 2–4 weeks on an average postoperatively, the nar-

cotic use was discontinued. Majority of the cases CT scan at 

12 months minimum follow-up, appeared to have achieved 

solid radiographic fusions (Figure 4-6). This was determined 

by trabecular bony bridging presence, less than 3° motions 

on flexion–extension views, and intact hardware. There was 

significant improvement in the postoperative radiographic pa-

Table 3. Bridewell interbody fusion grading system 

Grade Criteria
1 Fused with remodeling and trabeculae present
2 Graft intact, not remodeled completely but no lucency in the 

graft’s upper and lower parts
3 Graft intact, but lucency present above and below graft
4 Fusion absent with collapse or resorption of graft

60

50

40

30

20

10

0
Back pain VAS Leg pain VAS ODI score

■ Preoperation
■ Postoperation

Figure 3. Comparison of preoperative and final clinical outcomes. 
VAS, visual analogue scale; ODI, Oswestry Disability Index.

Table 4. Final fusion status (n=40) 

Fusion status No. (%)
Grade 1 33 (82.5)
Grade 2 7 (17.5)

Table 5. Intraoperative parameters (n=40) 

Operative parameter Value
Blood loss (mL), mean (range) 80 (40–130)
Operative time (min), mean (range) 180 (120–310)
Levels of fusion
 L2–3 2
 L3–4 6
 L4–5 25
 L5–S1 7

Table 6. Back pain VAS scores, leg pain VAS scores, and ODI scores 

Parameter Least Highest Mean
Back pain VAS
 Preoperative 6 10 8.4
 Postoperative 6 months 1 7 3.9
 Postoperative 12 months 1 4 2.1
Leg pain VAS
 Preoperative 4 9 7.9
 Postoperative 6 months 1 5 2.1
 Postoperative 12 months 1 4 1.7
ODI score
 Preoperative 32 78 46.43
 Postoperative 6 months 0 62 23.31
 Postoperative 12 months 4 60 18.01

VAS, visual analogue scale; ODI, Oswestry Disability Index.

rameters like disc height (from preoperative 8.29±2.20 to final 

follow-up 11.96±2.36, p<0.05), segmental height (from preop-

erative 63.29±4.82 to final follow-up 68.10±4.48, p<0.05), seg-
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mental lordosis (from preoperative 8.12±5.40 to final follow-up 

10.32±6.16, p<0.05) and also lumbar lordosis (from preoperative 

38.60±8.76 to final follow-up 41.70±8.84, p<0.05) (Table 7). Sub-

sidence of cage was noted in one patient in the study (Figure 7). 

DISCUSSION 

The traditional methods of posterior decompression and fu-

sion continue to be the cornerstone of surgical options for treat-

ment of lumbar degenerative disorder. But, these open surgical 

dissections denervated all core group of paraspinal muscles 

which remains the main reason for postoperative back pain 

and muscle atrophy at the operated segment [26]. In contrast to 

the conventional open surgeries of spine, endoscopic surgery 

inflicts minimum muscle damage [27]. Most importantly, de-

creasing the multifidus muscle damage is an important factor 

in keeping the spinal segment stability [28]. In this study series, 

none of the patients required any need for any blood transfu-

Figure 4. Preoperative and postoperative imaging of a 64-year-old female patient. (A) A lumbar spine x-ray shows degenerative 
spondylolisthesis at L4–5. (B) Magnetic resonance imaging (MRI) axial cut showing canal compromise. (C) Postoperative MRI axial 
cut showing decompressed spinal canal with cage in situ at disc space. (D) Postoperative computed tomography showing good 
bony fusion at the operated L4–5 level.

AA BB CC DD

Figure 5. Preoperative and postoperative images of a 72-year-old female patient. (A, B) Magnetic resonance imaging (MRI) sag-
ittal and axial cuts, showing L4–5 disc degeneration and spinal canal stenosis. (C) Postoperative MRI axial cut showing a decom-
pressed spinal canal with the cage in situ. (D) Postoperative computed tomography showing good bony fusion at the operated 
L4–5 level.

AA BB CC DD
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Figure 6. Preoperative and postoperative imaging of a 56-year-old patient. (A) Magnetic resonance imaging (MRI) sagittal view 
of the lumbar spine, showing lysis at L4 with grade 1 spondylolisthesis of L4 over L5. (B) MRI axial cut showing foraminal stenosis. 
(C) Postoperative MRI axial cut showing transverse cage placement along the disc space. (D) Postoperative computed tomography 
scan showing good graft incorporation at the operated L4–5 level.

AA BB CC DD

Table 7. Radiographic parameters 

Parameter Preoperative Immediate postoperative Final follow-up
Disc height (mm) 8.29±2.20 12.2±1.92 11.96±2.36
Lumbar lordosis (°) 38.60±8.76 41.89±9.44 41.70±8.84
Segmental lordosis (°) 8.12±5.40 10.86±6.10 10.32±6.16
Segmental height (mm) 63.29±4.82 68.73±3.96 68.02±4.48

Values are presented as mean±standard deviation.

Figure 7. Serial x-rays. (A) Preoperative. (B) Immediate postoperative. (C) Follow-up showing cage subsidence. A difference of >2 
mm in the segmental vertebral body height between the immediate postoperative and final follow-up x-ray examinations was 
considered positive for subsidence.
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sions intraoperatively, demonstrating the procedure is associ-

ated with low blood loss and also the patients had significantly 

less postoperative pain, thereby indicating the minimal inva-

siveness and advantage of endoscopic lumbar interbody fusion 

technique. 

Chances of endplate damage at the time of fusion bed prepa-

ration is a major concern in interbody fusion surgeries [29-31]. 

But with the usage of endoscope providing a direct visualiza-

tion of the endplates at the time of preparation has been a ma-

jor advantage in preparing an excellent fusion bed and prevent-

ing accidental endplate damage which can later result in many 

postoperative complications. With this highly magnified endo-

scopic vision, it has become relatively easy in separating and 

removing the cartilaginous endplate from osseous endplate. 

There are lot of literatures available now which embarks 

upon on the merits of endoscopic spine surgery in the treat-

ment of various degenerative spine conditions but the lit-

eratures discussing about endoscopic method to fusion is 

considerably very less. The interbody fusion using a uniportal 

endoscope via trans-Kambin and facet sparing approach had 

given appreciable results but a lot of study has reported the 

incidence of injury to the exiting nerve root and also cage sub-

sidence on patient follow-up in the postoperative period which 

mostly attributes to the relative difficulty in mastering the new 

challenging technique of uniportal endoscopic surgeries as it 

is all together a new dimension whereas these difficulties can 

be easily overcome in short span of time for surgeons with bi-

portal endoscopic technique as it is more or less similar to the 

microscopic or minimally invasive TLIF (MIS-TLIF) surgeries 

which majority of the spine surgeons are familiar with. As a 

result of this there may be more chances of suboptimal fusion 

bed preparation or endplate damage occurring during the early 

learning phase of practice. The interbody fusion using a bipor-

tal endoscopic approach after doing a facetectomy has got good 

acceptance among the spine surgeons as it gives a favourable 

clinical outcome when compared to microscopic tube assisted 

fusion surgeries [32]. 

One of the major advantages of Biportal TLIF surgery is this 

very thing being the basic principles similar to the MIS-TLIF 

surgery, thereby inserting a large sized cage with ipsilateral 

traversing root retraction is very much possible which may be 

difficult for an inexperienced surgeon performing a uniportal 

endoscopic lumbar interbody fusion as uniportal endoscopic 

surgery has a steep learning curve [33]. 

With many new advents in minimally invasive spinal surgery, 

there has been considerable decrease in the tissue/muscle 

damage, blood loss, rehabilitation time, and hospital stay in 

comparison to conventional open surgery. Different kinds of 

minimally invasive techniques with good clinical results have 

been developed owing to the recent advances in optics, endo-

scopic strategies for addressing lumbar degenerative patholo-

gies especially for discectomy and decompression [29,34-37]. 

Various techniques for posterolateral, lateral, posterior inter-

body fusion and MIS-TLIF using a tubular retractor had been 

gaining popularity as minimally invasive procedures during 

all these years. Biportal endoscopic procedure will surely run 

ahead of these in coming years due to its similarity in the surgi-

cal steps and instruments to that of open surgery. 

All the endoscopic spine surgery techniques have got its own 

learning curve although it looks very simple [9,38,39]. Due to 2 

different working and scopic portals in biportal endoscopic ap-

proach to spine, triangulation is the very basic skill needed like 

that in knee or shoulder arthroscopy. The biportal approach 

offers a very clear and magnified vision, better identification of 

microanatomy, good bleeding control, decreases any chance of 

infection and also less radiation exposure. 

The biportal endoscopic approach can also easily address 

any sort of complications that are bound to occur intraopera-

tively. The dural tear can be managed by using a tachosil patch 

or even by suturing it. By achieving a good hemostasis and 

establishing a drain insitu negates the chances of postoperative 

hematoma formation, the adequacy of nerve decompression 

can be checked by a nerve hook or probe for the freeness. The 

main limiting factor associated with our study is the relatively 

short duration follow-up, so the possibility of studying various 

late onset complications including the occurrence of adjacent 

segment disease could not be included. There are few litera-

tures which remarks suggests that abnormality in the sagittal 

balance parameters is an important factor in developing an 

adjacent segment degeneration following a lumbar fusion [40]. 

Hence a long-term follow-up including these various factors 

also is needed to authorize the complete effectiveness of the 

procedure. 

CONCLUSION 

Unilateral biportal endoscopic limbar interbody fusion using 

long PEEK cage is an excellent option for achieving interbody 

fusion when indicated. Still a long term, large scale, and mul-

ticenter prospective randomized control trial are necessary to 

authorize the complete effectiveness. 
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Objective: This study retrospectively analyzed the outcomes of microscopic tubular decompres-
sion (MTD) in thoracic spinal stenosis due to ossification of the ligamentum flavum. 
Methods: Twelve patients who had symptomatic thoracic spinal stenosis with or without 
co-existing spinal stenosis at other spinal regions were included in the study. The inclusion cri-
teria were complaints of numbness or paresthesia below the affected level, gait difficulties, back 
pain, hyperreflexia and increased muscle tone upon clinical examination with magnetic reso-
nance imaging evidence of ligamentum flavum thickening resulting in thoracic canal stenosis. 
The whole spine was evaluated for tandem stenosis. Patients with other causes of thoracic spinal 
stenosis due to a tumor or malignancy and multiple-level thoracic spinal stenosis were excluded. 
Results: The patients’ mean age was 59 years. There were 9 men and 3 women. The average 
duration of symptoms was 8.6 months, and the average follow-up period was 15.4 months. The 
mean preoperative Nurick score was 3.83 and mean postoperative Nurick score was 1.5. Postop-
eratively, 1 patient presented with bilateral lower limb weakness due to local hematoma, which 
was promptly evacuated with open decompression. 
Conclusion: MTD allows a magnified surgical field while minimizing disruption to the surround-
ing soft tissue and bone structures and enables complete decompression of the spinal cord with 
minimal alteration to the biomechanical strength of the vertebral column. The advantages of 
tubular decompression include decreased blood loss, reduced hospital stay, early mobilization, 
and less muscle injury. Rapid recovery from surgical treatment is another potential advantage of 
this approach. 
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INTRODUCTION 

Thoracic spinal stenosis is less commonly seen in spinal 

practice, as compared to cervical and lumbar levels. Of the var-

ious causes like thickening/ossification of ligamentum flavum 

(OLF), thoracic disc herniation, ossified posterior longitudi-

nal ligament and tumors, OLF is the most common cause of 

chronic symptoms [1]. Rarity of this disorder may also be due 

to frequent misdiagnosis. Reported cases are more common in 

middle aged men [2]. The standard treatment of such patients 
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with symptomatic thoracic spinal stenosis is decompression by 

open laminectomy. Other methods include laminoplasty with 

or without fusion and laminectomy with fusion. A forewarning 

of these methods is that they can influence the stability of the 

spine and scar the paraspinal muscles. Microscopic tubular de-

compression (MTD) by unilateral laminotomy for bilateral de-

compression can resect the OLF while preserving the spinous 

processes with the supra and interspinous ligaments, the crani-

al part of each lamina, and the lateral facets. Hence, the method 

is supposedly superior to conventional wide laminectomy in 

that the posterior structures of the spine are preserved. Treat-

ment of this condition by microendoscopic decompression 

is reported by only few authors [3-6]. Here we present a small 

case series of 12 patients of thoracic spinal stenosis treated by 

MTD and followed up for a minimum of 1 year. The outcomes 

were evaluated in terms of improvement of Nurick grading and 

intraoperative/postoperative complications. 

MATERIALS AND METHODS 

Twelve patients with symptomatic thoracic spinal stenosis 

with or without co-existing spinal stenosis at other regions 

(lumbar or cervical) were included in the study. Inclusion cri-

teria were patients with complaints of numbness or paresthesia 

below affected level, gait difficulties, back pain, hyperreflexia 

and increased muscle tone upon clinical examination with 

magnetic resonance imaging (MRI) evidence of ligamentum 

flavum thickening resulting in thoracic canal stenosis (Figure 1). 

The whole spine was evaluated for tandem stenosis. Patients 

with other causes of thoracic spinal stenosis such a disc hernia-

tion or a tumor and multiple-level thoracic spinal stenosis were 

excluded from the study. 

Demographic data in terms of age, sex, co-existing illness etc. 

were collected. The duration of symptom onset and the level/

s affected were also taken into consideration. The preoperative 

disability of the patients in terms of Nurick grading [7] were 

recorded and improvement noted after the surgery were also 

recorded in terms of Nurick grading. A computed tomography 

(CT) scan of the dorsal spine was also done in all the patients to 

identify the morphology of the OLF, its site and extent and note 

the presence of a dural ossification. The MRI was thoroughly 

evaluated to plan the target and the extent of decompression. 

Also, the levels of OLF to be addressed in a case of multilevel 

affection were also decided on prudent observation of MRI and 

clinical correlation with the signs and symptoms. Any change 

in the signal intensity of the spinal cord at the affected level 

was also noted. The presence of ossified dura, associated os-

sification of the posterior longitudinal ligament and any other 

anterior compressive element were investigated for in MRI. 

No evoked potentials were used in all procedures. The opera-

tive time, amount of blood loss, and duration of postoperative 

hospital stay were evaluated. Intraoperative and postoperative 

complications in terms of wound infection, hematoma collec-

tion, dural tear, root injury, cord injury etc. were also observed 

for. The patients were followed up for a minimum period of 1 

year to evaluate the improvement in disability. A postoperative 

CT scan and MRI were also done in a few patients to evaluate 

the extent of decompression achieved. 

1. Case Example 

A 67-year-old male came with complaints of gait disturbance 

and difficulty in walking since 2 months. He was able to walk 

with difficulty even with aid of walker. He had numbness in 

both lower limbs. His bowel and bladder were unaffected. 

Examination revealed a positive Rhomberg test, exaggerated 

reflexes, and normal power in upper limbs. His myelopathy 

was scored as Nurick 4. MRI evaluation revealed a stenosis at 

T10–11 level (Figure 2). He had some degenerative changes at 

lumbar level, but there were no symptoms or signs related to it. 

Hence, it was decided to decompress the affected level by MTD 

(Figure 3).  

2. Operative Procedure  

After positioning of the patient in prone, the level is localized 

under C-ARM. A spinal needle is introduced at that level and 

infiltrated with a mixture of 2% lignocaine and adrenaline. An 

18-mm paracentral incision, 1 cm from the midline is taken 

and serial dilatation up to 18 mm using tubular dilators is done 

and a tubular retractor is docked (Figure 4). We perform a lami-

notomy at the affected level, preserving the facet joint, using a 

Figure 1. Schematic representation of stenosis in the sagittal 
plane (A) and the axial plane (B). (C) Stenosis in the coronal 
plane.
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pneumatic burr and a microscope (Figure 5). The lateral mar-

gin of decompression is the pedicle or lateral edge of the dural 

sac. To avoid neural injury during the contralateral decom-

pression, one must preserve the ligamentum flavum covering 

the thecal sac on the ipsilateral side. Then the contralateral 

side is addressed by manipulating and angling the tube and 

microscope. For contralateral decompression the “wishbone” 

portion of the cephalad and caudal lamina, i.e., the junction of 

the lamina with the spinous process should be resected (Fig-

ure 6). Then the contralateral ligamentum flavum is resected. 

Sometimes, a dura dissector is used to peel off the underlying 

OLF off the dura. The same procedure is done on the ipsilateral 

side. By repositioning, angling, and manoeuvring the tubular 

retractor and microscope, we were able to obtain a wide view of 

the spinal canal with proper illumination and thus increasing 

the safety of the procedure. 

3. Ethics Approval 

Ethics clearance was obtained from the respective Ethics 

Board of each Institute that participated in the study. Informed 

consent was obtained from all individual participants included 

in the study. Patients signed informed consent regarding pub-

lishing their data and photographs. 

RESULTS 

The mean age of the patients was 59 years. There were 9 

males and 3 females. The average duration of symptoms was 8.6 

months. The average follow-up period was 15.4 months. 

1. Patient Assessment 

All the patients had single affected vertebral level in the lower 

thoracic spine. The patients were evaluated in terms of Nurick 

Figure 2. (A, B) Preoperative axial T2-weighted magnetic reso-
nance image showing spinal cord compression at T10–11 level. Figure 3. (A, B) Postoperative axial T2-weighted magnetic res-

onance image showing a well-decompressed canal.

Figure 4. (A) Intraoperative lateral C-arm image of a tubular retractor docked at the respective level. (B) An 18-mm-diameter tu-
bular retractor docked at the operative level. (C) Clinical image of tubular retractor docked.
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grading presurgery and postsurgery at final follow-up. The im-

provements are tabulated below (Table 1).

2. Outcome 

The most commonly affected level noted in the present study 

was T8–9. The mean preoperative Nurick score was 3.83 while 

the mean postoperative Nurick score was recorded as 1.5. An 

Table 1. The demographic data, outcomes in terms of Nurick scores, and complications 

No. Age (yr) Sex Preoperative 
Nurick grade

Postoperative 
Nurick grade Level(s) affected Symptom duration 

(mo) Co-existing stenosis Complications Follow-up

1 47 M 4 2 T9–10 10 None None 1 Year
2 56 F 2 1 T8–9 4 L4–5–6 None 11 Months
3 67 M 4 1 T10–11 2 L3–4–5 None 18 Months
4 48 M 4 1 T8–9 1.5 None None 2 Years
5 72 M 5 3 T11–12 4 L4–5, C3–4, 5–6 Hematoma 15 Months
6 65 F 4 1 T10–11 12 None None 1 Year
7 60 M 3 1 T11–12 9 None None 1 Year
8 70 F 4 2 T12–L1 12 C4–5 None 2 Years
9 57 M 4 1 T11–12 15 C5–6 None 2 Years
10 51 M 3 1 T5–6 9 None None 18 Months
11 55 M 4 1 T9–10 10 None None 1 Year
12 60 F 5 3 T8–9 15 L3–4 Paraparesis 15 Months

Figure 6. Schematic representation of docking in the plane 
(A) and the axial plane (B). Unilateral laminotomy and contra-
lateral decompression (C).

Figure 5. Schematic representation of the tube docking in the 
axial plane (A) and the relative size of laminotomy (B).
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obvious improvement in the outcome was noted in terms of 

Nurick scoring. 

3. Intra- or Postoperative Complications 

There were no serious postoperative complications. All pa-

tients were mobilized out of bed with or without assistance on 

the same day of surgery. An aggressive physiotherapy protocol, 

tailor made to each patient was administered and strict adher-

ence was reinforced. One patient had a postoperative hemato-

ma on day 4 after the surgery, as evidenced by power loss and 

increasing numbness. It was confirmed with a postoperative 

MRI. The hematoma was evacuated through same incision. 

The final outcome was uneventful. However, the patient re-

quired a prolonged hospital stay.  

4. Co-existing Stenosis  

Out of 12 patients, four patients had co-existing stenosis at 

lumbar level also; 2 patients had co-existing stenosis at cervical 

level and 1 patient has co-existing stenosis at lumbar and cervi-

cal level, which did not require addressal. 

DISCUSSION 

OLF is a well-known cause of progressive thoracic myelop-

athy. Plogar first reported OLF using lateral radiographs in the 

1920s; Yamaguchi described it as thickened/ossified ligamen-

tum flavum [8]. It commonly involves lower thoracic spine (T9– 

12) with upper thoracic spine (T1–4) being the next common 

site which are the junctional areas [9]. The natural course and 

prognosis of OLF are still unclear, but good surgical results are 
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expected even in patients who already show myelopathy [2]. 

The duration of preoperative symptoms and preoperative se-

verity of myelopathy have been shown to be important factors 

in the prognosis [10]. 

Open surgical decompression with laminectomy has been 

considered the gold standard for patients suffering from the 

disabling symptoms of thoracic stenosis [11,12]. It gives an 

excellent and wide field for excision of the pathology. In mul-

tilevel cases, extensive removal of the posterior elements may 

destabilize the spine necessitating instrumentation and fusion. 

Laminoplasty in these cases may be tried, but is technically 

difficult in those cases where the dura is adherent to the liga-

menta flava [12]. Okada et al. [13] reported several patients in 

whom post laminectomy deterioration secondary to increased 

kyphotic deformity of the thoracic spine. The resection of the 

posterior elements and the facet joints compromises spinal 

stability. Hence, a minimally invasive approach using a tubular 

retractor system preserves the posterior elements and theoret-

ically reduces the chance of instability. Microendoscopic de-

compression aims to expand the canal diameter by unilateral 

laminotomy approach for bilateral decompression. Microendo-

scopic decompression has been widely used in the treatment 

of lumbar spinal stenosis. In this respect, applications Micro-

scopic Tubular Decompression to the thoracic spine may be a 

useful alternative to traditional open decompression. 

The intraoperative docking of the tube at the disc level is 

particularly important. Unlike the lumbar spine or the cervi-

cal spine, localization of the correct level is often tricky in the 

thoracic spine and wrong level exploration is a possibility [14]. 

The advantages of the tubular retractor in minimizing the inci-

dence of wrong level surgery are well established [15]. The tube 

is docked such that the region from the inferior aspect of the 

superior pedicle (for example, T9 in case one is performing T9– 

10 decompression) to the superior aspect of inferior pedicle 

(T10) is within the confines of the tube. This will allow decom-

pression of that part of the canal in the region of the facet joints 

which is the site of stenosis. Unlike in the lumbar spine where 

due skilful diligence is required in ensuring a thorough decom-

pression of the canal without harming the integrity of the facet 

joints, the stability provided by the rib cage allows the surgeon 

to decompress more liberally in the region of the thoracic facet 

joints to ensure adequate decompression [16]. The short disc 

heights in the thoracic spine as well as the degenerative chang-

es in the segment further add to the stability of the segment in 

spite of an overzealous decompression. The laminotomy be-

gins medially and is extended laterally onto the facet joint until 

the lateral margins of the dura are visualized. An excellent visu-

alization of the surgical field is obtained with the magnification 

and illumination provided by the microscope. 

However, the thoracic canal is narrower than the lumbar 

canal. Subsequently, the work corridor is less and careful han-

dling of instruments and the drill becomes imperative. Also, 

while in lumbar region, where one just has to retract the dura 

during the procedure, in the thoracic region, due to the pres-

ence of the spinal cord; one has to be careful and meticulous 

while manipulating the instruments through the corridor. 

The estimated blood loss, operative time, hospital stay, post-

operative pain in our series were similar to that seen in lum-

bar MTD. Thus, the technique offers several advantages over 

conventional open procedures. The use of tubular retractor 

minimizes muscle dissection and muscle trauma. During the 

procedure we undercut the inferior spinous process, leaving 

the posterior tension band in place and thus minimizing dis-

ruption to the supraspinous ligament, interspinous ligament, 

and paraspinal muscle. Preservation of these structures hypo-

thetically reduces the possibility of the development of kyphot-

ic deformity. Thus, this technique aims to achieve an adequate 

decompression of the neural structures while minimizing sur-

gical damage to the posterior stabilizing structures. It preserves 

the facet joints as well as the neural arch of the contralateral 

side to shield the neural structures against posterior scarring. 

It also preserves the ligamentous structures that function as a 

mechanical strut in the movement of the spine, thereby allow-

ing improved postoperative muscle function. Unlike lumbar, in 

thoracic the decompression is at spinal cord level so this tech-

nique needs high degree of accuracy and learning curve. Since 

MTD is highly demanding, multilevel decompression through 

tubes will causes surgeon fatigue. Also, it is not advisable in 

cases where there is an associated dural ossification because of 

technical difficulties with associated high risk of dural rupture 

CONCLUSION 

In patients with thoracic spinal stenosis secondary to OLF, 

the goal of surgical decompression to remove the hypertro-

phied tissue safely and effectively can be achieved by MTD. 

MTD allows a magnified surgical field while minimizing the 

disruption to surrounding soft tissue and bone structures and 

allows complete decompression of the spinal cord with min-

imal alteration to the biomechanical strength of the vertebral 

column. The alleged advantages of tubular decompression in 

lumbar levels viz. decreased blood loss, reduced hospital stay, 

early mobilization, less muscle injury etc. are also applicable 

in this scenario. Rapid recovery from the surgical treatment is 
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a potential advantage of this approach. The high prevalence 

of postoperative back pain associated with conventional total 

laminectomy with or without fusion could be dodged by this 

approach. However, long-term follow-up is needed to confirm 

these results as every decompressive procedure bears the risk 

of secondary instability and being a single center retrospective 

analysis, it may not be reproductible, and more studies should 

be suggested. 
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INTRODUCTION 

Degenerative spondylolisthesis (DS) is an acquired anterior 

displacement of one vertebra over the subjacent vertebra in the 

sagittal plane, associated with degenerative changes such as 
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facet arthropathy, ligamentous malfunctions or disc degenera-

tion, without an associated disruption or defect in the vertebral 

ring [1-4]. Symptoms from DS range from none to, occasional 

low back pain (LBP) to incapacitating mechanical back pain as-

sociated with radiculopathy from nerve root compression and/
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or neurogenic claudication [5]. Surgical treatment in indicated 

once conservative measures fail [6,7]. 

DS most commonly affects the L4–5 level [8] due to the anat-

omy of the facet joints and biomechanical load distribution 

across the L4–5 segment. Grades I and II slips as per the Myerd-

ing classification are more common than high grade slips (III 

and above) [9,10]. In most cases, activity modification, analge-

sics and intermittent bracing are sufficient to control symptoms 

[1,2,11]. However, it has been estimated that 10% to 15% of 

patients seeking treatment will eventually have surgery [11]. 

Currently, there is widespread variation in the surgical mo-

dalities used to manage this heterogeneous condition, with 

factors such as patient age, medical comorbidities, occupation, 

clinical symptoms [11], imaging findings of ‘dynamic instabili-

ty’ [12] and surgeon preference all influencing the management 

strategy [11,12]. Surgical interventions can be broadly classified 

into decompression alone or decompression with fusion (pos-

terolateral fusion/interbody fusion) when obvious dynamic 

instability is present [12,13]. Although the conventional open 

techniques of decompression (which involve laminectomy) 

remain the gold standard of treatment [12,14], problems with 

paraspinal musculature denervation [15] and possibility of sec-

ondary lumbar instability [16] and creation of dead space [17] 

resulted in increased interest in less invasive techniques [18-22], 

with reported noninferior clinical outcomes [21,22]. Among 

them, the minimally invasive surgical (MIS) decompression 

via a unilateral laminotomy with bilateral decompression—the 

‘over-the-top’ approach, is thought to be less destabilizing than 

all other techniques [23-26]. 

MIS with unilateral laminotomy has been associated with 

higher patients’ satisfaction, reduced likelihood of slip pro-

gression, and reduced reoperation and secondary fusion [21] 

compared to standard open techniques of decompression. 

Even in cases that required fusion, minimally invasive fusion 

was found to have less hospital stay, less intraoperative blood 

less and rates of transfusions [27,28], improved muscle bulk 

[29], less postoperative narcotic use [30] along with comparable 

functional outcomes [27,28,30]. 

While several innovations and techniques exist to perform 

less invasive decompressions, including subarticular fenestra-

tion and multiple laminotomies [19-21], microscopic decom-

pression [25,31] and tubular decompression [32-35], the aim 

of this study is to report our outcomes of microscopic-assisted 

decompression in first-degree symptomatic DS cases through 

over-the-top technique, particularly regarding clinical improve-

ment and radiological progression of instability. Despite the 

presence of similar published reports regarding the same tech-

nique [24-26], the existing prospective studies were few and the 

results were nonconsistent specially regarding slip progression. 

We aim to present a prospective case series performed by the 

same surgeons, which could add to the available evidence re-

garding this approach, highlight the specific indications of the 

procedure; and revisit the surgical technique, which can affect 

the clinical and radiographic outcomes. 

MATERIALS AND METHODS 

After obtaining an Institutional Review Board (IRB) approval, 

22 consecutive patients, between April 2017 and December 

2020 with spinal canal stenosis associated with first-degree DS 

were included in this prospective study 

1. Inclusion Criteria 

- Patients with spinal canal stenosis 

- Presence DS (grade I) 

-  Radiculopathy or neurogenic claudication are the main 

complaint (no or mild LBP)  

- Failed conservative treatment for at least 3 months 

All the patients received conservative treatment primarily, 

in the form of analgesics, intermittent bracing and therapeutic 

physical therapy program (postural instruction, lumbopelvic 

mobilization exercises, and a flexion-based exercises) [36]. Five 

patients received additional epidural steroid injection with no 

improvement. 

2. Exclusion Criteria 

- Patients grade II and above spondylolisthesis 

-  Patients with unstable spondylolisthesis in radiographs. 

Unstable spondylolisthesis was defined as gross segmental 

motion or anteroposterior translation on static end-range 

flexion and extension lateral radiographs of greater than 2 

mm [37-39]. 

-  Patients with any associated lytic spondylolisthesis (isthmic 

spondylolisthesis) 

-  Patients with considerable LBP (moderate to severe) ac-

cording to numerical pain rating scale (NPRS) for LBP 

(above 6) 

- Patients with foraminal stenosis 

Patients who met the inclusion criteria were evaluated ra-

diologically through standard anteroposterior, lateral neutral, 
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flexion and extension plain radiographs as well as lumbosacral 

magnetic resonance imaging. A thorough physical exam was 

performed, and neuromuscular sensory and motor evaluation 

was completed. Outcomes data including the NPRS scale [40] 

for back and leg pain (1–10) and the Oswestry Disability Index 

(ODI) and the Japanese Orthopaedic Association Back Pain 

Evaluation Questionnaire (JOABPEQ) [41] scoring system were 

collected. 

3. Surgical Technique 

Surgical technique has been performed based on the original 

description of the approach [23-25]. After obtaining a written 

informed consent, patients were brought to the operating 

room and general anaesthesia was induced. Patients were then 

transferred to the operating table in a prone position. Level 

was identified by C-arm imaging and a midline 2-cm incision 

was made. The lumbodorsal fascia was unilaterally opened on 

the more symptomatic side and dissection was carried down 

subperiosteally to the intended surgical level. Laminae of the 

adjacent vertebrae were exposed and the interlaminar window 

was cleaned until the yellow ligament (ligamentum flavum) is 

identified. Self-retaining retractors were placed and standard 

ipsilateral laminotomy was performed under microscopic 

magnification. The scope is then angulated, and the bed tilted 

contralaterally to the deepest portion of interspinous ligament 

to allow the posterior surface of the contralateral ligamentum 

flavum to be seen. A probe is used to confirm that the anterior 

surface of the ligamentum is free from adhesion to the dura and 

the ligamentum is then resected from above downwards and 

medial to lateral. After confirming that exiting and traversing 

roots are well decompressed on both sides the wound is closed 

in layers and subcutaneous tissues are injected with a long-act-

ing local anaesthetic to reduce incisional pain. Adjacent stenot-

ic levels if present were addressed similarly. 

Early return to ambulation and normal activities of daily liv-

ing is encouraged. Postoperative rehabilitation was performed 

by a formal physiotherapy program that begins core muscle 

stabilization and aerobic activities after 1–2 weeks. Patients 

were followed at week 2, 6, and 12 postoperatively and then 

scheduled for follow-up biannually. Outcomes data collected 

included NPRS for back and leg pain, JOABPEQ, ODI. At the 

final follow-up, all patients were asked if they were satisfied 

after doing the surgery with 3 options for answers either; fully 

satisfied, partially satisfied, or not satisfied at all. Radiological 

follow-up was done with dynamic radiographs on biannual ba-

sis. Analgesics were prescribed for 2-4 weeks after surgery.  

RESULTS 

Patients were 13 males and 9 females with an average age of 

66.7 years (range, 55–79 years). Mean duration of symptoms 

was 14.8±11.6 months. Surgery was done on 2 levels in 5 cases, 

where stenosis was present significantly in 2 levels, and discec-

tomy was done on 2 cases where significant disc prolapse was 

present (Figure 1). Spondylolisthesis was present in L4/5 level 

in 20 cases, and 2 cases were involving L3/4 level. The average 

operation time was 55±7.95 minutes, average blood loss was 

72±21.96 mL, and average hospital stay was 1.9±0.57 days. 

No intraoperative complications were detected. The mean 

follow-up was 49.3 months (range, 24–67 months). At the last 

follow-up, 13 patients reported to be fully satisfied, 7 patients 
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Figure 1. Preoperative PXRs (A, B) and MRI (C, D) of a 64-year-old female with first-degree degenerative spondylolisthesis and 
symptoms of lumbar canal stenosis. Decompression was performed in 2 levels (L3–4 and L4–5) with excision of the far lateral disc 
protrusion. (E, F) Follow-up PXRs 26 months postoperatively, showing no progression of instability on dynamic views. PXR, plain 
x-ray; MRI, magnetic resonance imaging.
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reported to be partially satisfied while 2 patients (9%) were not 

satisfied at all and all required revision formal posterior decom-

pression and transforaminal lumbar interbody fusion (TLIF) 

due to nonresolution of leg pain and claudication. At the final 

follow-up, the mean lower limb pain NPRS scores changed 

from 8.35±1.19 preoperatively to 1.6±1.1 (p<0.00001) while the 

mean LBP NPRS scores changed from 3.4±1.7 preoperatively 

to 0.95±0.92 at the final follow-up (p<0.00001) (Figure 2). The 

mean preoperative ODI score was 66.8%±8.3%, decreasing to 

25%±4.9% at the final follow-up (p<0.00001). Regarding the 

JOABPEQ, significant improvement in all ODI components was 

noticed at 1-year follow-up (Table 1). 

One patient had superficial wound infection that was man-

aged conservatively. At the final follow-up, no progression of 

the degree of slip was noticed, and all the patients had stable 

dynamic radiographs (Figure 1, 3). 

DISCUSSION 

This prospective study investigates the clinical and radio-

logical outcomes of minimally invasive microscopic-assisted 

decompression surgery in management of spinal canal stenosis 

associated with grade 1 DS cases. After a mean follow-up of 49.3 

months, good to excellent outcomes have been achieved in 20 

cases (91%) while 2 cases (9%) required revision with TLIF. 

Most cases of spinal stenosis associated with first-degree DS 

are managed conservatively with good results [1,2]. For those 

who require surgery, decompression and instrumented fusion 

has been one of the most chosen surgical approaches. Fusion 

surgery has its own demerits including but not limited to longer 

recovery, potential for complication from hardware placement, 

pseudoarthrosis or adjacent segment degeneration, to name a 

few [22,42]. 

To avoid the issues related to fusion surgery, various surgical 

techniques for decompression surgery, without fusion have 

been described in cases of symptomatic canal stenosis and 

stable spondylolisthesis, with overall satisfactory clinical results 

[24-26], yet slip progression after surgery, and hence the need 

for revision surgery remains a potential drawback after a non-

fusion surgery for spondylolisthesis [43,44]. With improvement 

of surgical instruments and techniques, the use of surgical mi-

croscopy allows for utilization of smaller incision, and less soft 

tissue and bony violation during the decompression surgery 
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Figure 2. Postoperative improvements in lower limb pain (LLP) 
and low back pain (LBP) numerical pain rating scale (NPRS) 
scores.

Table 1. Japanese Orthopaedic Association Back Pain Evaluation 
Questionnaire scores 

Variable Preoperative Last follow-up p-value
Low back pain 34.1±  28.7 88.75±9.6 <0.00001
Lumbar function 44.25±25.7 81.15±13.48 <0.00001
Walking ability 14.1±10.1 87.9±12.46 <0.00001
Social life function 20.9±11.3 69.45±10.22 <0.00001
Mental health 26.9±9.6 56.75±7.37 <0.00001

Values are presented as mean±standard deviation.

Figure 3. Preoperative PXRs (A, B) and MRI (C, D) of a 55-year-old man with first-degree L4–5 degenerative spondylolisthesis and 
symptoms of lumbar canal stenosis. Decompression was performed at one level (L3–4 and L4–5) with excision of the far lateral 
disc protrusion. (E, F) Follow-up PXRs 35 months postoperatively, showing no progression of instability on dynamic views. PXR, 
plain x-ray; MRI, magnetic resonance imaging.
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[45], which may result in a "more stable" decompression that 

could potentially decrease the incidence of postoperative insta-

bility and revision surgery. 

Several studies have reported about the clinical outcomes of 

microscopic, assisted decompression in low grade spondylolis-

thesis [23-26,44-48]. Following this technique, some reported 

no significant slip progression in short to midterm follow-up 

[24,26,47], while others reported significant slip progression 

[44,45]. Minamide et al. [44] reported significant clinical im-

provement while slip progression occurred in 19 of 242 cases 

(7.9%). Jang et al. [46], reported a slip progression in 7 of 21 

cases (33%). Nakanishi et al. [26] reported mild increased mean 

slip angle postoperatively in static but not in dynamic views. 

They reported that overall slip progression was insignificant. As 

for reoperation rate, Müslüman et al [24] reported that one case 

(1.2%) from his 84 cases series required fusion surgery. 

Compared to microscopic decompression, formal open 

decompression without fusion was reported to cause postop-

erative instability incidence reaching 26%, as reported by Inose 

et al. [49]. Interestingly, they reported the same percent of slip 

progression among decompression plus stabilization group 

(without fusion). In a metanalysis published by Scholler et al 

[21], minimally invasive decompression was found to result in 

lower reoperation and fusion rates, less slip progression, and 

greater patient satisfaction than open surgery. 

Our clinical results were comparable to the above reported 

studies- in terms of clinical improvement, while none of our 

cases showed significant slip progression. Two of our cases re-

quired formal decompression and fusion due to worsening of 

leg pain and LBP. These 2 cases were one of our first few cases, 

which certainly can be attributed to surgical technique as we 

progressed along the learning curve. Our study shows much 

better results (blood loss, operative time, and hospital stay) in 

comparison to fusion techniques, as would be expected with 

decompression only surgery [13,14,16]. 

We have several limitations in our study; the limited number 

of patients, short period of follow-up, and absence of control 

group. A comparative randomized study with longer term fol-

low-up and larger number of cases would be ideal to assess the 

success of the technique, especially in regarding the occurrence 

of instability and the need for revision. 

CONCLUSION 

We believe microscopic decompression using "over-the-top 

technique" is a viable option for patients with grade I DS and 

spinal stenosis with predominant leg pain symptoms. It allows 

for smaller incision, shorter hospital stay, minimal wound 

complications and overall good clinical outcomes without in-

creasing the risk of instability. Future research should focus on 

long term outcomes of this technique. 
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INTRODUCTION 

Adult spinal deformity (ASD) is a significant source of mor-

bidity and reduced quality of life. Its incidence and prevalence 

have risen in recent decades, as developed countries experi-

ence increased lifespans and greater average population age [1]. 

Consequently, more deformity surgeries are being performed in 

older, sometimes frailer patients with good long-term outcomes; 
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but concerns regarding perioperative morbidity remain [2].  

To address this need, minimally invasive (MIS) techniques 

have been applied to ASD with growing popularity, in particu-

lar for patients who may not tolerate long, open surgeries with 

elevated blood loss and general anesthetic times. In 2014, the 

minimally invasive deformity (MISDEF) algorithm was intro-

duced to guide spine surgeons in selecting appropriate candi-

dates for MIS ASD correction [3]. Subsequently, the MISDEF2 
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algorithm was developed to incorporate new surgical capabili-

ties allowed by advancing MIS techniques [4]. Durable clinical 

and radiographic improvements have been demonstrated after 

MIS ASD correction [5]. 

A staged approach to MIS ASD correction has been described 

previously [6]. In these cases, some surgeons obtain interstage 

imaging. However, the indications for interstage imaging, the 

studies obtained, and the impact on surgical plans have not 

yet been described. In this study, we reviewed our institution’s 

staged MIS deformity cases to characterize trends in interstage 

imaging. 

MATERIALS AND METHODS 

We identified patients who had undergone staged MIS ASD 

correction at Rush University Medical Center by 3 specialized 

spinal neurosurgeons. Stage I surgeries entailed interbody fu-

sion via anterior lumbar interbody fusion (ALIF) and/or lateral 

LIF (LLIF). Stage II surgeries entailed posterior MIS pedicle 

screw placement as well as decompression or posterior MIS 

osteotomies (grade 1 – facetectomies, or grade 2 – Ponte) when 

indicated, that were performed via a tubular working channel. 

We collected data regarding demographics, medical comorbid-

ities, operative characteristics, and radiographic measurements 

preoperatively, interstage, and postoperatively. 

At each of these timepoints, we reviewed standing 36-inch 

scoliosis films. Using standard methods, we measured pelvic 

incidence (PI), lumbar lordosis (LL, L1-S1), lower lumbar lor-

dosis (LLL, L4-S1), PI-LL mismatch (PI-LL), pelvic tilt (PT), 

sacral slope (SS), sagittal vertical axis (SVA), C7-central sacral 

vertical line (C7-CSVL), major coronal Cobb angle (i.e., the 

Cobb angle between terminal vertebra of the deformity in the 

coronal plane), lumbar coronal Cobb angle, and the change in 

these measurements between timepoints. Angular measure-

ments are given in degrees; linear measurements are given in 

millimeters. 

We performed statistical analyses by Student t-test for con-

tinuous variables (shown as mean±standard deviation) or 

chi-square test for categorical variables (shown as No. [%]), as 

appropriate. Comparisons were considered statistically signif-

icant for p≤0.05. This study was approved by the Institutional 

Review Board (IRB) of Rush University Medical Center  (IRB 

No. 21092202).

RESULTS 

We identified 33 patients from our institution who met the 

criteria for inclusion. The population characteristics are giv-

en in Table 1. Average age was 67.0±7.0 years. Roughly half of 

the patients were female (54.5%). On average, patients were 

hospitalized for 7.6±2.0 days in total, with a median 2±1.6 days 

between stages. Final radiographic follow-up was at 21.8±25.0 

months postoperatively (after stage II). 

Operative details are given in Table 2. On average, stage I sur-

geries spanned 4.0±0.9 disc levels, with a fairly even distribu-

tion of ALIF/LLIF across patients. Stage II surgeries spanned an 

average 6.1±1.4 instrumented vertebral levels, with fewer levels 

requiring decompression and/or osteotomy. On average, final 

constructs spanned from L1±1.3 levels to S1±0.7 levels. Across 

the sample, 45.5% of constructs extended to the thoracic spine 

rostrally, and 9.1% included the pelvis caudally. 

Five patients sustained surgical complications. In 1 patient, 

an L1 compression fracture was sustained during stage I, noted 

Table 1. Population characteristics (n=33) 

Characteristic Value
Age (yr) 67.0±7.0
Female sex 18 (54.5)
Smoking 15 (45.5)
Coagulopathy 5 (15.2)
Cardiovascular disease 8 (24.4)
Reoperation 7 (21.2)
Hospital LOS (day) 7.6±2.0
Interstage period (day) 2.7±1.6
Radiographic follow-up (mo) 21.8±25.0

Values are presented as mean±standard deviation or number (%).
LOS, length of stay.

Table 2. Operative characteristics and hospital course 

Characteristic Value
Stage I
 Total levels 4.0±0.9
 ALIF 1.8±0.5
 LLIF 2.6±0.9
 Complications 4 (12.1)
Stage II
 Instrumentation 6.1±1.4
 Decompression 0.3±0.6
 Osteotomies 0.7±0.9
 Complications 1 (3.0)
Postoperative course
 90-Day complications 9 (27.3)
 Revision surgeries 2 (6.1)

Values are presented as mean±standard deviation or number (%).
ALIF, anterior lumbar interbody fusion; LLIF, lateral lumbar interbody fu-
sion.
The levels shown for stage I are disc levels and the levels shown for stage 
II are vertebral levels.

https://doi.org/10.21182/jmisst.2023.00759S86

John Paul G. Kolcun, et al.    MIS Deformity Interstage Imaging



on interstage imaging. In another patient, there was a renal 

injury during the stage I lateral approach. This patient was 

monitored after stage I and ultimately cleared by urological 

surgery to proceed for stage II. In another case, a misplaced 

screw during the stage II procedure violated the pleura, result-

ing in a small pneumothorax which was monitored and did 

not require intervention. One patient sustained large-volume 

venous bleeding during a stage I procedure, but no source of 

bleeding was identified, leading to procedure abortion. Final-

ly, one patient sustained a chin pressure ulcer during stage II. 

Nine patients sustained postoperative complications within 90 

days of surgery. These included 2 superficial wound infections 

(one required revision) and one early screw pullout requiring 

revision; otherwise, these represented medical complications 

(e.g., venous thrombosis, postoperative encephalopathy, ileus).  

We obtained interstage magnetic resonance imaging (MRI) 

in 17 patients (51.5%). There were no interstage MRIs obtained 

for unplanned indications. Of these 17 patients, only 7 were 

judged to require posterior decompression during stage II 

(41.2%) with the other patients gaining satisfactory indirect 

decompression from the stage I interbody procedures. Among 

the 16 patients without interstage MRI, 3 underwent planned 

posterior decompression during stage II (18.8%). 

Sagittal parameters are detailed in Table 3. At baseline, 

our cohort had a PI-LL mismatch of 21.8±13.1 and an SVA 

of 58.0±50.0. Absolute values of PI-LL and LL significantly 

improved at interstage imaging (both p<0.01). There was no 

significant difference in absolute sagittal parameters between 

interstage and postoperative timepoints. PI-LL decreased by 

11.2±14.9 after stage I, a significantly greater change than after 

stage II (+1.8±9.3, p<0.001). Similarly, LL increased by 10.1±13.0 

after stage I, a significantly greater change than after stage II 

(-1.4±9.2, p<0.001). Serial sagittal measurements from a repre-

sentative case are shown in Figure 1. 

Coronal parameters are detailed in Table 4. At baseline, 

our cohort had a C7-CSVL of 13.3±34.0 mm, global Cobb of 

18.1° ±14.9°, and lumbar Cobb of 16.0°±12.3°. The values did 

not change significantly after stage 1. However, both global 

and lumbar Cobb significantly decreased after stage II (both 

p<0.05). Serial coronal measurements from a representative 

case are shown in Figure 2. 

Among the authors of this study, all surgeons stage MIS de-

formity corrections, and all obtain routine interstage imaging. 

All authors obtain standing scoliosis films to assess correction 

and for stage II planning. Two authors will obtain MRI to assess 

the need for further decompression during stage II, as needed 

(the remaining author obtains computed tomography). Our 

authors state that interstage imaging changes stage II plans 

“rarely,” “in 25% of cases,” and “in about 50% of cases,” respec-

tively. 

DISCUSSION 

This is the first study to characterize the role of interstage 

imaging in MIS ASD correction. We report the detailed experi-

ences of senior spinal neurosurgeons at a major academic cen-

ter, including their standard practices as well as the results and 

impact of interstage imaging. 

Many spine surgeons stage MIS ASD procedures. If the MIS-

DEF2 algorithm is followed, stage I typically consists of an an-

terior and/or lateral interbody approaches to mobilize the op-

erative vertebral segments and to introduce interbody devices 

for sagittal/coronal correction, indirect neural decompression, 

and interbody arthrodesis. Infrequently, some surgeons may 

Table 3. Sagittal parameters 

Variable LL (°) L4-S1 lordosis (°) SS (°) PT (°) PI-LL mismatch (°) SVA (mm)
Baseline 33.2±15.5 29.9±15.9 28.1±10.6 27.3±7.7 21.8±13.1 58.0±50.0
Interstage 43.0±9.9 33.2±9.3 32.2±8.6 20.7±8.3 11.0±12.8 60.0±45.3
 p-valuea) 0.004 0.309 0.092 0.002 0.002 0.872
Postoperation 42.0±9.4 28.8±9.5 30.6±10.2 24.4±8.8 12.0±12.3 46.4±40.5
 p-valueb) 0.668 0.059 0.489 0.096 0.751 0.264
Interstage Δ 10.1±13.0 3.3±14.1 4.1±10.9 -6.5±7.5 -11.2±14.9 -2.1±52.3
Postoperation Δ -1.4±9.2 -4.4±11.5 -1.9±9.0 3.8±6.3 1.8±9.3 2.4±38.5
 p-valuec) <0.001 0.017 0.02 <0.001 <0.001 0.749

LL, lumbar lordosis; SS, sacral slope; PT, pelvic tilt; PI-LL, pelvic incidence-lumbar lordosis; SVA, sagittal vertical axis; interstage Δ, change between base-
line and interstage; postoperation Δ, change between interstage and postoperation.
p-values shown for comparisons of baseline vs. interstage valuesa), interstage vs. postoperation valuesb), and change between baseline and interstage vs. 
change between interstage and postoperationc), respectively.
First p-value represents comparison of baseline to interstage measurements, second p-value represents comparison of interstage to postoperation mea-
surements, final p-value represents comparison of degree of change from baseline to interstage, and from interstage to postoperation.
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Figure 1. Representative case: serial lateral axis scoliosis films with sagittal plane measurements. Standing lateral axis scoliosis 
films in a single patient preoperatively (left), interstage (middle), and at long-term follow-up 4 years postoperatively (right). Sag-
ittal plane alignment measurements are shown graphically, with values given in the in-set table. A, L1-S1 lumbar lordosis (LL); B, 
L4-S1 focal lordosis (L4-S1); C, pelvic incidence (PI); D, sacral slope (SS); E, pelvic tilt (PT); F, sagittal vertical axis (SVA).

Table 4. Coronal parameters 

Variable C7-CSVL (mm) Major Cobb (°) Lumbar Cobb (°)
Baseline 13.3±34.0 18.1±14.9 16.0±12.3
Interstage 10.5±32.8 13.5±10.6 12.6±10.3
 p-valuea) 0.748 0.177 0.246
Postoperation -0.3±31.2 7.5±6.3 7.1±6.5
 p-valueb) 0.213 0.012 0.016
Interstage Δ -9.5±30.0 -4.8±8.3 -3.8±10.3
Postoperation Δ -5.3±33.8 -5.5±6.6 -5.1±6.4
 p-valuec) 0.653 0.725 0.591

C7-CSVL, C7-central sacral vertical line; interstage Δ, change between 
baseline and interstage; postoperation Δ, change between interstage and 
postoperation.
p-values shown for comparisons of baseline vs. interstage valuesa), inter-
stage vs. postoperation valuesb), and change between baseline and inter-
stage vs. change between interstage and postoperationc), respectively.
First p-value represents comparison of baseline to interstage measure-
ments, second p-value represents comparison of interstage to postop-
eration measurements, final p-value represents comparison of degree of 
change from baseline to interstage, and from interstage to postoperation.

perform a posterior release as a first stage to allow facet mobili-

zation and anterior interspace distraction. This is less common 

today, and cases which would require this step are generally 

considered for open correction. In our cohort, both PI-LL and 

LL improved significantly from baseline on interstage imaging, 

as would be expected. Prior studies have shown that anterior/

lateral approaches can achieve up to 10 degrees of lordosis at 

the L5-S1 level and 5°–6° at each rostral level [7,8]. While ear-

ly MIS approaches struggled to achieve equivalent lordosis 

compared to open surgery, newer techniques such as anterior 

column realignment and expandable/hyperlordotic interbody 

devices have enabled significant sagittal correction with MIS 

surgery [9,10]. 

After interstage imaging and a brief recovery period (at our 

institution, generally 2 days between stages), stage II consists 

of posterior instrumented fixation, and MIS posterior osteoto-

https://doi.org/10.21182/jmisst.2023.00759S88

John Paul G. Kolcun, et al.    MIS Deformity Interstage Imaging



mies/decompression if needed. In our cohort, stage II was pri-

marily associated with significant changes in the coronal align-

ment. Specifically, both the global Cobb angle and the lumbar 

Cobb angle decreased compared to baseline measurements 

after stage II surgery. Coronal correction through conventional 

posterior approaches has been well documented in the liter-

ature. One study demonstrated a 76% correction in the Cobb 

angle via staged open surgery, with anterior releases followed 

by posterior osteotomies/decompression in patients with se-

vere rigid scoliosis [11]. Park et al. [12] compared a hybrid MIS/

open surgery to a circumferential MIS approach to ASD correc-

tion. The authors found a significant improvement in lumbar 

coronal Cobb angle in both groups, with a mean correction of 

13.5° in the hybrid group and 10.3° in the MIS group. In our se-

Figure 2. Representative case: serial anterior/posterior axis scoliosis films with coronal plane measurements. Standing anterior/
posterior axis scoliosis films in a single patient preoperatively (left), interstage (middle), and at follow-up 4 years postoperatively 
(right). Coronal plane alignment measurements are shown graphically, with values given in the in-set table. A, C7-central sacral 
vertical line difference (C7-CSVL); B, major Cobb angle across the span of the deformity; C, L1-S1 lumbar Cobb angle.

ries, we achieved an average 10.6° of coronal correction at final 

imaging, from a baseline 18.1° of global coronal malalignment. 

We believe these trends reflect appropriate patient selection for 

MIS ASD surgery. 

The option to stage MIS ASD correction remains at the dis-

cretion of the operating surgeon. This decision should address 

the surgeon’s comfort/capabilities and patient-specific factors 

which may favor same-day versus staged surgery. A similar 

protocol as presented in our study was previously described by 

Anand et al. [6] in 2017, in which these surgeries were staged 

several days apart to allow for mobilization and radiographic 

evaluation. Further investigation comparing staged versus 

open ASD correction and the subsequent role of interstage im-

aging across multiple institutions may better elucidate formal 
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indications for staging and obtaining interstage imaging. 

This study was a retrospective review of continuous patients 

at a single institution, with associated biases including a single 

patient population, institutional/hospital norms, and nonpro-

spective data collection reliant on chart review. By including 

patients treated by 3 surgeons, we hoped to introduce some 

heterogeneity in practice habits, thereby balancing some in-

stitutional bias. These limitations will be addressed with sub-

sequent detailed analysis of multi-institutional cases of staged 

MIS ASD surgeries, with or without interstage imaging. The 

present work establishes a feasible basis from which to design 

and conduct those future studies. 

CONCLUSION 

Staged MIS approaches for surgical ASD correction have 

become increasingly common in spinal surgical practice. In 

staged cases, our surgeons typically obtain interstage imaging, 

primarily standing scoliosis films. These studies inform final 

levels of instrumentation and the need for additional posterior 

osteotomies/decompression during stage II. Based on inter-

stage imaging findings, most sagittal correction occurs after 

stage I, while coronal correction occurs after stage II. 
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INTRODUCTION 

Conventional anterior approach (anterior cervical discec-

tomy and fusion or anterior cervical disc replacement) is well 

established surgical option for single or multilevel cervical 

spondylotic myelopathy due to its excellent clinical results and 

high fusion rate [1]. Though the anterior approach is widely 

used technique; it is associated with the access related sever-

al complications [2,3]. Full-endoscopic cervical discectomy 

consists of 2 approaches; anterior approach called as anterior 

full-endoscopic cervical discectomy while posterior approach 

called as posterior full-endoscopic cervical foraminotomy and 

Fully-Endoscopic Posterior Cervical 2-Level Foraminotomy 
With Total Pediculectomy for Adjacent-Level Foraminal 
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Although the conventional anterior approach is the gold-standard procedure for multilevel cer-
vical spondylotic radiculopathy, the fully-endoscopic posterior approach has recently become 
more popular. We present the case of a 73-year-old female patient with neck pain radiating to 
right shoulder and arm. The patient had adjacent-level cervical foraminal stenosis at C5–6 and 
C6–7 on right side and was managed with modified fully-endoscopic posterior foraminotomy at 
C5–6 and C6–7 with total pediculectomy of C6. The patient exhibited excellent clinical results, 
without any instability during long-term follow-up. Fully-endoscopic posterior cervical 2-level 
foraminotomy using total pediculectomy can be applied in patients for whom the anterior cer-
vical approach is contraindicated, with the added advantages of the minimally invasive posteri-
or approach. The technique has an extensive learning curve and needs to be selected according 
to the pathology. 
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discectomy (PECFD) [4,5]. Although, PECFD is less soft tissue 

destructive it is limited by its indications to the single level, 

paracentral and foraminal pathologies. We present probably 

first case report of adjacent-level cervical foraminal stenosis 

managed with full-endoscopic posterior foraminotomy and 

pediculectomy. 

CASE REPORT 

We present a case of 73 years’ female with neck pain radiat-

ing to right shoulder and arm in the last 3 months with a visual 

analogue scale (VAS) score of 5 for neck and 9 for arm. She 

Copyright © 2023 Korean Minimally Invasive Spine Surgery Society 
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was having multiple medical comorbidities and operated for 

carotid angioplasty in recent past. Clinically, cervical range of 

movements was grossly restricted with positive spurling test. 

The neurological examination revealed right hand grasp pow-

er weakness (grade 4) and sensory deficit along C6 distribu-

tion.  

Plain radiograph of cervical spine revealed degenerative 

spondylolisthesis C5 over C6. Computed tomography and 

magnetic resonance imaging scan examination revealed severe 

right cervical foraminal stenosis at level C5–6, C6–7 (Figure 

1). Patient was planned for full-endoscopic posterior cervical 

C5–6, C6–7 foraminotomy with right C6 total pediculectomy. 

Informed consent was obtained from all individual partic-

ipants included in the study. The patient and next of kin has 

given informed written consent for the submission of a case re-

port to the journal. Present case report complies with the CARE 

(CAse REports) 2013 guidelines. 

SURGICAL TECHNIQUE 

Patient was placed prone in reverse Trendelenburg position 

with neck in slight flexion under general anaesthesia. Surface 

marking was done under fluoroscopy and the target point is 

defined as “V” point which is lateral confluence of cranial and 

caudal lamina of a corresponding level. An 8-mm incision was 

made and obturator was introduced followed by bevel working 

cannula. The procedure Was performed using an endoscope 

with 30° optical angle, 7.3-mm outer diameter, and working 

channel 4.7-mm working channel (Joimax, GmbH, Karlshruhe, 

Germany). 

1. Posterior Endoscopic Cervical Foraminotmy 

The medial border of facet is identified and bony drilling 

started from the “V” point. The bony drilling was performed in 

a sequence from inferior border of cranial lamina to laminofac-

et junction followed by superior border of caudal lamina. It is 

performed with a 3.5-mm diamond tip high speed drill system 

(Primado, NSK, Nakanishi, Japan). The bony drilling continued 

until free margins of ligamentum flavum were seen. Ligamen-

tum flavum resected with the help of endoscopic Kerrison 

punch. Epidural bleeding controlled with a radiofrequency 

Figure 1. Preoperative imaging. (A) Plain radiograph (anteroposterior view) showing a carotid angioplasty stent on the right side. 
(B, C) Dynamic radiograph showing multiple cervical degenerative disc disease without instability. Computed tomography (sagittal 
[D], coronal [E], and axial cuts [F]) showing right C5–6 and C6–7 foraminal stenosis (orange arrow). Magnetic resonance imaging 
(sagittal [G] and axial cuts [H]) showing right C5–6 and C6–7 foraminal stenosis
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probe. It is also used to palpate the location and extent of pedi-

cle of caudal vertebra. 

2. Posterior Endoscopic Cervical Pediculectomy 

After completion of foraminotomy the working channel is 

rotated in caudal direction to locate the pedicle of caudal ver-

tebra. It is usually present in the axilla of exiting nerve root. The 

pedicle is circumferentially drilled up to posterior border of 

vertebra. Thin remnant shell of pedicle along with osteophytes 

were removed with bone cutter. The final C6 root to C7 root de-

compression is checked by observing capillary perfusion along 

the roots (Supplementary video clip 1). 

Patient’s pain improved to VAS score of 3 for neck and 1 for 

arm. Neck range of movements and neurology was improved 

completely during follow-up visits. post operative CT scan and 

MRI showed complete decompression of right C5-6 and C6-7 

foramen (Figure 2). One-year follow-up dynamic radiograph 

showed no exaggeration of spondylolisthesis or instability (Fig-

ure 3).

DISCUSSION 

The conventional anterior approach is considered as the 

gold-standard treatment for a degenerative cervical myelora-

diculopathy [1]. Though the procedure is associated with the 

Figure 2. Postoperative imaging. (A, B) Radiograph and 3-dimensional computed tomography (CT) scan showing foraminotomy 
with the pediculectomy site (blue arrow). CT scan (sagittal [C] and axial cuts [D]) showing right C5–6 and C6–7 foraminal decom-
pression (orange arrow). Magnetic resonance imaging (sagittal [E] and axial cuts [F]) showing right C5–6 and C6–7 foraminal de-
compression

AA

DD

BB

EE

CC

FF

https://doi.org/10.21182/jmisst.2023.00773S94

Hyeun-Sung Kim, et al.    Full-Endoscopic Posterior Cervical 2-Level Foraminotomy With Total Pediculectomy



high success rate; approach related complications are well 

documented in the literature [2,3]. Sometimes, the anterior 

approach can become difficult in case of previous anterior cer-

vical surgeries such as radical neck dissection, thyroidectomy 

or carotid angioplasty as in present case. It can be due to dis-

turbed normal anatomy of the neck and postoperative fibrosis 

or adhesions. The full-endoscopic approach for the cervical 

spine has evolved over last few decades with excellent clinical 

results [6-8]. Though it has many advantages such as minimal 

tissue damage with preservation of cervical motion segment; 

its indication is restricted for a single level paracentral to fo-

raminal disc herniations [9,10]. For the cervical central disc 

herniation motion various motion preserving approaches has 

been described in the literature. Nakai et al. [11] first described 

anterior transcorporal approach for difficult type of migrated 

disc herniation performed through small bony tunnel in the 

cervical vertebra. The ability of transcorporal approach to pre-

serve the motion segment has inspired many spine surgeons 

to try this approach with various modifications [12,13]. The 

transcorporal approach was technically demanding as it re-

quires exact location of the herniation and precise trajectory of 

the bone tunnel. Kim et al. [14] have described transpedicular 

approach for the difficult central type of disc herniation though 

posterior endoscopic approach. The controversy exists about 

the extent of medial facet joint which can be safely resected 

without causing postoperative instability or kyphosis. Accord-

ing to the study by Raynor et al. [15], 50% of medial facet can be 

resected during posterior cervical foraminotomy without caus-

Figure 3. One-year follow-up radiograph. (A) Anteroposterior view showing the pediculectomy site (blue arrow). (B, C) Dynamic 
radiograph showing no exaggeration of cervical instability.
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ing postoperative instability. In present case, we have resected 

nearly 50% of right side C5–6, C6–7 facet joint along with total 

C6 pediclectomy. Present case will be the first to report total 

cervical pediculectomy for the adjacent-level cervical foram-

inal stenosis. The key point of the technique is to maintain the 

accurate trajectory between 2 vital structures that is Cervical 

cord medially and vertebral artery laterally [16,17]. Concentric 

drilling of the pedicle with 3.5-mm diamond burr prevents its 

unexpected advancement and injury to the vital structures. The 

procedure was continuously monitored under fluoroscopy to 

ensure depth and trajectory of the drilling. The nerve root can 

be retracted to some extent to approach ventral disc herniation 

or osteophytes. The adjacent levels of a cervical spine can be 

decompressed through the single approach. Though, the pres-

ent technique is preserving the motion segment, overall sagittal 

alignment cannot be improved with the technique. The tech-

nique is lengthy and has long learning curve; hence should be 

reserved for the selected cases (Figure 4).

CONCLUSION 

The pediculectomy approach is relative safe and efficient 

technique for the adjacent-level cervical foraminal stenosis. 

The neural decompression under direct endoscopic vision with 

less damage to the motion segment can result in better clinical 

results. The procedure has a learning curve and to be consid-

ered based on the pathology. 
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Figure 4. Illustrative images of total pediculectomy for 2-level 
foraminal stenosis. (A) Preoperative view. (B) Fully-endoscopic 
approach.
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Supplementary Material 

Supplementary video clip 1 can be found via https://doi.

org/10.21182/jmisst.2023.00773.v001. 
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INTRODUCTION 

Proliferative myositis is indeed a rare, benign tumor that can 

resemble malignant conditions such as sarcoma due to its sud-

den onset and rapid growth [1]. While the exact incidence of 

proliferative myositis is unknown due to its rarity, it is generally 

observed more frequently in middle-aged adults but can occur 

at any age [1]. Typically, patients with proliferative myositis 

present with a solitary mass in the proximal limbs, shoulders, or 

arms, although rare cases involving the head and neck region 

have been reported [2,3]. We present a rare case of proliferative 

myositis in the erector spinae muscle which was initially mis-

taken as malignancy. To the best of our knowledge, there is no 

existing literature reporting proliferative myositis specifically 

developed in the erector spinae muscle. 

Proliferative Myositis of the Erector Spinae Mistaken for 
Malignancy 
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We report the case of a 56-year-old woman who presented with a enlarging, painful upper back 
mass that had developed 4 days ago. The patient was referred to the Emergency Department 
from a primary care facility after ultrasonography showed an ill-defined mass-like lesion in the 
back muscle with potential for malignancy. Magnetic resonance imaging and ultrasonography 
at Eunpyeong St.Mary’s Hospital revealed an ill-defined hypervascular lesion longitudinally ori-
ented in the left erector spinae. The initial differential diagnosis included an inflammatory mass 
such as proliferative myositis, sarcoidosis, low-grade lymphoma and low-grade infection. The 
patient underwent ultrasound-guided biopsy with pathology confirming proliferative myositis. 
Proliferative myositis is a rare benign proliferation of the skeletal muscles that can be mistaken 
for a malignancy due to its rapid progression. 
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CASE REPORT 

A 56-year-old female without comorbidity presented with 

sudden onset of mid-back mass, just to left of the midline at 4 

cm below the tip of the scapular bone. The mass grew rapidly 

over the period of 4 days accompanied by local tenderness and 

heat without discoloration. There was no history of trauma or 

iatrogenic injection. She denied having systemic inflammation 

signs such as fevers, chills or night sweats. A local physician re-

ferred her to our Emergency Department after ultrasonography 

showing an ill-defined mass-like lesion in the back muscle with 

potential malignancy (Figure 1). 

Laboratory finding including complete blood count, blood 

chemistry, and serum inflammatory markers such as eryth-

rocyte sedimentation rate and C-reactive protein were within 
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Figure 1. Local ultrasonography showing an ill-defined hyper-
echoic mass-like lesion with internal hypoechoic streaks in the 
back muscle.

Figure 2. Thoracic magnetic resonance imaging demonstrated a 2.5 × 2.5 × 6-cm ill-defined longitudinal swelling of the inner 
portion of the left erector spinae muscle with iso-signal intensity (SI) on T1-weighted images (A) and high SI on T2-weighted im-
ages (B) compared with the adjacent muscle. After gadolinium enhancement (C), diffuse enhancement of the mass and investing 
fascia, with preservation of the fascicular structure of the muscle, was identified.

normal range. The thoracic magnetic resonance imaging 

(MRI) scan demonstrated a 2.5 × 2.5 × 6-cm-sized an ill-de-

fined longitudinal swelling of the inner portion of left erector 

spinae muscle with low signal intensity (SI) on T1 and high SI 

on T2-wighted image compared with adjacent skeletal muscle. 

After gadolinium enhancement, the lesion showed diffuse en-

hancement with preservation of muscle fascicular structure.  

Thickening and enhancement of overlying fascia along the 

left flank were also noted (Figure 2). An initial differential di-

agnosis was an inflammatory mass of erector spinae muscle 

including proliferative myositis, sarcoidosis, low-grade lym-

phoma, fibromastosis, and other types of low-grade infection. 

On the ultrasound, the palpable mass was ill-defined hy-

perechoic lesion with internal hypoechoic streaks in the left 

paraspinal muscle with mild edema of investing fascia and 

mild increased vascularity. Ultrasound-guided biopsy was 

performed by a radiologist with 18 years of experience in mus-

culoskeletal radiology using 18-gauge Stericut needle (Figure 3). 

Microscopic examination revealed fibroblasts and myofibro-
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blasts surrounding individual skeletal muscle fibers creating 

the characteristic checkerboard pattern under hematoxylin 

and eosin stain at low magnification (×40, ×100; Figure 4). At 

high magnification, plump fibroblasts and myofibroblasts with 

collagenous stroma and occasional large ganglion-like cells 

with abundant amphophilic cytoplasm were observed (×400, 

Figure 5). Immunohistochemically, the atypical spindle cells 

were positive for actin, but negative for desmin and S-100 pro-

tein (Figure 6). The atypical cells also displayed cytoplasmic 

staining of beta-catenin, which can exclude possible desmoid 

fibromatosis showing nuclear beta-catenin staining (Figure 7). 

Based on these microscopic and immunohistochemical find-

ings, a diagnosis of proliferative myositis was made. 

Close observation with oral nonsteroidal anti-inflammatory 

drugs medication was performed at outpatient clinic. Com-

plete resolution of palpable mass was observed after 2 weeks. 

At 4-month follow-up, the patient was doing well with no 

evidence of recurrence. MRI with gadolinium enhancement 

demonstrated markedly decreased inflammatory lesion with 

minimal residual linear intramuscular edema at the left erector 

spinae muscle (Figure 8). 

Ethics statement: Written informed consent for publication 

was obtained from the patient. 

Figure 3. Sono-guided biopsy was performed in the fusiform ill-defined hyperechogenecity of left paraspinal muscle (A) by the 
experienced radiologist using 18-gauge Stericut needle (B).

Figure 4. A histologic examination of the lesion revealed fibroblasts and myofibroblasts surrounding individual skeletal muscle 
fibers, creating the characteristic checkerboard pattern (asterisk; hematoxylin and eosin stain, ×40 [A], ×100[B])
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Figure 5. At high magnification, the atypical spindle cells were 
plump fibroblasts and myofibroblasts with collagenous stroma. 
There were also occasional large ganglion-like cells (black ar-
rows) with abundant amphophilic cytoplasm (hematoxylin and 
eosin stain, ×400).

Figure 6. Immunohistochemical analysis of the atypical spindle cells showed positivity for actin (x100, A), but negativity for de-
smin (x100, B) and S-100 protein (x100, C).

Figure 7. Beta-catenin revealed cytoplasmic immunostaining 
without overt nuclear staining (x100).

DISCUSSION 

Proliferative myositis is a rare, benign tumor that can mimic 

malignant conditions such as sarcoma with its sudden onset 

and rapid growth [1]. According to the literatures, exact inci-

dence of proliferative myositis is unknown as it is a highly rare 

condition, however, it is generally agreed that it can occur at 

any age but is more frequently observed in middle-aged adults. 

Patients typically present with a solitary mass located in the 

proximal limbs, shoulders, or arms, however, in rare cases, head 

and neck region [2,3]. In the best of our knowledge, this is the 

first report of proliferative myositis developed on erector spi-

nae muscle in literature. Although several theories have been 

suggested, the etiology is yet unknown [1]. Some of the inciting 

factors proposed are muscle trauma, local ischemia, paracrine 

myopathy, and genetic anomaly [4,5]. The signs and symptoms 

depend upon the tumor’s characteristics and usually present 

as a painless fast-growing lesion that appears centered within 

skeletal muscle without signs of overt inflammation [5,6]. 

Radiographic examination is warranted for the diagnosis and 

known differential diagnoses include soft tissue malignancies 

such as rhabdomyosarcoma, myositis ossificans and nodular 

fasciitis [1,5]. Ultrasonography is particularly valuable as an 

initial imaging modality. Pathognomonic findings are “scaf-

folding” or “steel cable-like” pattern demonstrating hypoecho-

ic geometric lines within a dense, hyperechoic mass [2,7]. 

Computed tomography imaging shows a nonspecific poorly 

demarcated intramuscular lesion with irregular borders [7]. 
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Typical MRI findings are a hypointense or isointense signal on 

T1-weighted sequences with homogeneous enhancement and 

strongly hyperintense signal on T2-weighted sequences com-

pared to surrounding muscles [1,8]. As laboratory and imaging 

examinations are nonspecific, pathological examination by fine 

needle aspiration biopsy or incisional biopsy is required for a 

definitive diagnosis histologic characteristic findings include a 

“checkerboard” pattern of myofibroblasts infiltrating surround-

ing muscle fibers, ganglion-like basophilic giant cells, and ab-

sence of atypical mitosis [5,6,9]. 

When considering the differential diagnosis for myositis 

versus malignancy, there are a few key differences to consider. 

Myositis, an inflammatory condition of the muscle, may pres-

ent on MRI as increased SI on T2-weighted and short tau inver-

sion recovery images, indicating inflammation or edema. This 

would typically involve the muscle fibers themselves which 

often affects muscles symmetrically and unlike a tumor, myo-

sitis does not typically create a mass effect. On the other hand, 

malignancy often present as a discrete mass and this might be 

seen as a well-defined or irregular mass that's distorting the 

normal architecture of the surrounding tissue on the MRI. They 

also often have a heterogeneous signal on MRI due to areas 

of necrosis, hemorrhage, or different cell densities within the 

tumor and after administration of contrast, malignant lesions 

Figure 8. Follow-up magnetic resonance imaging with gadolinium enhancement demonstrated a markedly decreased inflamma-
tory lesion with minimal residual linear intramuscular edema in the left erector spinae muscle. (A) Sagittal cut image. (B) Axial cut 
image.

often show enhancement due to the increased vascularity. 

Proliferative myositis and myositis ossificans are both benign 

conditions of the muscles, but their presentation and charac-

teristics can be quite different. Myositis ossificans is a benign, 

self-limiting process characterized by heterotopic ossification 

of the muscles. Typically is often associated with a history of 

trauma, although it can occur without any apparent cause. On 

radiographic images, myositis ossificans appears as a well-de-

marcated mass with central calcification. The calcification is 

often peripheral initially and then becomes more central as the 

condition progresses. On MRI, myositis ossificans shows het-

erogeneous SI with a surrounding rim of decreased SI, which 

represents the mature bone. After contrast administration, 

there's often peripheral enhancement. 

Treatment options for proliferative myositis include watchful 

waiting or surgical excision. Watchful waiting is usually favored 

due to its benign nature and the potential for spontaneous res-

olution [8,9]. Although the mass grows rapidly, complete reso-

lution occurs over weeks to months. If the tumor continues to 

progress, affects the patient's daily life, alters cosmetic appear-

ance, or shows high suspicion for malignancy despite work up, 

then surgical resection is recommended [5,6,10]. Radical exci-

sion should be avoided as there have been no reports of either 

recurrence or malignant transformation in literatures [5,10]. 

AA BB

https://doi.org/10.21182/jmisst.2023.00605S102

Dae-Hee Lee, et al.    Proliferative Myositis of Erector Spinae



CONCLUSION 

Proliferative myositis is a rare, self-limiting, benign tumor of 

the skeletal muscle which can easily be mistaken for malignan-

cy due to its rapid presentations. Its diagnosis can be difficult 

and, in many cases, diagnosis is not confirmed until after sur-

gical resection. Fine needle biopsy is helpful in the diagnosis 

of proliferative myositis, thus avoiding unnecessary surgical 

trauma and costs. We present a rare case of proliferative myosi-

tis of the erector spinae muscle, not previously described in the 

literature. 
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complaints and appeals in a variety of cases as follows: falsifi-

cation, fabrication, plagiarism, duplicate publication, author-

ship dispute, conflict of interest, ethical treatment of animals, 

informed consent, bias or unfair/inappropriate competitive 

acts, copyright, stolen data, defamation, and legal problems. If 

any individuals or institutions want to inform the journal about 

a relevant case, they can send a letter to the editor through 

https://jmisst.org. For complaints or appeals, concrete data 

with answers to all factual questions (who, when, where, what, 

how, why) should be provided.

Who is responsible for resolving and handling complaints and 

appeals?

The Editor, Editorial Board, or Editorial Office is responsible 

for them.

What may be the consequences of resolution?

The consequences depend on the type or degree of miscon-

duct. The consequence of resolution will follow the guidelines 

of the COPE (http://publicationethics.org/resources/flow-

charts).

The Editorial Board of JMISST will discuss suspected cases 

and reach a decision. JMISST will not hesitate to publish erra-

ta, corrigenda, clarifications, retractions, and apologies when 

needed.

9. Postpublication Discussions and Corrections

Postpublication discussions can be conducted through letters 

to the editor. If any readers have a concern about any articles 

published, they can submit a letter to the editor about the issue. 

If any errors or mistakes in the article are found, the article can 

be corrected through an erratum, corrigendum, or retraction.

10. Policies on Data Sharing and Reproducibility

JMISST encourages data sharing wherever possible, unless this 

is prevented by ethical, privacy, or confidentiality matters. Au-

thors wishing to do so may deposit their data in a publicly ac-

cessible repository and include a link to the DOI within the text 

of the manuscript. For example, “Data sharing: The data ana-

lyzed for this study have been deposited in Harvard Dataverse 

(https://dataverse.harvard.edu/) and are available at DOI.”

Clinical Trials: JMISST accepts the ICMJE Recommendations 

for data sharing statement policy. Authors may refer to the ed-

itorial, “Data Sharing statements for Clinical Trials: A Require-

ment of the International Committee of Medical Journal Edi-

tors,” in the Journal of Korean Medical Science (https://dx.doi.

org/10.3346/jkms.2017.32.7.1051).

SUBMISSION OF MANUSCRIPTS

Authors are requested to submit their papers electronically by 

using online manuscript submission available at http://www.

jmisst.org.

Corresponding author is responsible for submission and re-

vision of the manuscripts. ID is required for processing and can 

be generated at the homepage.

All authors should sign on the copyright release, Author 

agreement and conflict of Interest form to certify that the con-

tents 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 related forms can 

be downloaded in the middle of the submission process (Step 3 

‘File upload’, http://www.jmisst.org) and should be submitted.

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 au-

thorship (https://hms.harvard.edu/sites/default/files/assets/

Sites/Ombuds/files/AUTHORSHIP%20GUIDELINES.pdf).

The acceptable manuscript should be supplied as a file made 

by Hangeul Word Processor or Microsoft Word. The manuscript 

should be composed of no more than 6,000 English words for 

clinical and laboratory studies, 3,000 English words for techni-

cal reports and case reports. It should be composed of no more 
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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.

Decision for the publication of the submitted manuscript will 

be made solely by the editorial board.

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.

Authors who are not native speakers of English who submit 

manuscripts to international journals often receive negative 

comments from referees or editors about the English–language 

usage in their manuscripts, and these problems can contribute 

to a decision to reject a paper. To help reduce the possibility of 

such problems, 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.

MANUSCRIPT PREPARATION

Authors should refer to “Uniform Requirements for Manu-

scripts Submitted to Biomedical Journals” (http://www.icmje.

org/about-icmje/faqs/icmje-recommendations/).

1. Formatting by Manuscript Type 

•  Original Articles should be composed of no more than 6,000 

words, excluding the references, tables, and figures, and orga-

nized in the order of title, abstract, introduction, materials and 

methods, results, discussion, conclusion, references, tables, 

and figures or illustrations.

•  Review Articles are reserved for important subjects relevant 

to the field of minimally invasive spine surgery that is selected 

by the Editorial Committee. Authors are invited based on arti-

cles published in JMISST and other journals. The length of the 

manuscript and the number of references should not exceed 

6,000 words and 100, respectively. The decision to publish the 

manuscript is made after review by the Editorial Committee. 

The manuscript format may vary in review articles.

•  Systematic Reviews are critical assessments of the literature 

and data sources pertaining to clinical topics, emphasizing 

factors such as the cause, diagnosis, prognosis, therapies, and 

prevention. Systematic Reviews without a meta-analysis are 

published as reviews; those with a meta-analysis are pub-

lished as Original Articles (see Meta-Analyses). 

•  Meta-Analyses are systematic, critical assessments of the liter-

ature and data sources pertaining to clinical topics, emphasiz-

ing factors such as the cause, diagnosis, prognosis, therapies, 

and prevention, that include a statistical technique for quanti-

tatively combining the results of multiple studies that measure 

the same outcome into a single pooled or summary estimate. 

The requirements for the format of the abstract and the main 

text follow those for Original Articles.

•  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. 

Special articles vary in form depending on the type of articles 

to be submitted. The format of the special articles follows the 

type of articles specified in the guidelines according to the ar-

ticle type.

•  Technical Reports are short articles giving a brief description 

of a specific development, technique or procedure, or it may 

describe a modification of an existing technique, procedure 

or device applicable to medicine. The technique, procedure 

or device described should have practical value and should 

contribute to clinical diagnosis or management. It could also 

present a software tool, or an experimental or computational 

method. Technical notes are variously referred to as technical 

innovations or technical developments. The main criteria for 

publication will be the novelty of concepts involved, the valid-

ity of the technique and its potential for clinical applications.

•  Case Reports are detailed reports of the symptoms, signs, 

diagnosis, treatment, and follow-up of an individual patient. 

Case reports usually describe an unusual or novel occurrence 

and as such, remain one of the cornerstones of medical prog-

ress and provide many new ideas in medicine. Some reports 

contain an extensive review of the relevant literature on the 

topic. The case report is a rapid short communication be-

tween busy clinicians who may not have time or resources to 

conduct large scale research. Case reports are organized in the 

order of title, abstract, introduction, case report(s), discussion, 

conclusion, references, tables, and figures or illustrations.
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•  Letters to the Editor or Commentary Letters are 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 announce-

ments or changes, conference schedules, or other information 

of the clinical fields.

•  Text should be written in a 11-point font with double line 

spacing.

•  The detailed formatting recommendations for each type are 

shown in the table below.

Summary Table of Manuscript Types

Type

Abstract Max. 
words of 
the main 

text

Max.  
tables

Max.  
referencesMax. 

words
Max.  

key words Format

Review Article 250 6 Unstructured 6,000 5 100
Original Article 250 6 Structured 6,000 5 40
Technical  
Report

200 6 Unstructured 3,000 2 20

Case Report 200 6 Unstructured 3,000 2 20
Commentary × × × 500 - 10
Letter to the 
Editor

× × × 500 - 10

2. Title Page

The title page must include external and internal title pages.

The external title page contains the article title, and full 

names of all authors with their institutional affiliations both. 

The type of manuscript (review article, original article, case 

report, technical note, letter to the editor, book review, special 

article, etc.) should also be indicated. If the work includes mul-

tiple authors with different affiliations, the institution where the 

research was mainly conducted should be spelled out first, and 

then be followed by footnotes in superscript Arabic numerals 

beside the authors’ names to describe their affiliations in the 

consecutive order of the numbers. 

The external title page also contains the postal address and 

email address of the corresponding author at the bottom of the 

page, as well as information on any previous presentation of the 

manuscript in conferences and funding resources, if necessary.

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.

The title should be concrete and not exceed 20 words, and 

the running title should not exceed 65 characters, including 

spaces.

3. Abstract

Abstracts for articles presenting clinical or laboratory research 

should contain the following sections: Objective, Methods, 

Results, and Conclusion. However, these sections are not nec-

essary for other types of studies.

The abstract should include brief descriptions on the objec-

tive, methods, results, and conclusion as well as a detailed de-

scription of the data. An abstract containing 250 words or less 

is required for original articles and 200 words or less for case 

reports.

Abstracts can be revised by the decision of the Editorial 

Board, and some sentences can be modified as a result of revi-

sion.

A list of key words, with a minimum of 2 items and maximum 

of 6 items, should be included at the end of the abstract. The 

selection of key words should be based on Medical Subject 

Heading (MeSH) of Index Medicus and the website (http://

www.nlm.nih.gov/mesh/MBrowser.html).

4. Introduction

The introduction should address the purpose of the article con-

cisely, and include a presentation of the background relevant to 

the purpose of the paper. A more detailed review of the litera-

ture should be addressed in the discussion section.

5. Materials and Methods

The article should record the research plans, objectives, and 

methods in order, as well as the data analysis strategies and 

methods implemented to control bias. Sufficient details should 

be furnished for the reader to understand the method(s) with-

out reference to another work described in the study.

When reporting experiments with human subjects, the au-

thors must document the approval received from the local IRB. 

When reporting experiments with animal subjects, the authors 

should indicate whether the handling of the animals was su-

pervised by the research board of the affiliated institution or a 

similar entity. The IRB approval number must be noted.

Photographs disclosing patients must be accompanied by a 

signed release form from the patient or the patient’s family per-

mitting publication.

Authors should ensure correct use of the terms sex (when 

reporting biological factors) and gender (identity, psychosocial, 
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or cultural factors), and, unless inappropriate, report the sex 

and/or gender of study participants, the sex of animals or cells, 

and describe the methods used to determine sex and gender. 

If the study was done involving an exclusive population, for ex-

ample in only one sex, authors should justify why, except in ob-

vious cases (e.g., prostate cancer). Authors should define how 

they determined race or ethnicity and justify their relevance.

6. Results

The authors should logically describe their results of observa-

tions and analyses performed using methodology given in the 

previous section and provide actual data.

For biometric measurements in which considerable amount 

of stochastic variation exists, a statistical evaluation is manda-

tory. The results must be sorely from the findings of the current 

study and not refer to any previous reports.

While an effort should be made to avoid overlapping descrip-

tions by Tables and by main text, important trends and points 

in the Table should be described in the text.

7. Discussion

Discussions about the findings of the research and interpreta-

tions in relation to other studies are made. It is necessary to em-

phasize the new and critical findings of the study, not to repeat 

the results of the study presented in the previous sections. 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. Conclusions

The conclusion section should include a concise statement of 

the major findings of the study in accordance with the study 

purpose.

9. References

All references should be listed and numbered in the order they 

are cited in the text, and should be cited with Arabic numerals 

in square brackets. The reference format should conform to the 

Vancouver form (N Engl J Med 1997;336:309-15; https://www.

nejm.org/doi/full/10.1056/nejm199701233360422).  

Even though references are noted by reference manage-

ment program in common use, the reference format should be 

checked by author to correct any error.

When a work has 6 or less authors, cite the names of all au-

thors. When a work has over 6 authors, cite the first 6 authors’ 

name followed by “et al.” 

Use the style of the examples below, which are based on the 

formats used by the U.S. National Library of Medicine (NLM) 

in Index Medicus. The titles of journals should be abbreviated 

according to the style used in Index Medicus. Authors should 

consult the List of Journals Indexed in Index Medicus, pub-

lished annually as a separate publication by the library and as 

a list in the January issue of Index Medicus. The list can also be 

obtained through the library’s web site: http://www.nlm.nih.

gov, which opens in a new tab.

Avoid using abstracts as references. References to papers ac-

cepted but not yet published should be designated as “in press” 

or “forthcoming”; authors should obtain written permission to 

cite such papers as well as verification that they have been ac-

cepted for publication. Information from manuscripts submit-

ted but not accepted should be cited in the text as “unpublished 

observations” with written permission from the source.

Avoid citing a “personal communication” unless it provides 

essential information not available from a public source, in 

which case the name of the person and date of communication 

should be cited in parentheses in the text. For scientific articles, 

authors should obtain written permission and confirmation of 

accuracy from the source of a personal communication.

The references must be verified by the author(s) against the 

original documents.

The “Uniform Requirements” style (the Vancouver style) is 

based largely on an ANSI standard style adapted by the NLM 

for its databases.

1) Articles in Journals

(1) Standard journal article

List the first 6 authors followed by et al. 

-  Qiuhang Z, Feng K, Bo Y, Hongchuan G, Mingchu L, Ge 

C, et al. Transoral endoscopic odontoidectomy to decom-

press the cervicomedullary junction. Spine (Phila Pa 1976) 

2013;38:E901-E906.

(2) Other samples

-  Rosenthal D. Endoscopic approaches to the thoracic spine. 

Eur Spine J 2000;9 Suppl 1:S8-S16.

-  Ozben T, Nacitarhan S, Tuncer N. Plasma and urine sialic 

acid in non-insulin dependent diabetes mellitus. Ann Clin 

Biochem 1995;32(Pt 3):303-6.

-  Turan I, Wredmark T, Fellander-Tsai L. Arthroscopic 
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ankle arthrodesis in rheumatoid arthritis. Clin Orthop 

1995;(320):110-4.

-  Enzensberger W, Fischer PA. Metronome in Parkinson’s 

disease [letter]. Lancet 1996;347:1337.

2) Books

(1) Entire book

-  Atlas SW. Magnetic resonance imaging of the brain and spine. 

Philadelphia (PA): Lippincott Williams & Wilkins; 2001.

(2) Chapter in a book

-  Sweitzer S, Arruda J, DeLeo J. The cytokine challenge: Meth-

ods for the detection of central cytokines in rodent models 

of persistent pain. In: Kruger L, editor. Methods in pain re-

search. Boca Raton (FL): CRC Press; 2001. p. 109-32.

3) Conference proceedings
-  Kimura J, Shibasaki H, editors. Recent advances in clinical 

neurophysiology. Proceedings of the 10th International 

Congress of EMG and Clinical Neurophysiology; 1995 Oct 

15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

4) Conference paper
-  Bengtsson S, Solheim BG. Enforcement of data protection, 

privacy and security in medical informatics. In: Lun KC, 

Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92. 

Proceedings of the 7th World Congress on Medical Infor-

matics; 1992 Sep 6-10; Geneva, Switzerland. Amsterdam: 

North-Holland; 1992. p. 1561-5.

5) Scientific or technical report
-  Smith P, Golladay K. Payment for durable medical equip-

ment billed during skilled nursing facility stays. Final report. 

Dallas (TX): Dept. of Health and Human Services (US), 

Office of Evaluation and Inspections; 1994 Oct. Report No.: 

HHSIGOEI69200860.

6) Dissertation
-  Kaplan SJ. Post-hospital home health care: the elderly’s ac-

cess and utilization [dissertation]. St. Louis (MO): Washing-

ton Univ.; 1995.

7) Patent
-  Larsen CE, Trip R, Johnson CR, inventors; Novoste Corpo-

ration, assignee. Methods for procedures related to the elec-

trophysiology of the heart. US patent 5,529,067. 1995 Jun 25.

8) Newspaper article
-  Lee G. Hospitalizations tied to ozone pollution: study esti-

mates 50,000 admissions annually. The Washington Post 

1996 Jun 21;Sect. A:3 (col. 5).

9) In press
Leshner AI. Molecular mechanisms of cocaine addiction. N 

Engl J Med Forthcoming 1997.

10) Websites
-  U.S. Food and Drug Administration, Center for Drug Eval-

uation and Research. Index to drug-specific information 

[Internet]. Silver Spring (MD): U.S. Food and Drug Admin-

istration; [updated 2009 Jun 4; cited 2009 Jun 10]. Available 

from: https://www.fda.gov/drugs/postmarket-drug-safe-

ty-information-patients-and-providers/index-drug-specif-

ic-information.

10. Tables

•  Tables should be created using the table formatting and edit-

ing feature of Microsoft Word. 

•  The title of the table must be noted. Tables cannot be submit-

ted in a picture format.

•  Each table should be inserted on a separate page, with the ta-

ble number, table title and legend above the table.

•  Tables should be concise and not duplicate information found 

in figures.

•  The significance of results should be indicated by an appro-

priate statistical analysis.

•  Unnecessary longitudinal lines should not be drawn. Hori-

zontal lines should be used as sparingly as possible.

•  All symbols and abbreviations should be described below the 

table.

•  Table footnotes should be indicated with superscript symbols 

in sequence: *, †, ‡, §, ||, ¶, **, ††, ‡‡, etc.

•  All units of measurement and concentrations should be des-

ignated.

11. Figures

•  Figures should have resolution of 300 dpi or above and should 

be submitted individually—namely, if Figure 1 is divided into 

A, B, C, and D, do not combine them into one, but submit 
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each of them separately. The preferred file formats for figures 

are JPG (JPEG) or TIF (TIFF).

•  Figure files should be named according to the figure name 

(example: Fig. 1A.tif). If the quality of the photographs is con-

sidered inappropriate for printing, the journal may request 

resubmission.

•  Authors should submit figures in black and white if they want 

them to be printed in black and white. Authors are responsi-

ble for any additional costs of producing color figures, as de-

termined by the Editorial Board.

•  Line art should have resolution of 1,200 dpi or more in JPG or 

TIF format.

•  All symbols and abbreviations should be described below the 

figure.

12. Supplementary Digital Content

Authors may submit supplementary digital content to enhance 

their article’s text and to be considered for online posting. Cite 

all supplemental digital content consecutively in the text. Cita-

tions should include the type of material submitted, should be 

clearly labeled as “Supplementary Content” or “Supplementary 

Video,” should include a sequential number, and should pro-

vide a brief description of the supplemental content.

Examples: (see Video, Supplementary Video 1, which demon-

strates the procedure of neuroplasty)

Provide a separate set of legends of supplemental digital con-

tent at the end of the text. List each legend in the order in which 

the material is cited in the text. The legends must be numbered 

to match the citations from the text.

Examples: Supplementary Video 1. Video that demonstrates 

the procedure of neuroplasty, 5 minutes, 10MB.

Supplementary video files should be no larger than 100 MB 

each. 

Supplementary 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.

13. Units of Measurement

•  Measurements of length, height, weight, and volume should 

be reported in metric units (meter, kilogram, or liter or their 

decimal multiples).

•  Temperatures should be given in degrees Celsius. Blood pres-

sure should be given in millimeters of mercury.

•  All hematologic and clinical chemistry measurements should 

be reported in the metric system in terms of the International 

System of Units (SI). Editors may request that alternative or 

non-SI units be added by the authors before publication.

14. Abbreviations and Symbols

Use only standard abbreviations. Avoid abbreviations in the ti-

tle and abstract. The full term for which an abbreviation stands 

should precede its first use in the text unless it is a standard unit 

of measurement.

15. Author Checklist

•  Before submitting a manuscript, authors should double-check 

all requirements noted in the agreement form regarding the 

registration and copyrights of their manuscript. A manuscript 

that does not fit the author instructions of the journal regard-

ing format and references will be returned to the authors for 

further correction.

•  The author checklist should be prepared, signed by the cor-

responding author, submitted with the manuscript, and then 

registered online. Relevant forms can be downloaded from 

the manuscript submission site.

PEER REVIEW AND PUBLICATION 
PROCESS

Submitted manuscripts are reviewed by the Editorial Commit-

tee and accepted articles will be published in JMISST.

1. Registration for Submission

Any manuscript that has many errors or does not follow the 

guideline for submissions will be returned to the author with-

out review. Any manuscript registered is given a registration 

number, which will be emailed to the corresponding author. 

Once the Editorial Committee requests an author to revise 

his or her manuscript, the author should resubmit the revised 

manuscript using our online submission system.
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2. Review 

The manuscript will be reviewed by two or three reviewers (one 

reviewer and one editor) blind to the name and affiliation of the 

authors. The review process is limited to 3 times; a decision for 

revision at the third review means the manuscript is no longer 

eligible for publication.

3. Revision by Authors

Upon the Editorial Committee’s request, authors should revise 

and resubmit the revised manuscript accompanied by a cover 

letter indicating clearly what alterations have been made in re-

sponse to the reviewer’s comments and stating satisfactory rea-

sons for noncompliance with any of the recommendations of 

the editors. No reply within 45 days after the request for revision 

will be assumed as a withdrawal of the manuscript and the re-

view process will be terminated. In this case, a new submission 

is required if authors desire further review of their manuscript 

by the Editorial Committee. The review process will require 3 

months on average.

4. Conclusion of Review

Once the manuscript is accepted for publication in JMISST, a 

certification of publication stating that the manuscript will be 

published can be issued on demand by the author(s).

5. Printing 

The authors should proofread and edit their accepted manu-

script carefully before printing, and can still request additional 

corrections at this stage. The Editorial Committee makes the 

final edits and decides whether to publish the manuscript and 

the order in which the manuscript is published.

6. Article Processing Charge

•  There are no author submission fees or other publication-re-

lated charges. All cost for the publication process is supported 

by the Publisher. JMISST is a so-called platinum open access 

journal which does not charge author fees.

COPYRIGHT AND LICENSING

1. Copyright Policy

All published papers become the permanent property of the 

Korean Minimally Invasive Spine Surgery Society. Copyrights 

of all published materials are owned by the Korean Minimally 

Invasive Spine Surgery Society. Permission must be obtained 

from the Korean Minimally Invasive Spine Surgery Society for 

any commercial use of materials. Every author must sign the 

copyright transfer agreement forms.

2. Open Access

All articles published in JMISST will be immediately and per-

manently free for everyone to read and download. All articles 

are distributed under the terms of the Creative Commons At-

tribution Non-Commercial License (http://creativecommons.

org/licenses/by-nc/4.0/), which permits unrestricted noncom-

mercial use, distribution, and reproduction in any medium, 

provided the original work is properly cited

3. Deposit Policy

According to the deposit policy (self-archiving policy) of Sher-

pa/Romeo (http://www.sherpa.ac.uk/), authors cannot archive 

preprints (i.e., prerefereeing), but they can archive postprints 

(i.e., the final draft postrefereeing). Authors can archive the 

publisher’s version/PDF. 

Editor-in-Chief: Hyeun-Sung Kim, MD, PhD

Editorial Office
Department of Neurosurgery, Harrison Spinartus Hospital Chungdam, 
646 Samseong-ro, Gangnam-gu, Seoul 06084, Korea
TEL: +82-2-6003-9767
FAX: +82-2-3445-9755
Email: office@jmisst.org
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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.
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1) Abstract should have no longer than 250 words for original articles and 200 words for case reports.
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3) The selection of Key Words is based on MeSH.
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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.
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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®.
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