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The Korean Minimally Invasive Spine Surgery Society (KOMISS) was founded in the June of
2002 under the leadership of honorary president Dr. Chun-Kun Park, as the first research society
in affiliation with the Korean Spinal Neurosurgery Society. The society is one of tradition and
history and currently retains the largest number of members among neurosurgical societies.
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Our society has led the way in minimally invasive spine surgery in Korea, and we especially
take pride being global frontrunners in the fields of endoscopic surgery and minimally invasive
spinal fusion surgery. We currently host two symposiums about minimally invasive spine surgery
and cadaver workshops annually to provide upcoming spine surgeons with forums for learning.
Furthermore, we have joined with The International Society for Minimal Intervention in Spinal
Surgery Korea (ISMISS Korea) in late 2015 and started an official website (www.komiss.org) to
provide more members with useful information.
As the immediate Former President of KOMISS, the society is very grateful to the Editor-inchief Dr. Sang-Gu Lee and all parties involved for the initial publication of our society’s Englishbased academic journal, the JMISST (Journal of Minimally Invasive Spine Surgery and Technique).
We believe that this publication will be a stepping stone for our society to become a global
organization, and it will play an important role in the advancement of minimally invasive spine
surgery based on evidence and research. We cordially ask all members to make enthusiastic
submissions and participate in our effort to make this society a global one.
Thank you.
Sung-Min Kim, MD, PhD

Immediate Former President of KOMISS
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As the Journal of Minimally Invasive Spine Surgery
and Technique (JMISST) is about to be Published !
Sang Gu Lee
Department of Neursurgery, Gil Medical Center, Gachon University, Incheon, Korea
Spinal surgery has been advancing faster than any other field of surgical treatment, especially in terms of minimally invasive surgery, and the number of spinal surgery related journals
is increasing by the day. As a result, the quality of the article for spine must be very high
in order for one to be published. Many submissions are rejected unless the articles are truly
original comparative papers or have a long follow-up period, and many editors are reluctant
about accepting case reports.
Minimally invasive spinal procedure is an important portion that the field of spine surgery
must take, but the effectiveness and safety of the many new surgical procedures are still in
question and must be reviewed in scrutiny. Therefore, articles about these new minimally invasive spinal procedures are being neglected by the major publications.
Sang Gu Lee, MD, PhD
Department of Neursurgery, Gil
Medical Center, Gachon University
21, Nadong-daero, 774beon-gil,
Namdong-gu, Incheon 21565,
Korea

Understanding such circumstances, the JMISST wishes to be a journal that publishes papers
about minimally invasive spine surgery and introduce new surgical techniques. And while some
of the published articles in this journal may lack quality, the true goal of the JMISST is to focus
on introducing progressive and newly refined surgical techniques.

Tel: +82-32-460-3304
Fax: +82-32-460-3899
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Finally, I would to thank all members of KOMISS and editors for their efforts in making this
publication happen.
Sang Gu Lee, MD, PhD

Editor-in-chief
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In Korea, neurosurgery has taken the lead in minimally invasive spine surgery (MISS) since early 1980s,
unlike most of other countries, in which orthopedic surgery usually leads MISS. Between 1990s and
2000s, surgical techniques and relevant equipments and tools of endoscopic discectomy have been
rapidly developed and extended its surgical indications. In this development, KOMIISS and its members, especially practicing physicians made a great contribution, especially in the field of endoscopic
discectomy in Korea and in the world. High technology and science have given a birth to new MISS
devices currently, and some of these devices such as epiduroscopic laser discectomy and annuloplasty technologies have been launched and used in Korea market. Other advanced technologies
and engineerings area also expected to contribute to the future of MISS. Korean spine surgeons
should stand the pace of such scientific developments to maintain their reputation in MISS.
Key Words: MISS, Korea, Microscope, Endoscopic discectomy, Advanced science

INTRODUCTION
In Korea, neurosurgery has taken the lead in minimally invasive
spine surgery (MISS), unlike most of other countries, in which
orthopedic surgery usually leads MISS. This is because neurosurgeon has been more familiar with microsurgery using an operating microscope, especially in brain surgery. Neurosurgeons in
Korea have started microsurgery in almost all kinds of brain and
1)
spine surgeries since late 1970s , and an article dealing with mic2)
roscopic discectomy came out in 1982, perhaps firstly in Korea .
Taking into consideration of neurosurgeons’ early application of
surgical microscope in their surgeries, no wonder that neurosurgery has a predominance on orthopedic surgeons in MISS in Korea.
Various kinds of MISS device and technique have been launched
in Korean market until now, which included IDET, laser discectomy, nucleotome, nucleoplasty, transforaminal endoscopic discectomy, microendoscopic discectomy and epiduroscopic apparatuses, etc. between early 1980s and early 2010s. One of characteristic points in Korea should be that MISS has been mainly
driven not by faculties in university hospitals but by practicing
spine surgeons. In early period, their MISS activities and practices
had been considered a business activities and a sort of excess
medical service to increase revenue by spine surgeons in university
hospitals. However, in spite of such prejudice and misunderstanding, practicing spine surgeons have tried hard themselves to
develop and improve MISS devices and surgical techniques. As
a result, when it comes to MISS techniques and skills, Korean

MISS surgeons are recognized as the best in the World in deed
as well as in name these days.
Some practicing spine surgeons, who were interested in MISS
had organized their own scientific community firstly late 1990s
in Korea, named “Korean Society of Minimally Invasive Spine
Surgery” (KOSMISS), in which mainly practicing spine surgeons
and private spine hospitals had taken the lead. However, most
of spine surgeons working in university hospitals, who had prejudice about their activities, considered this society as a sort of
medium of public relations and a platform of profit creation
for their own hospitals, and consequently most of college faculties
didn’t join this society. Meanwhile, some neurosurgery professors
in university hospitals established another scientific community,
“Korean Minimally Invasive Spine Surgery Society” (KOMISS) in
2002 as a counter part of KOSMISS and invited many practicing
spine surgeons as an active member or board member according
to their career and expertise of MISS. The Author is the founder
of the KOMISS and served as the first president of this society.
These two societies had competed each other for a while. Both
societies had organized a cadaver hands-on workshop of MISS
respectively once or twice a year for not only national but foreign physicians also since their establishments. However, KOMISS
merged KOSMISS into a single society named KOMISS early this
year. Nobody disagreed that KOMISS has made a great contribution toward development of MISS in Korea, while the role of
KOSMISS and its founder “Wooridul Hospital” in making Korea
MISS regarded as the best should not be neglected either. Recently, KOMISS, born again by merging with KOSMISS, success-
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th
fully organized the 5 World Congress of Minimally Invasive Spine
Surgery & Techniques held in Jeju Island, Korea.
If we look back into the history of MISS in Korea, as I described
earlier in this article, the beginning of MISS should be application
of an operating microscope during lumbar and cervical discectomy
by neurosurgeons in 1980s in Korea. The other MISS procedure
in 1980s might be chemonucleolysis using ‘Chymopapaine’ for
lumbar disc herniation. Professor Kim should be credited with
his contribution on the clinically vitalizing the chemonucleolysis
3,4)
in Korea . However, while the former procedure is still applied
into clinical practice under the name of ‘microdiscectomy’ and
recognized as a golden standard in surgical treatment of disc
5)
herniation , the latter one was abandoned completely because
of fatal hypersensitivity of chymopapaine in some patients.
Between 1990s and 2000s, various kinds of percutaneous intradiscal devices had been introduced as a tool mainly for intradiscal
decompression, but most of them except for nucleoplasty and
a few others, have been buried in oblivion until now, because
of lack of evidence in therapeutic efficacy and/or doubts about
their cost effectiveness.
With regard to endoscopic discectomy, when this procedure
was introduced in Korea market, surgical techniques and devices
appeared to be not enough to carry out a proper discectomy,
and be considered as the same kind, practically not as a discectomy
but as an indirect decompression. Otherwise, two-channel endoscopic procedure using two portals could be a one of the available
options for endoscopic discectomy, that time. However, the techniques and percutaneous endoscopy devices and tools using a
single portal have been developed rapidly and nowadays a surgeon
can not only do discectomy for protruded lumbar disc but remove
extruded disc fragments also only using a single-portal endoscopic
device and relevant surgical tools. In fact, Korean spine surgeons
played a great role in this development, especially of surgical
6-8)
techniques .
And a lot of scientific articles dealing with endoscopic procedures in the lumbar spine diseases have come out, many of
which were submitted by Korean surgeons, particularly by facul6,8)
ties in Wooridul Hospital . Some of those articles revealed a
high grade of evidence. Meanwhile some conservative groups
including spine surgeons working for HIRA (Health Insurance
Review & Assessment Services) are still skeptical about clinical
relevancy of endoscopic discectomy, and disagree with MISS surgeons’ proposal to ease legal restriction. This restriction might
be legislated to prohibit an overuse of endoscopic discectomy
about 10 years ago when this procedure had only decompressive
effects rather than discectomy in the management of lumbar
disc herniation. Now, various technical and hard-ware oriented
limitations of endoscopic discectomy have been significantly overcome by development of surgical techniques, skills, devices and
various tools.
High technology and science have given a birth to various
MISS devices currently, and they were introduced to Korea market.
Among these MISS devices, two representative ones, which came
out several years ago and could be recognized to have a poten-
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tiality to become a device of the next generation, are selected:
the one is SELD (trans-Sacral Endoscopic Laser Discectomy),
the other TELA (Transforaminal Epiduroscopic Laser Annuloplasty).
These two devices have many similarities in the basic functions
between two, but each has totally different designated target
in and different access to the epidural space of the lumbar spine.
The target and access are a herniated disc and the sacral hiatus
in SELD, while the posterior part of the annulus and the intervertebral foramen respectively in TELA. The devices are an amalgam
of the high technology and science: a less than 4-mm slim and
steerable catheter equipped with video camera and laser systems.
Especially, the SELD appeared to be promising. It can substitute
significant part of the role of microscopic discectomy, the golden
standard of lumbar discectomy and be used to compensate for
the blind area of transforaminal endoscopic discectomy such
as removal of for far migrated disc fragments. Furthermore, SELD
can be used for the function of annuloplasty as well, and to
explore the epidural space in case of an unidentified back pain
with a suspected lesion but not confirmative in image studies.
This device still has a lot more potentiality to develop to a more
serviceable device, which can be applied for the management
of more complicated and larger lesions in the future as long
as the high technology and science allow to have more sophisticatedly equipped system and tools.
In future perspectives, diverse fields of science such as laser
and image technology and optical science, development of robotics and material and design engineering are expected to contribute to the future of MISS. Korean physicians should stand the
pace of such scientific developments to maintain their reputation
in MISS.
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Clinical Article

Realizable Minimally Invasive 1-Day Lumbar
Interbody Fusion Surgery: No General Anesthesia,
No Hemovac Insertion, No Skin Suture Surgery,
and Early Ambulation
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Objective: The lumbar interbody fusion surgery, patients commonly have severe pain, requiring
adequate bed rest for a long time. We performed a 1-day minimally invasive spine (MIS) lumbar
interbody fusion that required no hemovac insertion and no skin suture and led to early ambulation. Here, we report the surgical procedure and results. Methods: This study was designed as
a retrospective review. From January 2013 to August 2014, 49 patients who received the MIS TLIF
for 1-day MIS lumbar interbody fusion surgery were included in this study. The surgical procedures
performed were as follows: (1) epidural catheter insertion; (2) midline subdermal dissection procedure; (3) MIS TLIF; (4) bleeding control procedure; (5) percutaneous transpedicular screwing;
(6) tight subdermal plan suture; (7) skin sealing procedures. Postoperatively, wound dressing was
not needed. Epidural catheter was removed on the second day after the operation. Results: Average
intraoperative bleeding was 128.6 mL per level. The average operation time was 78.9 min. per
level. An average midline skin incision was 2.8 cm per level. The possible ambulation time was 0.94
±0.88 day. The discharge time after antibiotic injection for 3 days was 4.88±1.51 days. In the corresponding order of preoperative and immediate postoperative, 3-month, 6-month, and final followup, Postoperative VAS (back), VAS (leg) and ODI improved significantly immediate postoperatively
(p<0.0001). Postoperatively, there was no cases of revision due to hematoma. Conclusion: The
results indicated good clinical results of the 1-day minimally invasive lumbar interbody fusion surgery, without any serious complications.
Key Words: Minimally invasive, Transforaminal, Lumbar interbody fusion, 1-day surgery

INTRODUCTION
The incidence of degenerative spinal diseases that require
lumbar interbody fusion surgery has increased with an increase
in the elderly population. However, following lumbar interbody
fusion surgery, patients commonly have severe pain and require
long periods of adequate bed rest. Moreover, associated complications can occur, leading to a delay in rehabilitation.
An extensive body of research supports Minimally Invasive
Surgical (MIS) techniques as effective in decreasing postsurgical
morbidity and improving postoperative recovery13).
However, because of the risk of complications, patients who

are in need of fusion surgery, especially the elderly, tend to
avoid surgery. Furthermore, shortening of the length of surgery
and hospitalization is an important factor in the onset and recovery of complications in patients with a systemic disease.
In fact, a prior study has reported outcomes following 1-day
fusion surgery15). However, in this study, although patients were
discharged on the same day as surgery, it did not mean that
care was also terminated. Rather, this study compared and verified
that same-day discharge did not cause complications. In fact,
stitch removal and patient care were managed in outpatient
appointments after discharge. Thus, the patients were not truly
discharged but were transferred to home care. The fact that
the patients were still in need of stitch removal and hospital
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care signified that the patients were not completely discharged
from the hospital.
Ambulation is a critical aspect of rehabilitation and positively
affects patients’ recovery. In fact, the main reasons patients
stay in hospital are as follows: (1) postoperative pain management,
(2) management and removal of any drainage tubes, and (3)
postoperative wound care. Thus, if these procedures were unnecessary, true 1-day fusion surgery would be possible.
We performed a 1-day MIS lumbar interbody fusion that did
not require Hemovac insertion or postoperative sutures and allowed early ambulation. Here, we report the surgical procedure
and results.

MATERIALS AND METHODS
This study was designed as a retrospective review of clinical
and surgical parameters. From January 2013 to August 2014,
49 patients who underwent 1-day MIS transforaminal lumbar
interbody fusion (TLIF) surgery were included in this study.
All patients underwent MIS TLIF using an MIS retractor system
(Tubular/Caspar/Taylor) and MIS decompression technique (unilateral decompression/bilateral decompression/unilateral approach
bilateral decompression). Two cases were being treated for foraminal stenosis, one for recurrent Herniated Nucleus Pulposus
(HNP), 13 for spinal stenosis, and 33 for spondylolisthesis.

1. Patients
This study examined surgeries conducted between January
2103 and August 2014 by reviewing the medical charts of 49
patients. Patients with spinal stenosis, spondylolisthesis, foraminal
stenosis, or recurrent HNP were included in this study, all of
which were in need of decompression, as well as pedicle screw
fixation and fusion.

procedure was repeated for each segment. Ipsilateral percutaneous pedicle screws were inserted through the same skin incision.
Contralateral percutaneous pedicle screws were placed using
a mirror incision under fluoroscopic guidance.
Additional surgical procedures performed were as follows:
1) Epidural catheter insertion for anesthesia and postoperative
pain control; this allowed the procedure to be performed without
a general anesthesia and controls postoperative pain effectively
such that patients can ambulate shortly after surgery.
2) midline subdermal dissection procedure: this procedure
can reduce the size of the skin incision, and the tension of
the skin can reduce the risk of postoperative hematoma. Although
it is a midline incision, dissection is performed at the subdermal
level, and TLIF, decompression are performed via the paraspinal
plane. PLIF, which comes in contact with the midline structure,
can induce central accumulation of blood and eventually cause
a postoperative hematoma (Fig. 1)
In addition, advances in MIS techniques for TLIF have reduced
the incidence of complications and morbidity associated with
conventional TLIF3).
3) MIS TLIF procedure (unilateral/bilateral) (Fig. 2).
4) Percutaneous transpedicular screw insertion under the subdermal dissection plane (Fig. 3).
5) Blood loss control procedure: limiting blood loss is the
most crucial step, as hemostasis is a key aspect in 1-day fusion
surgery. Our procedures included the following: (A) meticulous
bleeding control; (B) fibrinogen/thrombin-based collagen fleece
bleeding control; (C) fluid-type anti-adhesive agent, which can
stop venous bleeding using hydrostatic pressure; and (D) GelfoamⓇ
covering, which acts as a barrier that stops bleeding that occurred
outside the spinal canal, i.e., from the muscle, from coming
into the canal (Fig. 4).
6) Tight subdermal plane suture (conjoined suture of split
fascia and subdermal skin) (Fig. 5).

2. Operative techniques
Decompression was performed using the basic MIS TLIF procedure as described below.

3. Technique for MIS TLIF
The MIS TLIF procedure was performed on the symptomatic
side. C-arm guidance was used to determine the disc space
and to draw the lateral pedicle line in the fluoroscopic anterior
posterior view. After a vertical skin incision in line with the lateral
pedicle. After a complete facetectomy, the ligamentum flavum
was removed to expose the lateral border of the ipsilateral nerve
root. The retractor was angled medially, The patient was tilted
laterally to decompress the contralateral side. Extensive decompression was performed, which included decompression of the
central stenosis and contralateral side1,6,9). A discectomy was
also performed. A single, banana-shaped polyetheretherketone
interbody cage filled with only autologous local bone was inserted.
After interbody fusion, the retractor was removed, and the same
6 www.jmisst.org

Fig. 1. Midline subdermal dissection.

Fig. 2. Central decompression.

Real 1 Day Lumbar Fusion Surgery for Degenerative Lumbar Spinal Disease

7) Skin sealing procedures: secure skin and zip surgical skin
closure systems (Fig. 6).
A postoperative wound dressing was not needed. The wounds
were checked every 3-4 days. The epidural catheter was removed
on the second day after the operation. Intravenous antibiotics
were administered for 3 days after the operation.

Epidural catheter insertion enables additional pain control.
Even if an IV PCA is used, patients experience the most severe
pain during the first two days post-operatively, which can be
controlled continuously via the epidural catheter.

RESULTS
We examined surgery-related results, the intraoperative and
postoperative conditions, postoperative complications, and clinical results by using the Visual Analogue Scale (VAS) and Oswestry
Disability Index (ODI) immediately (1-2 days), and 1 month, 3
months, 6 months, and 12 months postoperatively.

1. Demographics

Fig. 3. Percutaneous transpedicular screw insertion.

The mean age was 65.27±9.57 years, and the sex ratio was
20:29 (male:female). The average follow-up period was 26.04±7.25
months.
Regarding the number of segments involved in the operation,
33 patients underwent one segment; 13 patients, 2 segment;
and 3 three patients, 3 segment operation (average: 1.39±0.61
segment).

2. Clinical outcomes

Fig. 4. Blood loss control procedure (fibrinogen fleece, fluid
type antiadhesive agent, Gelform barrier)

Fig. 5. Conjoined suture of
fascia and subdermal skin.

Fig. 6. Skin and zip surgical skin
closure systems.

Average intraoperative bleeding was 178.47±73.70 mL (per
level: 128.60 mL). The average operation time was 109.49±32.71
min (per level: 78.90 min). Average midline skin incision length
was 3.90±1.18 cm (per level: 2.80 cm).
The possible ambulation time was 0.94±0.88 day. The discharge
time after 3 days’ antibiotic administration was 4.88±1.51 days.
The VAS (back) were as follows: 6.33±0.94, 3.14±1.12, 2.47±
0.58, 2.29±0.65, and 2.31±0.77; VAS (leg): 7.37±0.70, 2.69±0.85,
2.29±0.46, 2.14±0.58, and 2.24±0.80; and ODI: 39.37±3.05, 29.29±
5.78, 22.59±2.99, 20.27±2.59, and 18.63±3.13 for the preoperative,
immediate postoperative, and 3-month, 6-month, and 12-month
follow-up values, respectively. Postoperative VAS (back), VAS
(leg), and ODI improved significantly immediately postsurgery
(p<0.0001) (Table 1).
In terms of postoperative complications, there were two cases
of transient motor weakness (both cases recovered sufficiently
after the follow-up period), four requiring wound suture due
to avulsion of the surgical field (all cases healed completely
after the follow-up period), one of dural tear, and two of cage
subsidence or implant failure. No cases required revision due
to hematoma.

Table 1. Patient clinical outcomes
Preop 1 day 3 months 6 months Final F/U
VAS (Back)
6.33
3.14
2.47
2.29
2.31
VAS (Leg)
7.37
2.69
2.29
2.14
2.24
ODI
39.37 29.29
22.59
20.27
18.63
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3. CASE
56-year-old male who visited the hospital for severe, radiating
low back pain and neurogenic claudication present for more
than a few months. The 1-day postoperative MRI showed sufficient decompression with MIS TLIF. The patient was capable
of walking by the afternoon on the day of surgery. He was
capable of discharge after 1 postoperative day (Fig. 7-12).

Fig. 10. 1-day postoperative MRI.

Fig. 7. Preoperative X-ray.

Fig. 11. Operation day ambulation.

Fig. 8. 1-day postoperative X-ray.

Fig. 9. Preoperative MRI.
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Fig. 12. 1-day postoperative
day ambulation.

Real 1 Day Lumbar Fusion Surgery for Degenerative Lumbar Spinal Disease

to effective rehabilitation. National Health Insurance systems
differ for each country, so there would be practical differences,
but minimally invasive procedures should be studied to develop
such surgical techniques.
Ⓡ
Many physicians consider Gelform as a foreign body and
worry about mass effect and infection from leaving Gelfoam at
the laminectomy site. Although there were no postoperative infections in the present study, the possibility of other issues that
may be revealed in a larger number of cases should be noted.
Furthermore, this study did not distinguish patients using
anticoagulants, thus did not develop a separate protocol; this
should be addressed in the future as well. In addition, preoperative assessment items for 1-day fusion surgery should also be
elaborated.

Fig. 13. Patient clinical outcomes.

DISCUSSION
McGirt et al.8) reported that with 2-level transforaminal lumbar
interbody fusion, mean costs associated with perioperative surgical-site infection were significantly lower with MIS than with
open procedures. Similar cost-savings have been reported7,14,16,17).
The patients’ clinical outcomes were assessed via VAS and ODI,
but fusion rate was not included in this study. The reason was
that the present study sought to examine the viability of 1-day
fusion surgery, and fusion rate was intentionally ignored as the
objective of this study was to describe the 1-day fusion surgery.
However, considering the fact that MIS TLIF was performed
for fusion, when compared with conventional TLIF, MIS TLIF
appears to achieve similar fusion rates, while reducing blood
loss, soft tissue and muscle trauma, postoperative pain, and
increasing the speed of recovery9,11,12). It would rather be meaningful to study the fusion rate in the long-term along with other
parameters. An epidural catheter was inserted to control postoperative pain. While reducing the pain, it also reduces sensory
functions, which may hinder the patient from recognizing postoperative hematoma-induced pain until neurologic deficits, such as
motor weakness or cauda equina syndrome, occur. The appropriate
dose should be calculated for anesthesia via epidural catheter
to ensure that only postoperative pain is reduced.
This study has a limitation regarding patient discharge. In
Korea, the government pays >60% of all medical costs through
the National Health Insurance Service, therefore most patients
are discharged after the sutures are removed. The absence of
a significant difference in hospital stay between MIS TLIF and
the 1-day fusion technique is due to the unique medical system
of Korea. To compare cost effectiveness between MIS TLIF and
the 1-day fusion technique. Hence, although this study has described a surgical technique that enabled real 1-day discharge,
various assessments, such as ambulation, should be emphasized
rather than the actual date of discharge2). Early ambulation can
lead to early rehabilitation, which in turn leads to early recovery;
ultimately, postoperative complications are minimized, leading

CONCLUSION
The results indicated good clinical results for the 1-day minimally invasive lumbar interbody fusion surgery without any serious
complications. With the development of an effective infection
control system for the lumbar interbody fusion surgery, an effective true 1-day lumbar interbody fusion surgery will be possible.
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Clinical Outcomes of Single-level Posterior
Percutaneous Endoscopic Cervical Foraminotomy
for Patients with Less Cervical Lordosis
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Objective: Posterior percutaneous endoscopic cervical foraminotomy (P-PECF) is a minimally invasive surgical technique for treatment of cervical radiculopathies. Application of P-PECF to patients with preexisting loss of cervical curvature (<10°) is still controversial because violation to
facet joint may lead to kyphotic change. Clinical outcomes of P-PECF was analyzed and compared
according to preoperative cervical curvature. Methods: In this retrospective nested case-control
study, 71 patients who underwent P-PECF due to foraminal soft disc herniation or bony stenosis
were reviewed. P-PECF was performed by a single senior surgeon, and surgical methods were as
previously described. Visual analogue pain scale on arm (Arm-VAS) was assessed preoperatively
and postoperatively (1, 3, 6, 12 month and yearly thereafter). All patients were clinically followed
for 24.5±20.0 months. The minimal clinically important difference of the Arm-VAS was set at 2.5.
Patients with preoperative cervical curvature ≥10° were included in group I (n=32) and cervical
curvature <10° or kyphosis were included in the group II (n=39). Results: At the last follow up,
68/71 (96%) patients showed significant reduction of arm pain (Pre-operation, 7.4±2.0; post-operation, 1.5±2.0) after 1.74±0.29 months (95% CI; 1.18-2.31). The preoperative cervical curvature did
not influence the outcome (p=0.4, T-test) and time to reach the clinical endpoint (p=0.34, Cox-logistic
regression analysis). Conclusion: P-PECF effectively reduced radicular pain due to foraminal soft
disc herniation or stenosis. Preexisting loss of lordosis is not a risk factor for outcomes of P-PECF.
Key Words: Cervical, Endoscope, Kyphosis, Outcome, Pain, Spine, Surgery

INTRODUCTION
The first line management of cervical radiculopathy is medications or epidural steroid injections that can reduce the pain
19)
and inflammation . If the symptoms persist after these treatments, surgical intervention must be considered5,8,12,14,20). The
anterior cervical discectomy and fusion (ACDF) is currently considered as the standard surgical technique1,12,13,27). However, disadvantages of ACDF including limited neck motion, surgical mor-

bidity, or degeneration of the adjacent segments have inspired
the need for motion preserving and less invasive surgeries4,29,32).
Artificial disk replacement may be considered for preserving
neck motion, but numerous studies have reported complications
such as heterotopic ossification, spontaneous fusion, or mechanical failure12,16,23). Motion preservation surgery such as posterior
cervical foraminotomy could be a suitable alternative that can
avoid complications related to fusion or instrumentation5,8,20).
Nevertheless, there is a concern with open posterior foraminotomy; inevitable damages on facet joints and muscles may shift
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weight-bearing axis anteriorly, thereby worsening cervical lordo8,9,34)
. Jagannathan et al. suggested that this phenomenon
sis
would lead to development of kyphosis after posterior foraminotomy, especially for the patients with preexisting cervical deformity, such as loss of cervical lordosis8). Recent advance in
endoscope and tubular retractor has allowed foraminotomy and
diskectomy to be performed microscopically with less operation-related trauma14,25). Posterior percutaneous endoscopic
cervical foraminotomy (P-PECF) is one of the minimally invasive
endoscopic techniques of posterior foraminotomy13,25). Clinical
studies and meta-analyses have shown that minimally invasive
foraminotomy and/or diskectomy had equal effectiveness to
ACDF for patients with radiculopathy1,12,14,17,25). Endoscopic techniques especially lessens the neck pain secondary to injuries of
3,5,6)
muscles compared to the open procedure . Nevertheless,
there is still a concern with P-PECD that violation of facet joint
may still lead to destabilization of the posterior column and
subsequent kyphotic change of cervical curvature12,13). However,
effective alleviation of radicular symptoms by P-PECD can greatly
reduce functional change of spinal curvature due to pain and
muscle spasm13,15). If so, kyphotic change or worsening of symptoms may not occur in the patients, even with preexisting loss
of lordosis. Application of P-PECF, therefore, may not be contra-indicated for patients with less lordosis preoperatively. Previously we have shown that cervical curvature did not worsen
after P-PECF for patients with preoperative cervical lordosis
of <10° or kyphosis13). There is a need for more evidence on
the clinical and radiological outcomes of P-PECF to address
this issue. The objective of the present study was to examine
association between clinical outcomes of P-PECF and preoperative cervical curvature. We performed nested case-control study
between groups of patients with preoperative lordosis of <10°
and preoperative lordosis of ≥10° as previously defined8).

MATERIALS AND METHODS
1. Patients
The study was approved by the institutional review board
at the Seoul National University Hospital (H-1210-078-434). We
reviewed 71 consecutive patients (M:F=46:25; mean age, 48.9
±10.4 years) who received single level unilateral P-PECF by a
single senior surgeon (CHK) between May, 2010 and September,
2015. Magnetic resonance (MR) imaging and computed tomography (CT) scan for diagnosis were taken within 1 month before
the surgery. Anterior-posterior and lateral X-rays for postoperative analysis were taken within 2 weeks before the surgery.
For the standardized neck position, patients stood up straight
and looked ahead during X-ray imaging13). The P-PECD was performed for patients with a radiculopathy due to single-level
cervical foraminal soft-disk herniation or foraminal stenosis,
and positive Spurling’s test11-13,31). The degree of degeneration
of the disk was evaluated with T2-weighted sagittal magnetic
resonance (MR) imaging as described by Pfirrmann et al.22), and
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grades of I, II and III (inhomogeneous structure of the disk with
an intermediate, gray signal intensity with a preserved or slightly
decreased disk height) were considered to be acceptable for
a P-PECF, if indicated11-14). P-PECF was not indicated for patients
with pure neck pain, gross cervical instability, symptomatic central
disk herniation, central stenosis or myelopathy, severe facet
degeneration (joint space narrowing, facet hypertrophy or large
osteophyte)21), and ossification of the posterior longitudinal ligament11-13,30). At the preoperative visits, patients completed paper
questionnaires to evaluate their symptoms. Neck disability index
(NDI; 50 max score being the worst symptoms), and visual analogue scale on neck (neck-VAS; 10 max score being the worst
symptoms) and visual analogue scale on arm were used to evaluate
patients’ symptoms before the operation. After P-PECF, patients
were discharged the day after the operation without neck collar
and were encouraged to freely move the neck11-13). Patients
were scheduled to visit the outpatient clinic at postoperative
1, 3, 6 and 12 months and yearly thereafter. All patients were
clinically followed for 24.5±20.0 months (median, 20 month; range:
1-62).

2. Surgical Methods
The surgical methods were similar to those previously reported11-13,27,28). All operations were performed under general
anesthesia. Patients were in the prone position with three-point
Ⓡ
pin fixation devices with a table mounted holder (Mayfield system, Intergra, Painsboro, JN) or craniocervical traction with a
Gardner-Wells tongs skeletal fixation system (Fig. 1A)11-13). The
neck was held in flexed position in order to widen the interlaminar
window with minimized overlapping of facet joints11-13). All 71
operations were performed completely under percutaneous fullendoscopic technique without converting to open surgery (Fig.
1B)13). Skin incision of 8 mm was made above the medial junction
of the inferior and superior facet joint (V-point, Fig. 1C), which
was identified with an intraoperative orthogonal fluoroscopic
image, the obturator (6.9 mm outer diameter). Working channel
Ⓡ
(7.9 mm outer diameter) and endoscope (Vertebris , Richard
Wolf GmbH, Knittlingen, Germany) were introduced (Fig. 1D)
through the incision11-13). The entire operation was performed
under visual control and continuous irrigation with normal saline,
which was hung about 1.5 m above patient11,13,27,28). Once the
soft tissue around the V-point is cleared, access window was
created by removal of bone around the V-point (Fig. 1C)11-13).
Descending lamina, ascending lamina, and facet joint were successively drilled to create a space of 3-4 mm radius, while the
size of the space may vary depending on the size and location
of the herniated disc material11-13). Lateral margins of the dura
and exiting nerve root were identified after removal of ligamentum
flavum. Soft tissues and vessels around nerve root were meticulously coagulated to control bleeding. Ruptured disc fragments
were identified from axillar or shoulder of nerve root and were
removed in 48 patients. Decompression of nerve root was confirmed by both visualization and palpation from points either
inferior or superior to the nerve root11-13). After the operation,
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Fig. 1. Surgical procedures. Ⓐ Skeletal fixation with Gardner-well tongue. Ⓑ For right-handed surgeon, the left hand holds
endoscope, and the right hand holds instruments such as drill, forceps and punch. Ⓒ Reconstructed 3-D computed tomography
scan after operation shows that lamina and facet joint are drilled-out from V-point and the foraminotomy is performed (bony
defect inside circle). Ⓓ The endoscope is introduced on the V-point.

Fig. 2. Measurement of
Cervical angle The C2-C7
tangential method measures the angle formed
at the intersection of extended tangents drawn at
the posterior margin of C2
and C7 vertebral body.
a closed suction drain was inserted through the working channel
in case of epidural bleeding and it was removed the next day11-13).

3. Radiological Measurements
Cervical curvature was measured using the C2-C7 tangential
method on the lateral X-ray (Fig. 2) by an independent medical
student blinded to the clinical information of patients7,13).
Negative value of cervical curvature indicates lordosis and positive value indicates kyphosis. Measurements were performed
with the tools in the picture archiving and communication systems
(Marosis, version 5483, Infinitt Healthcare, Seoul, Korea) in 200%
magnified images, which ran in a Microsoft Windows environment
(Microsoft Corp., Redmond, WA, USA)10,12,13).

4. Statistical Analysis
For data analysis, patients were grouped according to preoperative cervical curvature. Patients with preoperative cervical
curvature more lordotic than -10° were included in group I
(n=32), while patients with cervical curvature less lordotic than

Fig. 3. Cumulative success rate of the operation. 30/32 (94%)
patients with cervical lordosis ≥10° (group I) showed successful
outcome at 2.3±0.6 months (95% CI, 1.3-3.5). 38/39 (97%) lordosis
<10° (group II) showed successful outcome at mean 1.2±0.1
months (95% CI, 0.98-1.32) after the surgery. Two groups did not
show significant difference in time to reach the clinical endpoint of the surgery (p=0.34).
-10° or kyphotic were included in group II (n=39). Student’s paired t-test and Chi-square test were used to make comparisons
between the groups. To assess successful outcome of the treatment, clinically important change was defined as Arm-VAS <2.5,
Neck-VAS <2.5, and NDI <7.5, respectively, in accordance with
the previous literature2). Kaplan-Meier analysis was utilized to
assess cumulative success rate during follow-up. Cox-logistic
regression analysis was performed to assess influence of cervical
curvature on clinical outcome. Considered co-variates were
age, sex, side, and disease category (soft disc herniation vs.
foraminal stenosis). All statistical analyses were completed using
SPSS (version 22.0, SPSS, Chicago, Illinois, United States), and
statistical significance was defined as p<0.05 (two-sided).
JMISST 1(1) September 2016 13
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Table 1. The characteristics of patients
Group I Group II
Total
p-value
(n=32)
(n=39)
Age (mean±SD)
52.4±9 45.9±10.8 48.9±10.5 0.01
(range)
(31–68) (26–70)
(26–70)
Sex (M:F)
19:13
27:12
46:25
0.38
Level
C3-4
1
1
C4-5
3
2
5
C5-6
10
13
23
C6-7
15
19
34
C7-T1
4
4
8
Side (R:L)
9:23
19:20
28:43
0.77
Soft disc herniation
22
26
48
0.72
Kyphosis
0
11
11
Clinical follow-up
25±19
24±21
25±20
0.79
(mo)
(1–62)
(1–61)
(1–62)
Radiological
9±13
10±15
10±14
0.76
follow-up (mo)
(0–55)
(0-54)
(0–55)

Table 2. Clinical outcomes according to the group
*
Mean
SD
p-value
preop
Group I
23.2
8.3
0.8
NDI
final
VAS-neck

preop
final

VAS-arm

preop
final

Group
Group
Group
Group

II
I
II
I

22.7
4.2
4.1
5.3

8.0
5.3
4.3
2.4

Group
Group
Group
Group

II
I
II
I

5.3
1.3
1.3
7.3

2.9
1.8
1.6
2.0

Group II
Group I
Group II

7.4
1.3
1.7

2.0
1.6
2.2

0.9
1.0
0.9
0.9
0.4

*

Comparison between group I and II

RESULTS
The characteristics of patients were described in Table 1.
At the last follow up, 68/71 (96%) patients who underwent cervical
foraminotomy had significant reduction of arm pain, which was
set as the primary endpoint of the surgery2). Preoperative arm-VAS
score significantly decreased from 7.4±2.0 to 1.5±2.0 (p<0.05)
at the last follow-up. The successful outcome was reached 1.74
±0.29 months (95% CI; 1.18-2.31) after the operation (Fig. 3).
Because the patients were followed at pre-determined time
points, clinically important change of Arm-VAS was regarded
to have occurred between 1 and 3 month follow ups15). Postoperative arm-VAS of group I and group II were 1.3±1.6 and 1.7±2.2,
respectively, with no significant difference (p=0.4). Mean time
to reach the clinical endpoint for the two groups were not
significantly different (group I vs. group II; 2.3±0.6 vs. 1.2±0.1
months, p=0.34). As the result of Cox-logistic regression analysis,
there was no prognostic factor for outcome of the surgery
(p-value of age, sex, side and disease category: 0.80, 0.83, 0.38
and 0.64, respectively). Patients without improvement of pain
did not undergo further surgery. Although 2 out of 68 improved
patients experienced recurrence of arm pain at 36 and 54 months,
respectively, the recurred pain was controlled with epidural
steroid injections.
Neck-VAS and NDI also significantly decreased for group
I and group II (Table 2). 67 out of 71 (94%) patients reached
the clinical endpoint for NDI after 2.32±0.39 months (95% CI,
1.55-3.08), while 66/71 (93%) patients reached the clinical endpoint for neck-VAS after 4.10±0.90 months (95% CI, 2.35-5.86).
Group I and group II showed no significant difference on NeckVAS and NDI scores (Table 2 and Fig. 4).
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Fig. 4. Comparison of clinical outcomes between the two groups.
Group I: preoperative cervical lordosis ≥10°, Group II: preoperative cervical lordosis <10°. Preoperative Neck disability index
(NDI), neck pain (NVAS) and arm pain (AVAS) were not different
between the two groups. The clinical parameters were significantly decreased in both groups without significant difference
between groups (p>0.05).
Complication occurred in 3 patients. Postoperatively, C6 nerve
palsy occurred in 1 patient after operation at C5-6. Manual
motor power was III/V in elbow flexion. The weakness was resolved
with rehabilitation therapy 6 months after the surgery. Transient
dysesthesia occurred in 2 patients (due to thermal injury in one
and dural tear in the other), which persisted less than 1 week
without sequelae11-13).

1. Case
A 42-year-old female patient presented with right neck pain
shooting down to forearm and wrist, which started 6 month
ago. The pain was intractable to medications or epidural injections. Her NDI, neck-VAS, and arm-VAS were 35/50, 10/10, and
10/10, respectively. Preoperative lateral X-ray showed kyphotic
cervical curvature (3.8°) (Fig. 5A). Preoperative T2-weighted MR
images showed that right C7 nerve root was compressed by
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and 3 months postoperatively (mean, 1.74±0.29 months) (pre-op
arm-VAS: 7.4±2.0; post-op arm VAS: 1.5±2.0; p<0.05). By the
last follow up, 96% of patients reported no or negligible arm
pain. Similarly, clinical endpoint of NDI and Neck-VAS was
reached between 1 and 3 months after the surgery for all patients.

1. Posterior percutaneous endoscopic cervical foraminotomy (P-PECF)

Fig. 5. Case. Ⓐ Preoperative X-ray shows cervical angle of +3.8°
(kyphosis). Ⓑ Preoperative sagittal and axial magnetic resonance
(MR) images show right side soft disc herniation at C6-7 (Arrows).
Ⓒ Intraoperative photo shows ruptured disc compressing nerve
roots at the axilla (left). Ruptured disc was removed (middle)
and decompression is confirmed (right). Both superior and inferior parts of the nerve roots were decompressed. Ⓓ Postoperative sagittal and axial magnetic resonance (MR) images show
that the right side soft disc herniation at C6-7 has been removed (Arrows). Ⓔ X-ray taken 12 month after the operation shows
cervical angle of -13.16° (lordosis).
a herniated disc material (Fig. 5B). P-PECF with discectomy was
performed at C6-7 (Fig. 5C). Decompression of nerve roots were
confirmed on MR images (Fig. 5D). At the 12-month follow up
visit, she reported NDI, neck VAS, and arm VAS to be 0/50,
0/10, and 0/10, respectively. Patient’s 1-year postoperative x-ray
image showed recovery of cervical lordosis (-13.16°) (Fig. 5E).

DISCUSSION
Full endoscopic cervical foraminotomy and diskectomy have
been gaining evidence as an alternative treatment for patients
with unilateral radiculopathy due to soft disc herniation or foraminal stenosis11-14,20,27,28,33). The objective of the study was to
examine clinical outcomes of post-PECF and compare the outcomes between patients with preserved lordosis (≥10°) and
patients with less lordosis (<10°). Results from our study were
similar to previous findings13,27,28); more than 80% of the patients
experienced successful reduction of arm pain between 1 month

Posterior cervical foraminotomy is surgical technique that
partially removes lamina and facet joint to widen neural foramen
and decompress nerve roots5,24). This procedure is usually indicated for patients with unilateral radiculopathy. Retrospective
propensity-score matched study showed that the reoperation
rate of posterior foraminotomy was comparable to ACDF18).
Previous studies showed favorable results with minimally invasive
12-14,24,27)
.
cervical foraminotomy compared to open foraminotomy
In this regards, P-PECF may be an acceptable treatment for
patients with narrowing of unilateral neural foramen either by
soft disc herniation or bony stenosis1,17,25). However, the major
issue of posterior foraminotomy is postoperative progression
to cervical kyphosis, and anterior instrumented correction has
been recommended for this reason. Even with the microscopic
approach13,25), P-PECF may damage facet joint to destabilize
the anterior-posterior balance of spinal neural arch complex3,8).
Nevertheless, outcomes of P-PECF may be different from open
foraminotomy, because P-PECF still has less surgical trauma
on facet joint and especially spine muscles8,12,13,25). Therefore,
P-PECF resolves the issue of open foraminotomy regarding per3,5,6)
sistent neck pain secondary to muscle tear . The data from
this study also supports P-PECF can effectively resolve neck
pain (pre-op vs. post-op NDI: 23.0±7.9 vs 4.3±5.4, p<0.05; pre-op
vs. post-op Neck-VAS: 5.3±2.7 vs. 1.2±1.6; p<0.05). Functional
change of cervical curvature due to neck pain is less likely
to occur after P-PECF, and patients may not be as vulnerable
to progressive angulation as in open foraminotomy13). Hence,
preexisting loss of lordosis (<10°) may not always be a contra-in8)
dication for P-PECF . We have previously shown that cervical
curvature did not worsen after P-PECD for patients with preoperative cervical lordosis of <10° or kyphosis13). In this study,
we examined the topic of whether cervical curvature would
influence clinical outcomes of endoscopic foraminotomy. 96%
of patients reported successful reduction of clinical symptoms
(represented in Arm-VAS, NDI and Neck-VAS), and the clinical
outcomes were not different between patients with lordosis
≥10° and patients with lordosis <10° (Table 2). This finding is
along the same line with our previous study, which concluded
that cervical curvature did not worsen for patients with lordosis
<10°13). Based on the results of both studies, we suggest that
preoperative cervical curvature is not related to clinical outcomes of endoscopic cervical foraminotomy. Nevertheless, the
surgical damage to facet joint and musculature may offset the
temporary improvement, and neck or arm pain may worsen
with time. A long-term follow-up observation is necessary to
find the trade-off point between natural return of curvature
and aggravation of curvature because of surgical trauma, which
JMISST 1(1) September 2016 15
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may not be -10° of cervical curvature.

2. Limitation of the present study
This study had several limitations. First, the study is susceptible
to selection bias because of its retrospective design. The number
of patients included in this study is small and there may be type
I statistical error. Secondly, functional change of cervical curvature
was not clearly defined. We applied P-PECF for patient with predominant arm pain when degenerative change at the disc and facet
joint were not severe. However, prognostic factor for return of
the normal curvature is still unclear. This topic will be examined
in our next study. Moreover, the follow-up periods were not uniform
across the patients. A larger prospective study is necessary to
find out ideal surgical candidate for P-PECF. Third, the P-PECF
is not a wide-spread surgical procedure and there was limitation
of generalizability. Endoscopic technique has a high learning curve
that requires considerable amount of training and it may depend
on expertise of a surgeon3,12,26). Finally, radiological outcomes were
not included in the present study. Clinical improvement does
not always indicate successful surgical outcome, and the assessment should be supported with radiological data. Radiological
analysis will be included in our prospective study. Nonetheless,
the present study showed feasibility of applying P-PECD to the
patients who have less cervical lordosis.

CONCLUSION
P-PECF is an effective surgical technique for treating radicular
pain in patients with foraminal soft disc herniation or stenosis.
Clinical outcomes of P-PECF was independent of preoperative
cervical curvature. Therefore, we suggest that P-PECF may be
a good surgical option to resolve radicular pain symptoms, even
for patients with loss of cervical curvature. Long-term radiological and clinical outcome analyses are required to further
investigate on the application of P-PECD to patients with less
cervical lordosis.
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Objective: A key determinant of the performance of pedicle screw systems is the strength of
their attachment to the spine. The authors initially injected hydroxyapatite cement into the prepared screw hole before actual screw insertion in order to provide additional strength to this system and assessed its benefit in the fusion operation for the patients with osteoporosis. Methods:
Among the 21 patients who were diagnosed as grade I degenerative spondylolisthesis on L4-5
level with osteoporosis, nine patients were treated by transforaminal lumbar interbody fusion (TLIF)
with screw augmentation with hydroxyapatite and the rest 12 patients underwent TLIF only. The
plain radiographs were periodically checked during and up to 2 years after the operation. The
changes of the angles between the vertebral bodies, between the upper and lower screws, between the screw and lower endplate of each body, and posterior disc height changes were serially
measured and compared between these two groups. Results: The angle between the upper screw
and the lower endplate of upper vertebral body showed gradual decrease from 8.93° to 5.79° for
the TLIF only group while well maintained for the augmentation group from 6.84° to 6.93° (p=
0.053). Most of these significant angle changes occurred between 1 month and 6 months after
the operation (p<0.05). Conclusion: Most of the screw construct changes occurred in the upper
level of fixation during 1 month to 6 months after fusion surgery in spondylolisthesis patients
with osteoporosis. For these, the screw augmentation with hydroxyapatite demonstrated the improvement in maintaining the screw construct especially in the upper level of fixation.
Key Words: Hydroxyapatite, Osteoporosis, Screw augmentation

INTRODUCTION
For the past decades, pedicle screw fixation has been regarded
as a standard measure to obtain a rigid internal stabilization
of the unstable spine. This system has been used successfully
in various degenerative spinal disorders, including spondylolisthesis and stenosis because it has the advantages of providing
three-column fixation, facilitating the instrumentation of short
segments, and maintaining the anatomic or desired sagittal alignment of spinal curvature. In order to achieve these merits, a
firm anchorage of the screws to the vertebral bodies is required
and this is directly related to the quality of bone into which
screws are placed1,2,3). Otherwise, the major complications of
instrumentation such as loss of fixation or loosening of the
construct might occur, especially in osteoporotic vertebrae.

Maintaining a constant screw construct would not be a simple
issue after fusion surgery for the patients with osteoporosis
and lots of different methods to improve the purchase of screws
has been investigated using animal or cadaveric model. These
include the augmentation of the screws with polymethylmethacrylate4,5), modification of the design of the thread, the shape,
and surface of the screws5,6). Despite these devise, there were
no definite description of the benefit of these augmentation
in maintaining the screw construct over a certain period of time
after its performance to the patients.
In the current study, we performed the fusion surgery to
the patients with degenerative spondylolisthesis with screw augmentation using the hydroxyapatite and compared its result
to that of those without augmentation. This hydroxyapatite has
already been reported to have the advantage of being resorbed
and replaced during healing and normal bone remodeling7,8).
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Because the real parameters for measuring the screw purchase
strength such as extraction torque or pull-out strength cannot
be measured from the actual patients, several indirect radiographic parameters were measured to assess the maintenance
of the screw construct during the each follow-up. This comparative study might provide the tip of suitability of hydroxyapatite cement for augmenting the initial fixation of screws
and its advantage in maintaining a constant screw construct
in senile, osteoporotic vertebrae.

MATERIALS AND METHODS
1. Patients
The 21 consecutive patients who were diagnosed as grade
I degenerative spondylolisthesis on L4-5 level with osteoporosis
and then treated with transforaminal lumbar interbody fusion
(TLIF) operations between December 2002 and June 2004 at
our institution with the minimum follow-up period of two years
were included in this study. The diagnosis of osteoporosis was
based on the measurement of bone mineral density (BMD) by
T-score of less than -3.0 by dual-energy X-ray absorptiometry
(DEXA) performed both on the femoral joint and lumbar vertebral
body before operation. Among these, nine patients were treated
by TLIF with screw augmentation with hydroxyapatite and the
rest 12 patients were treated with TLIF only. The choice of
the surgical modality was arbitrary according to the consent
from the patient to pay for the extra cost for using the hydroxyapatite cement after they were explained as to the possible
benefit that could be yielded by performing the screw augmentation. The augmentation group consisted of eight female and
one male patient with the mean age of 66.6 years (range; 57
to 73 years) and the all twelve patients in the TLIF only group
were female with the mean age of 66.9 years (range; 62 to
77 years). The mean T-scores after BMD on the lumbar vertebrae
and femoral joint were -3.45 and -2.7 for the augmentation
group and -3.54 and -2.7 for the TLIF only group. The detailed
informations on the demographic features of both groups are
listed in Table 1.

2. Insertion of pedicle screw
In all 21 patients regardless of the group, the TLIF operations
were performed by the same senior surgeon (H.Y. Lee) in the
author list. After the performance of lumbar interbody fusion
using the polyethyetherketone (PEEK) cages, standard anatomical landmarks from intraoperative fluoroscopy were used for
the identification of the pedicles and the confirmation of the
proper position of the screws. The entry point to base of pedicle
was passed by electric drill with 4 mm-diameter burr instead
of using standard awl or tapering tool to avoid injury to the
cancellous portion of the pedicle even before screw insertion.
Then the screw path in the body was created with 10 gauze
Poverty needle (Kyeongwon Medical, Seoul, South Korea) for

Table 1. The demographic features and the measurement of
bone mineral density (BMD) by T-score value on dual-energy
X-ray absorptiometry (DEXA) for the hydroxyapatite cement
screw augmentation group (patient 1 to 9) and transforaminal
lumbar interbody fusion (TLIF) only group (patient 10 to 21)
BMD
BMD
F/U period
Patient Sex/Age Diagnosis
spine femoral
(mos)
1
F/61
L4-5 SPL -2.81
-2.76
49
2
F/67
L4-5 SPL -3.90
-3.13
45
3
F/64
L4-5 SPL -3.67
-3.58
44
4
F/71
L4-5 SPL -3.80
-3.00
42
5
F/73
L4-5 SPL -3.30
-2.70
42
6
M/70
L4-5 SPL -3.90
-2.80
40
7
F/68
L4-5 SPL -3.10
-3.70
40
8
F/68
L4-5 SPL -3.50
-1.50
39
9
F/57
L4-5 SPL -3.10
-1.10
37
mean
/66.6
-3.45
-2.70
42
10
F/62
L4-5 SPL -3.40
-1.70
36
11
F/63
L4-5 SPL -3.00
-1.00
35
12
F/63
L4-5 SPL -4.31
-3.17
37
13
F/63
L4-5 SPL -3.20
-3.30
34
14
F/64
L4-5 SPL -3.40
-2.70
35
15
F/66
L4-5 SPL -3.80
-4.00
32
16
F/68
L4-5 SPL -3.10
-1.90
39
17
F/69
L4-5 SPL -3.90
-3.10
42
18
F/69
L4-5 SPL -3.40
-3.10
40
19
F/69
L4-5 SPL -4.00
-3.50
32
120
F/70
L4-5 SPL -3.20
-1.10
37
21
F/77
L4-5 SPL -3.80
-3.80
36
mean
/66.9
-3.54
-2.70
36.2
F: female, M: male, SPL: spondylolisthesis, F/U: follow-up
vertebroplasty, which has the property of outer diameter of
3 mm and inner diameter of 2.2 mm. In the nine patients who
agreed with the use of hydroxyapatite cement, needle was drawn
back about 1 cm to create a void for all pedicles. About 2 cc of
BoneSource hydroxyapatite cement (Stryker Howmedica Osteonics, Kalamazoo, Mississipi) was injected through the needle.
Due to the mud-like nature of hydroxyapatite cement, tapping
of inlet into the needle was necessary to achieve a complete
injection. The typical mixture of these BoneSource cement consisted of liquid to powder ratio of 5 cc to 10 gm. We usually
injected the BoneSource cement just after mixing without haste
because unlike PMMA cement, pedicle screws could be inserted
even after full hardening of hydroxyapatite cement. Then, bilaterally for each vertebra, a 6.5 mm diameter and 45±5 mm
long Diapason System Pedicle Screws (Stryker Osteonics, Allendale,
New Jersey) were inserted into the pedicles. The cement was
allowed to harden for 24 hours after implantation with the patient
in bed rest.
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Fig. 1. The schematic illustration demonstrating our method
of measuring the absolute values of the angles between the
vertebral bodies at the operated level (angle formed between
line 2 and 4), between the upper and lower screws (angle formed between line 1 and 3), between the inserted screw and
lower endplate of corresponding vertebral body (angle formed
between line 1 and 2 or line 3 and 4), and posterior disc height
(dotted line) from the lateral radiographs at each corresponding period during the follow-up. The mid-axial line of each
screw was used for the angle measurement.

3. Radiological assessment
The plain antero-posterior (AP) and true lateral radiographs
were checked serially during operation, immediately after the
operation, 1 month, 3 months, 6 months, 1 year, and 2 years after
the operation. The absolute values of the angles between the
vertebral bodies at the operated level, between the upper and
lower screws, between the inserted screw and lower endplate
of corresponding vertebral body, and posterior disc height changes were serially measured from the lateral radiographs of the
each corresponding period. The mid-axial line of each screw
was used for the angle measurement. Because the two screws
inserted for each vertebral body usually were not exactly parallel
to each other on plain radiography, the screws inserted on
the side of laminectomy and fascetectomy during TLIF were
chosen for the radiographic measurement. These radiological
changes were measured with aid of the PiView program (Infinitt
Co., Seoul, South Korea) and the mean values were recorded
after twice respective measurement by the first author (J.H.
Lee) who was not involved with surgery. For the comparison
between the two groups, (1) the absolute values of the mean
angle and height at each corresponding period, (2) setting the
measured values during the operation as index point, the amount
of changes in angles or height over the time from index point
to the each period, (3) the amount of changes in angles or
height between each serial period were calculated (Figs. 1 and 2).

4. Statistical analysis
An analysis of variance (ANOVA) was conducted to assess
the significance of the differences among the values measured
at each follow-up period in each group, while an independent
20 www.jmisst.org

Fig. 2. An illustrative case of performing the transforaminal
lumbar interbody fusion (TLIF) with screw augmentation by hy
droxyapatite cement. The preoperative lateral radiograph from
57-year old female patient (case 9 from augmentation group)
demonstrated grade I spondylolisthesis between L4 and L5 with
the angle formed between the vertebral bodies to be 14.41°
and 6.29 mm of posterior disc height (upper left). The lateral radiograph taken immediately after the operation demon- strated the
radioopaque traces of the cement augmentation around the
screws with the angle between the vertebral bodies reduced
to 10.78° and the posterior disc height restored to 8.3 mm (upper
middle). The angle formed between the screws was 6.17° and
the angle between the upper screw and lower end plate of
L4 and the angle between the lower screw and lower end plate
of L5 were 2.25° and 6.86°, respectively. The serial lateral radiograph taken 1 month (upper right), 3 months (lower left), and 1
year (lower middle) after the operation demonstrate well-maintained screw construct. The lateral radiograph taken 2 years after
the operation demonstrated still remaining radioopaque traces
of the cement augmentation around the screws with the angle
between the vertebral bodies and the posterior disc height
slightly subsided to 7.39° and 5.26 mm, respectively. The angle
formed between the screws was also reduced to 2.54° but the
angle between the upper screw and lower end plate of L4
and the angle between the lower screw and lower end plate
of L5 were slightly increased to 4.55° and 9.41°, respectively
(lower right). However, the overall screw construct was still
well-maintained.
two sample t-test and a Wilcoxon rank sum test were performed
to evaluate the difference of the amount of changes that have
occurred during each sequential time-interval and from index
point to each period on follow-up.

RESULTS
1. Angle changes between the vertebral bodies
The mean angles between the vertebral bodies at the operated
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Table 2. The amount of changes of the angles (°) between the
vertebral bodies from index point to certain period during the
follow-up
Hydroxyapatite TLIF only
p-value
group
group
Intraop – immed. postop
1.91±1.90
1.31±1.18 p>0.05
Intraop – postop 1 mn
2.12±1.92
2.16±1.54 p>0.05
Intraop – postop 3 mn
2.45±1.41
2.53±1.61 p>0.05
*
Intraop – postop 6 mn
0.93±0.83
2.90±1.80 p=0.039
Intraop – postop 1 yr
3.49±4.02
3.44±2.01 p>0.05
Intraop – postop 2 yr
2.51±2.67
2.39±1.55 p>0.05
Intraop: intraoperative, immed. postop: immediately after operation, mn: month, yr: year

Fig. 4. The changes of posterior disc heights over serial follow-up.
The mean posterior disc heights between the vertebral bodies
at the operated level have significantly reduced from 9.48
mm to 5.39 mm for the augmentation group (p<0.05) and from
10.08 mm to 6.61 mm for the TLIF only group (p<0.05) without
any significant difference between two groups.
Table 3. The amount of changes of the angles(°) between upper
and lower screws from index point to certain period during the
follow-up
Hydroxyapatite TLIF only
*
p-value
group
group

Fig. 3. The changes of angles between the vertebral bodies
over serial follow-up.
level have reduced over two years of follow up from 14.09°
to 10.3° for the hydroxyapatite augmentation group and 13.05°
to 10.84° for the TLIF only group (p>0.05). Of all the comparison
parameters between the two groups, only the mean difference
of the degree of angle reduction occurred during the period
from the operation to post-operative 6 months between the
two groups showed statistical significance (-0.93° for the former
vs -2.9° for the latter group, p<0.05). The results of the angle
changes between the vertebral bodies for each group are summarized in Table 2 and Figure 3.

2. Changes of the posterior disc heights
The mean posterior disc heights between the vertebral body
at the operated level have significantly reduced for each group
over two years of postoperative period from 9.48 mm to 5.39 mm
for the augmentation (p<0.05) and from 10.08 mm to 6.61 mm
for the TLIF only group (p<0.05). However, the amount of reduction occurred between each period or from the index point
to certain postoperative period showed no significant difference

Intraop – immed. postop
1.92±1.66
1.26±0.87 p>0.05
Intraop – postop 1 mn
2.35±1.80
2.22±1.63 p>0.05
Intraop – postop 3 mn
2.68±2.43
2.50±1.75 p>0.05
Intraop – postop 6 mn
3.02±2.46
3.11±1.88 p>0.05
Intraop – postop 1 yr
3.21±2.20
3.64±2.06 p>0.05
Intraop – postop 2 yr
4.05±2.69
3.67±2.49 p>0.05
Intraop: intraoperative, immed. postop: immediately after operation, mn: month, yr: year
*
The degree of angle changes occurred from the index point
to certain postoperative period showed no significant difference
between two groups (p>0.05).
between two groups. The results of the changes in the posterior
disc heights for each group are summarized in Figure 4.

3. Angle changes between the upper and lower screws
Although statistically not significant, the mean angle between
the upper and lower screws showed gradual decrease from
14.86° to 9.42° for the TLIF only group while well maintained
for the augmentation group from 9.62° to 9.95°. However, the
degree of angle changes occurred between each period or
from the index point to certain postoperative period showed
no significant difference between two groups. The results of
the angle changes between the upper and lower screws for
each group are summarized in Table 3 and Figure 5.
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Table 4. The amount of changes of the angles (°) between upper screw and lower end plate of L4 from index point to certain
period and between certain time intervals during the follow-up
Hydroxyapatite group
TLIF only group
p-value
Intraop – immed. Postop
0.37±0.43
1.17±1.35
p=0.048*
Intraop – postop 1 mn
3.62±3.27
1.82±1.57
p>0.05
Intraop – postop 3 mn
3.61±3.23
2.69±1.82
p>0.05
+
Intraop – postop 6 mn
0.72±0.34
3.17±1.89
p=0.003
Intraop – postop 1 yr
1.93±1.48
2.40±1.75
p>0.05
Intraop – postop 2 yr
2.07±1.30
2.49±2.45
p>0.05
Intraop – immed. Postop
0.37±0.43
1.17±1.35
p=0.048
immed. Postop – postop 1 mn
0.58±0.47
0.99±0.65
p>0.05
**
postop 1 mn – postop 3 mn
0.78±0.12
1.53±0.93
p=0.019
**
postop 3 mn – postop 6 mn
0.21±0.17
1.42±0.94
p=0.001
postop 6 mn – postop 1 yr
0.93±1.02
1.34±1.07
p>0.05
postop 1 yr – postop 2 yr
0.64±0.45
0.63±0.59
p>0.05
Intraop: intraoperative, immed. postop: immediately after operation, mn: month, yr: year
*
Statistically significant degree of mean angle change of 1.17° have occurred for the TLIF only group compared to 0.37° for
the augmentation group during the period between the index point and immediate postoperative period (p=0.048).
+
More significant mean angle changes of 3.17° have occurred for the TLIF only group over the period between the index point
and postoperative 6 month (p=0.003).
**
Statistically significant angle changes have occurred for the TLIF only group between 1 month and 6 months after the operation
as the change between 1 month and 3 months for the TLIF only group was 1.53° compared 0.78° for the augmentation group
(p=0.02) and the change between 3 months and 6 months was 1.42° for the former compared to 0.21° for the latter group (p=0.001).

Fig. 5. The changes of angles between the upper and lower
screws over serial follow-up. Although statistically not significant,
the mean angle between the upper and lower screws showed
gradual decrease from 14.86° to 9.42° for the TLIF only group
while well maintained for the augmentation group from 9.62°
to 9.95° (p>0.05).

4. Changes of the angles between the upper screws
and lower endplates of L4
Statistically significant degree of mean angle change of 1.17°
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between the upper screws and lower endplates of L4 occurred
for the TLIF only group compared to 0.37° for the augmentation
group during the period between the index point and immediate
postoperative period (p=0.048). More significant angle changes
have occurred for the TLIF only group over the period between
the index point and postoperative 6 month (3.17° for the TLIF
only group vs 0.72° for the augmentation group, p=0.003). Most
of these significant angle changes seemed to have occurred
for the TLIF only group between 1 month and 6 months after
the operation as the change between 1 month and 3 months
for the TLIF only was 1.53° compared 0.78° of the augmentation
(p=0.02) and the change between 3 months and 6 months was
1.42° for the TLIF only compared to 0.21° for the augmentation
group (p=0.001). Although it revealed that the mean angle
change showed gradual decrease from 8.93° to 5.79° for the
TLIF only group while well maintained for the augmentation
group from 6.84° to 6.93°, this difference was of no statistical
significance (p= 0.053). The results of the angle changes between
the upper screws and lower endplates of L4 for each group are
summarized in Table 4 and Figure 6.

5. Changes of the angles between the lower screws
and lower endplates of L5
Compared to the changes in angle formed between the upper
screws and lower endplates of L4, the angles formed between
the lower screws and lower endplates of L5 were relatively
well maintained in both groups as the changes occurred only
minimally from 11.3° to 10.41° for the augmentation group and
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Fig. 6. The changes of angles between the upper screw and
lower end plate of L4 over serial follow-up. Although it revealed
that the mean angle change showed gradual decrease from
8.93° to 5.79° for the TLIF only group while well maintained for
the augmentation group from 6.84° to 6.93°, this difference was
of no statistical significance (p=0.053).
Table 5. The amount of changes of the angles (°) between lower
screw and lower end plate of L5 from index point to certain
period during the follow-up
Hydroxyapatite TLIF only
p-value*
group
group
Intraop – immed. postop
0.62±1.07
1.75±1.56 p>0.05
Intraop – postop 1 mn
1.26±1.25
2.00±1.27 p>0.05
Intraop – postop 3 mn
1.37±1.38
2.02±2.02 p>0.05
Intraop – postop 6 mn
0.67±0.32
1.86±1.76 p>0.05
Intraop – postop 1 yr
2.37±1.96
1.66±1.52 p>0.05
Intraop – postop 2 yr
2.91±2.00
1.64±1.81 p>0.05
Intraop: intraoperative, immed. postop: immediately after operation,
mn: month, yr: year
*
The degree of angle changes occurred between each period
or from the index point to certain postoperative period showed
no significant difference between two groups (p>0.05).
from 7.02° to 6.99° for the TLIF only group (p>0.05). Consequently,
the degree of angle changes occurred between each period
or from the index point to certain postoperative period showed
no significant difference between two groups. The results of
the angle changes between the lower screws and lower endplates
of L5 for each group are summarized in Table 5 and Figure 7.

DISCUSSION
Rigid fixation systems place high requirements on the loadcarrying capacity of the screw-bone interface. Poor bone quality
decreases the integrity of this surface, increasing screw micromotion and reducing stability and possibly fusion success1). In
severely osteoporotic bone, pedicle screw use without supple-

Fig. 7. The changes of angles between the lower screw and
lower end plate of L5 over serial follow-up. The angles formed
between the lower screws and lower endplates of L5 were relatively well maintained in both groups as the changes occurred
only minimally from 11.3° to 10.41° for the augmentation group
and from 7.02° to 6.99° for the TLIF only group (p>0.05).

Fig. 8. An schematic illustration depicting statistically significant
degree of mean angle change between the upper screws and
lower endplates of L4 occurred for the TLIF only group (right)
compared to the hydroxyapatite augmentation group (left) especially during the period between the index point and postoperative 6 month.
mentary augmentation might be precluded completely. Thus,
a need exists for a measure to augment and strengthen the
bone-screw interface that will reduce the risk of screw loosening
and increase the endurance limit for pedicle screw fixation.
With this regard, the polymethyl methacrylate (PMMA) has
been used in numerous animal or cadaveric studies in order
to improve this implant fixation. The injection of PMMA was
found to be effective augmentation method, increasing the
pullout strength to approximately 150% of the initial pullout
JMISST 1(1) September 2016 23
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9)
strength and dramatically improve the resistance to screw toggle
5)
caused by cyclic caudocephalad loading . However, although
PMMA has been shown to significantly increase the pullout
strength of pedicle screw fixation when inserted into the osteoporotic bones, there are several disadvantageous properties
associated with the use of PMMA. These include the risk of
tissue injury due to high exothermic polymerization temperature
of 40 to 100°C10), poor tolerance to fatigue, and its permanence
in the body3). Moreover, the pedicle screws augmented with
PMMA are also very difficult to remove, greatly complicating
revision surgery11). Thus a biodegradable cement that has similar
properties to PMMA, but that does not interfere with the natural
bone healing or remodeling process, would be an attractive
alternative for use in the augmentation of pedicle screws.
More recently, the suitability of nonexothermic, bioactive
hydroxyapatite (HA) cements for pedicle screw augmentation
has been investigated in this regard. Like PMMA, these cements
can be injected or packed into irregular bony defects in the
mixed, paste form. The injectable and in situ setting nature of
this cement means that the cement-bone interface area is large
which additionally contributes to the screw stability3,7). Also,
the HA cements are biocompatible and bioresorbable, meaning
that they are initially osteotransductive with rapid ossointegration after implantation and later osteoconductive with promoting
new bone replacement directly on the cement surface without
intervening fibrous tissue8,12), thereby forming a strong bond
between bone and implant while allowing for simpler revision
in the long-term13). They solidify in minutes, and within four
hours they attain 90% of their ultimate compressive strength,
which is known to be as high as 60 Mpa in 24-hour wet compressive
strength14). Moreover, unlike the polymerization of PMMA, the
solidification of HA cement involves precipitation and is essentially nonexothermic7), thereby precludes the potential for thermal necrosis of adjacent tissue.
The result from the current study demonstrated that the
statistically significant degree of mean angle change between
the upper screws and lower endplates of L4 occurred for the
TLIF only group compared to the augmentation group especially
during the period between the index point and postoperative
6 month (Fig. 8). Meanwhile, the angles formed between the
lower screws and lower endplates of L5 were relatively well
maintained in both groups. There are no proven results reported
previously in the literature to interpret this phenomenon but
our assumption would be that the upper level of the construct
is more vulnerable to the cephalocaudad mechanical loadings
that are being transferred to the screw construct during the
daily activity especially before acquisition of solid bony fusion
between two segments. This seems natural in mechanical point
of view, as most of the cephalocaudad loading during the daily
motion would be initially transferred to the upper body and
screw and then to the interbody cage during the stage of one
to six months after TLIF as the non-fused segments during
this postoperative period would not be able to act as a single
unit. As the previous series investigating the effects of the
posterior spinal instrumentation on the adjacent motion seg-
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ments, the instrumented constructs produce higher segmental
displacement values at the upper residual intact motion segment
when compared with those of the intact spine, suggesting that
more motion and loadings are being transferred to the upper
level of the construct rather than lower level after fusion15).
A more discrete biomechanical study such as the finite element
analysis for the fused segments should be ensued to support
this hypothesis.
In our surgical method, about 2 cc of the solution of the
HA cement powder mixed with sodium phosphate was injected
through the each tapped hole using the needle typically used
for vertebroplasty before inserting the actual screws. This is
somewhat different from the method of coating the pedicular
screws with plasma-sprayed HA that is frequently used in the
previous literature16-18), as the augmentation would only involve
the central vertebral body and tip of the each screw rather
than the pedicle or entire length of the screw. It is well known
that the stiffness of the pedicle provides most of the stability,
contributing 80% to cephalocaudad stiffness19), with stiffness
9,20)
of the vertebral body of secondary importance . Moreover,
reinforcing the entire screw-bone interface with cement has
the advantage of increasing the compressive strength of the
interface and it also increases the surface area of this interface3),
thereby decreasing the stress level. However, the result from
the study by Renner et al. using the cadaveric model demonstrated
that the average pull-out strength for the screws after injection
of HA cement only to the distal tip of the screw hole was 1617N,
which was not significantly different from 1852N measured after
injection of HA cement along the entire length of the screw
hole21). Since the initial stage of the screw loosening usually
starts with the development of pendular motion at the screw
tip and unlike the cancellous portion of the body, the density
of the pedicle cortex usually maintains its stiffness even in the
osteoporosis patients3), the authors presumed that the augmentation at the distal tip part of the screws would be sufficient
enough to maintain its construct. Moreover, performing the
fusion surgery sometimes require additional revision procedures
due to untoward problem such as extravasation of the cement
to spinal canal or screw or graft malpositioning or displacement,
especially for the osteoporotic patients. By using the fully coated
screws, the extraction would be extremely difficult as demonstrated by exceeding the range of torque wrench from the
study by Sanden et al.22,23,24,25). Therefore it may be possible to
achieve an enhanced purchase of the screw to bone with relatively lower risk of violating the exterior cortex of the pedicle4,16)
and easier extraction of the screw in case of the revisional
surgery by augmenting the distal tip of the screw only, as performed by the authors.
Since Caja and Moroni first described the improvement of
the purchase of HA-coated implants from implantation to extraction after an experimental study of external fixation in sheep
in 199626), numerous reports have demonstrated the excellence
of HA in improving the mechanical properties of screw fixation
by animal or cadaveric experimental model3,12,17,18,22-25,27). However,
these studies were focused on the ability of HA to obtain the
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rigid fixation immediately following the experimental surgery
and there was no in vivo study examining its biocompatibility
and effect on the biomechanical behavior after a long-term
follow-up. In a study performed by Sanden et al. comparing
the extraction torque of the screws either augmented with
HA or not from the four actual patient 10 to 22 months after
initial insertion, the extraction torques of the augmented screws
far exceeded the range of torque wrench with the values significantly higher than 600N cm compared to the standard screws
with the values less than 5N cm, which is below the range of
torque wrench22). This study was similar to the concept of the
current study as it demonstrated the well-maintained screwbone binding properties for the HA-coated screws after certain
time interval from the initial operation in actual patients. However,
it has the limitation of merely measuring the screw mechanical
property after performing only one screw-augmentation per each
patient with proper vertebral body quality without demonstrating
the ability of HA-coated screws in maintaining the entire screw
construct especially in the patient with poor bone quality. In
the current study, the authors have measured several indirect
radiographic parameters to assess the maintenance of the screw
construct at each follow-up interval because obtaining the mechanical parameters for measuring the screw purchase strength
such as extraction torque requires additional surgery for each
patient. Although the results derived from this measurement
seems to be indirect assumption without any direct quantified
results, the authors think that this method is sufficient enough
to demonstrate the superiority of screw augmentation in maintaining the screw construct in the osteoporotic patient without
requiring the additional surgery to verify this concept.

CONCLUSION
Both PMMA and hydroxyapatite are beneficial biomaterial
to augment the instruments used during fusion surgery for
these specific populations with osteoporosis. Unlike the heat
producing polymerization process of PMMA, the solidification
of hydroxyapatite (HA) cement involves precipitation and is essentially nonexothermic, thereby precludes the potential for
thermal necrosis of adjacent important neural tissue. Moreover,
the HA cements are biocompatible and bioresorbable, thus facilitating the removal of pedicle screws augmented during revisional
surgical events. Based upon our clinical series, most of the
screw construct changes occurred in the upper level of fixation
during 1 month to 6 months after fusion surgery in spondylolisthesis patients with osteoporosis. For these, the screw augmentation with HA demonstrated the improvement in maintaining
the screw construct especially in the upper level of fixation.
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Objective: The conventional microsurgical interlaminar approach for upper lumbar disc herniation
(LDH) can increase the risk of postoperative spinal instability due to excessive laminectomy and/or
facetectomy. The authors present a key-hole laminotomy (microsurgical translaminar approach)
for upper LDH, which allows less destructive laminotomy, and review the results of this surgical
technique. Methods: Between 2007 and 2014, 20 patients underwent single level discectomy in
the upper lumbar spine (L1-2 or L2-3) using a microsurgical translaminar approach. Mean patient
age was 58.0±12.0 years and minimum follow-up was 1.0 years. A retrospective review of clinical
and radiological data was conducted. Results: Back pain and leg pain were improved from an average
of 4.9±1.1 and 8.3±0.9 to 0.9±0.7 and 0.9±1.6 at 1-year postoperatively (p<0.001). According to
Odom’s criteria, symptom improvement was significant at 1-year follow-up visits. Disc height at
the operated level was decreased from 8.9±1.9 to 8.2±2.3 mm (p=0.043), and, total lumbar lordotic angle was increased from 26.8±10.8 to 36.6±10.6° (p=0.021). Excepting two case of post-operative additional nerve root block for remnant leg pain and recurrence there were no surgical complications. Conclusion: The key-hole laminotomy for upper LDH achieved favorable clinical outcomes without iatrogenic instability. The described key-hole laminotomy provides a safe, effective
alternative to the conventional interlaminar approach for upper LDH.
Key Words: Upper lumbar spine, Disc herniation, Microsurgical translaminar approach

INTRODUCTION
Microsurgical discectomy, which was introduced in the 1980’s,
is now established as the standard surgical treatment for lumbar
disc herniation (LDH). During microsurgical discectomy, the classic surgical technique for bone work is partial hemilaminectomy
with or without medial facetectomy from the inferior surface
of lamina (the spinolaminar junction), though the extent of laminectomy required depends on target fragment location and
disc level.
For upper LDH (L1-2 or L2-3) treated using the classic laminectomy technique, wide laminectomy, including pars interarticularis or facet joint, may result in iatrogenic spondylolysis or
segmental instability because of the anatomical characteristics
of the upper lumbar spine. Recently, to prevent the risk of iatrogenic instability during surgery for upper LDH, we performed
key-hole laminotomy (microsurgical translaminar approach),
which has been used for foraminal disc herniation in lower LDH

since 19983). Here, we review of our experiences from the clinical,
radiological, and surgical perspectives.

MATERIALS AND METHODS
1. Indication and patient population
The indications for discectomy surgery were as follows: (1)
Persistent severe low back pain (LBP) and radiating leg pain (LP)
despite adequate conservative treatment; (2) Severe LBP and
leg pain making daily life impossible; or (3) Severe paresis (motor
grade 3 or less).
From January 2007 to December 2014, 28 patients with upper
LDH underwent single level unilateral discectomy using a microsurgical translaminar approach. Eight patients were excluded
from the present study due to short-term follow-up (<1 year)
or follow-up loss. The remaining 20 patients were selected for
this study. All surgical procedures were performed by two surgeons (S.G. Lee and S. Son).
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2. Operative technique
After induction of general anesthesia, the patient is placed
in the prone position. A midline 2-3 cm skin incision is made at
the fluoroscopically marked level and subcutaneous tissue is
sharply divided. After incising muscular fascia and sweeping
paravertebral muscles laterally from the lamina, a Caspar-type
retractor is introduced to expose the hemilamina of the upper
vertebra and inter-laminar ligamentum flavum.
Under microscopic view, a round or oval, 6-8 mm sized fenestration is drilled through the lamina craniomedially to the facet
joint. The location of the hole depends on the location and morphology of the targeted extruded disc or migrated disc fragment.
After bone work, in most cases, the ligamentum flavum is reached
as the next layer, but in a few cases, the epidural space is encountered immediately. Therefore, to prevent tearing of dura mater,
we use a diamond drill during drilling the basal portion of the
fenestration close to the epidural space. The ligament is removed
carefully from the undersurface of the lamina with a 1- or 2-mm
Kerrison punch, and then the spinal canal is entered to identify
the traversing root. Because of the anatomical characteristics
of the upper lumbar level, this procedure permits exploration
of the intervertebral disc space and for migrated extruded
fragments. Evacuation of the intervertebral disc is dependent
on pre-operative planning and/or intra-operative findings. Figure
1 shows a 3-dimensional computed tomography (3D-CT) image
demonstrating the extent of fenestration in a patient with preoperative upper LDH.

3. Outcome evaluation
Clinical outcomes were assessed preoperatively and at each
follow-up visit (1 week, 1 month, and 1 year postoperatively) using
a visual analog scale (VAS) of the back and leg, Odom’s criteria,
and Oswestry Disability Index (ODI) of quality of life.
Lumbar MRI (magnetic resonance imaging), lumbar CT, and
dynamic radiography were performed prior to surgery and lumbar
MRI and CT immediately after surgery. In addition, dynamic radiography was performed at each follow-up visit. Disc height at
index level, segmental range of motion (ROM), and total lumbar
lordotic angle (Cobb’s angle) were used to evaluate radiologic
outcomes (Fig. 2).
Perioperative outcomes were evaluated by investigating operating time, estimated blood losses (EBL), hospital stay, returntowork time, failure rate, recurrence rate, and surgical complications, such as, neurologic deterioration and wound infection.

4. Statistical analysis
Data management and statistical analysis were performed using
the SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Results are
expressed as mean values±standard deviations (SDs). The paired
t-test was used to compare pre- and postoperative para- meters.
Statistical significance was accepted for p-values of <0.05.

RESULTS
1. Demographic data and baseline characteristics
Among the 20 patients, there were 12 men and 8 women

Fig. 1. A 59-year old man presented with back pain with left
leg pain. Ⓐ Sagittal magnetic resonance image (MRI) showing
an extruded disc (arrow) at the L1-2 level. Ⓑ Axial slice confirming the extruded disc (arrow) impinged the traversing left
root L2 within the root canal. Ⓒ Postoperative 3-dimensional
computed tomography image showing a round hole through
the left lamina at L2.
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Fig. 2. Lateral plain radiograph of the lumbar spine showing
measured variables. Disc height at index level was defined as
the average of the anterior, middle, and posterior heights of
the disc [i.e. (a+b+c)/3]. Segmental lordotic angle (x) was determined at the intersection of lines drawn at the level of the inferior plateau of the upper adjacent body and the superior plateau of the lower adjacent body, and range of motion defined
as the difference between segmental angles of flexion and extension. Total lumbar lordotic angle (y) was defined at the intersection of lines drawn at the level of the inferior plateau of T12
and the superior plateau of S1.
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Fig. 3. Clinical outcomes as determined using visual analog scale (VAS). VAS of back and leg improved progressively
during postoperative follow-up (both p<0.001, paired t-test).

Table 1. Demographic data and baseline characteristics
Characteristics
Demographic data
Mean age (year)
58.0±12.0
Sex, male/female
12/8
Symptom duration (weeks)
2.4±1.7
Motor weakness, yes/no
8/12
Preoperative MRI characteristics
Level, L1-2/L2-3
4/16
Side, right/left
9/11
Migration, none/superior/inferior
6/10/4
9)
Pfirrmann degeneration grade I/II/III/IV/V 0/0/16/4/0
Intraoperative findings
Extruded/subligamentous
14/6
Disc evacuation during operation, yes/no 14/6

Fig. 4. Clinical outcomes as determined using Oswestry Disability Index (ODI) scores. ODI scores improved significantly during
follow-up (p=0.004, paired t-test).

(mean age, 58.0±12.0 years; range 39-78 years). Surgery levels
were L1-2 in 4 and L2-3 in 16 patients, and migration occurred
in 14 patients. Average symptom duration was 2.4±1.7 weeks
and weakness was accompanied in 8 patients. Demographic
data and baseline characteristics including preoperative MRI
characteristics and intraoperative findings are summarized in
Table 1.

2. Clinical outcomes
Mean preoperative VAS of back was 4.9±1.1, and this decreased
to 2.4±0.8 at 1 week to 1.8±1.0 at 1 month and to 0.9±0.7 at 1
year (p<0.001, paired t-test). Mean preoperative VAS of leg was
8.3±0.9, and this decreased to 2.5±1.2 at 1 week, to 1.5±1.1 at
1 month, and 0.9±1.6 at 1 year (p<0.001, paired t-test) (Fig. 3).
Mean ODI scores were significantly improved at 1 year (p=0.004,
paired t-test) (Fig. 4). According to Odom’s criteria, results were

Fig. 5. Graph showing Odom’s criteria. Clinical success rate determined using these criteria was 100%.
excellent in 10 patients (50.0%) and good in 10 patients (50.0%)
at 1 month, and excellent in 15 patients (75.0%) and good in
5 patients (25.0%) at one year (Fig. 5).
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Table 2. Radiological outcomes
Parameter
Disc height (mm)
Segmental ROM of surgery level (°)
Spondylolisthesis of surgery level (mm)
Total lumbar lordotic angle (°)
ROM, range of motion
*Paired t-test

3. Radiological outcomes
Mean disc height at surgery levels was significantly decreased
from 8.9±1.9 mm preoperatively to 8.2±2.3 mm at 1 year (p=0.043,
paired t-test). Mean segmental ROM at surgery levels decreased
from 6.4±2.6° to 3.0±1.8° at l year, but this was not significant
(p=0.134, paired t-test). Degrees of spondylolisthesis preoperatively and 1-year were no different. However, mean total lumbar
lordotic angle significantly increased from 26.8±10.8° to 36.6±
10.6° (p=0.021, paired t-test). Radiological data are summarized
in Table 2.

4. Perioperative outcomes
Mean operating time was 83.9±22.6 minutes, mean estimated blood loss was 75.6±55.5 mL, mean hospital stay was 8.6±3.8
days, and mean time to return-to-work was 20.3±5.80 days. No
major surgical complication, such as, dura tear, neurologic aggravation, or wound infection, was encountered, and no perioperative morbidity related to general anesthesia, such as, a cardiopulmonary problem or deep vein thrombosis, occurred.
Target fragments were completely removed in all patients
except one, who underwent nerve block at 2-weeks after surgery
due to residual leg pain. There was one case of recurrence at
2 months after surgery, and the symptom was controlled using
nerve root block. No patient required reoperation during the
1-year follow-up period.

DISCUSSION
During microsurgical discectomy for LDH, the extent of laminec
tomy depends on target locations, which can be classified as
disc, infrapedicle, pedicle, or suprapedicle levels longitudinally,
and as central canal, subarticular, foraminal, or extraforaminal
along the horizontal axis14).
If ruptured disc material is located at the disc level on the
subarticular side, even a small amount of rostral laminectomy
will allow the target to be reached. However, if the ruptured
disc material is located at the pedicular level and foraminal
side (called “the hidden zone” by Macnab in 19715)), wide rostral
laminectomy, including isthmus, and a wide lateral laminectomy, including the facet joint, will ensure the target. However,
in this case, wide laminectomy, including pars interarticularis
and facet joint, may induce iatrogenic spondylosis or segmental
30 www.jmisst.org

Preoperative
8.9±1.9
6.4±2.6
0.9±1.1
26.8±10.8

1-year
8.2±2.3
3.0±1.8
1.0±0.9
36.6±10.6

p-value*
0.043
0.134
0.795
0.021

instability. To overcome this risk, Di Lorenzo (1988)3) introduced
the “microsurgical translaminar approach” laminotomy technique for foraminal LDH, and over the years several reports demonstrated the safety and usability of this approach for “hidden
zone” surgery in cases of lower LDH1,6-8,10,12,13).
On the other hand, the extent of the laminectomy depends
on spinal level. For example, for lower LDH, the rostral range
of laminectomy can be minimized because the disc space lies
approximately at the level of the interlaminar space4). Also,
the lateral range of laminectomy (i.e., medial facet joint violation)
can be minimized because the lateral border of the traversing
root is contained to lamina width16). However, as the spinal level
progresses cephalad, the rostral range of laminectomy to reach
the disc space should be extended to the isthmus level because
the disc space becomes more cephalad in relation to the interlaminar space4). Also, the lateral range of laminectomy should
be extended to the facet joint or lateral border of isthmus
because the lateral border of the traversing root is beyond
the medial margin of the facet joint and the width of isthmus
narrows11,16). This raises an important point for surgeons to consider, that is, in upper LDH, extended rostral and lateral laminectomy can reach the isthmus and facet joint and induce
iatrogenic spondylolysis and segmental instability. Thus, to prevent iatrogenic spondylolysis in cases of upper LDH, the range
of laminectomy should be carefully limited.
According to Reulen11) and Ebraheim4), lamina height increases with lumbar spinal level and the distance between the inferomedial-most aspect of the inferior facet and disc space decreases. Interestingly, based on these anatomical characteristics
of the upper lumbar spine, a 6-8 mm sized translaminar fenestration is enough to ensure access to migrated disc fragments
as well as disc space. This “key-hole laminotomy” technique,
can prevent amputation of the isthmus and complete violation
of the facet joint during discectomy in cases of upper LDH.
Regarding clinical outcomes, in the present study, improvements in back and leg VAS scores, ODI scores, and patient satisfactions according to Odom’s criteria were all favorable. On
the other hand, from the radiological aspect, although disc
height decreased significantly, segmental ROM and degree of
spondylolisthesis were unaltered. In addition, total lumbar lordosis was significantly improved. These findings mean iatrogenic
segmental instability can be prevented via key-hole laminotomy
in cases of upper LDH.
Mean operating time and EBL were reasonable enough, as
compared with those mentioned in a previous report on lumbar

Key-hole Laminotomy for Upper Lumbar Herniated Disc

2),15)
microsurgical discectomy . Also, surgical outcomes, including
complication, failure (only 1 of the 20 patients required postoperative nerve root block for residual leg pain), and recurrence
(none) rates were favorable.
Despite our favorable findings, this study has several limitations. In particular, the number of patients was too small and
the follow-up period too short to allow generalizations of results.
Additional study is required to compare the described key-hole
laminotomy technique with conventional microsurgical discectomy in patients with upper LDH.

CONCLUSION
Despite its small cohort and short follow-up, the present study
demonstrates that key-hole laminotomy (the microsurgical translaminar approach) is useful for preventing iatrogenic spondylolysis and segmental instability in cases of upper LDH. We suggest
key-hole laminotomy be considered as a safe surgical option
for treating upper LDH.
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A foot drop is caused by weakness or paralysis of the muscles of the anterior compartment of
the leg. These muscles dorsiflex and evert the ankle and extend the toes. Typically, a foot drop
results from lower motor neuron disease or peroneal nerve injury, with cases caused by upper
neuron pathology being very rare. Here, we present the case of a 67-year-old man who developed
a foot drop after C3-C4/C4-C5 anterior cervical discectomy and fusion performed as treatment
for herniated discs at these levels, and spinal stenosis. Pre-operatively, ankle dorsiflexor strength
was graded as 4+/5, bilaterally. After surgery, a left foot drop was identified in the recovery
room, with dorsiflexor strength of 0/5. Magnetic resonance imaging showed a thickening of the
ligamentum flavum (yellow ligament) at C4-C5, compared to its thickness on pre-operative imaging.
A C3-C5 laminectomy was performed with recovery of dorsiflexion strength to a grade of 3/5.
High pressure exerted on the anterior cervical cord, due to spinal canal stenosis, was considered
to be the cause of the transient left drop foot after surgery. Central causes of drop foot in patients
with cervical spine stenosis should be investigated, in particular after anterior cervical discectomy
and fusion.
Key Words: Foot drop, ACDF (anterior cervical discectomy and fusion), Spinal stenosis, Laminectomy

INTRODUCTION

CASE REPORT

Peroneal nerve palsy causes a weakness or paralysis of ankle
dorsiflexion and eversion, as well as of the extensors of the
toes. Peroneal nerve palsy is the most common cause of foot
drop, with various mechanisms of injury having been identified,
including direct trauma, tumor, infection and metabolic disorder6,11,18). Although less frequent, a foot drop can develop
as a secondary outcome of a central lesion, such as anterior
horn cell disease and/or lesion to the sciatic nerve, lumbar plexus,
lumbo-sacral trunk and the axons of the L4 and L5 spinal nerves15).
Although lower motor neuron and peripheral nerve lesions have
commonly been described as causes of foot drop in clinical
practice, a few studies have also reported lesions of the head
and neck as possible causes of a foot drop, with stroke being
a specific example of a central cause. The case study presented
here describes the cause of a left foot drop that developed
immediately after anterior cervical discectomy and fusion (ACDF)
for herniation of the nucleus pulposus (HNP) at the spinal levels
of C4-C5 and C5-C6.

A 67-year-old male patient presented to our outpatient clinic
with complaint of left-side body numbness, which had been
present for 1 year. Symptoms were aggravated with neck hyperextension. The distribution of the reported numbness was as
follows: left upper limb, including the shoulder, forearm and
all digits of the hand; trunk, extending from the umbilicus into
the left buttocks; and the left calf. The patient also reported
bilateral lower limb weakness, and could no longer run at crosswalks. He also reported unsteadiness, including a sensation of
body sway during walking.
On neurological examination, the grading of muscle strength
was 5/5 for both upper extremities; 4/5 for hip flexors, bilaterally;
4+/5 for hip adductors, bilaterally; and 4+/5 for all other muscle
groups of the lower limbs, bilaterally. The patient was unable
to stand on one foot, was unable to perform a single leg hop
with either lower limb, and was unable to walk on heels or tip toe.
Sensory examination identified paresthesia of the left palm and
hyperesthesia of the lower limbs, bilaterally, including the feet. The
Romberg and cerebellar function tests were positive, and Hoffman’s
sign was positive for both hands, bilaterally. Hyperactive deep
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tendon reflexes were present at the knees and ankles, and the
Babinski reflex was positive, bilaterally.
On magnetic resonance (MR) imaging of the cervical spine,
diffuse cervical degenerative changes and black discs, indicative
of complete dehydration and degeneration, were identified at
all cervical levels. In addition, herniation of the nucleus pulposus
(HNP), with thickening of the ligamentum flavum (yellow ligament), was also identified at C3-4 and C4-5 levels, predisposing
factors of severe spinal canal stenosis. Change in MR signal
of the spinal cord was also apparent at C3-C4 and C4-C5 levels
(Fig. 1).
Based on these clinical and imaging findings, the patient
underwent ACDF at the levels of C3-4 and C4-5 for cervical
cord decompression. Neurological examination performed in
the recovery room after surgery identified a grade 0/5 for the
left ankle dorsiflexors and big toe extensor muscles, with no
other change in strength identified. Immediate follow-up MR
imaging revealed an increased thickness of the ligamentum flavum at the level of C4-5, with increased protrusion into the
spinal canal, compared to pre-operative MR images (Fig. 2).
A computed tomography scan of the lumbar spine was negative,
ruling out acute lumbar disc herniation and lumbar spinal stenosis
as possible causes of the loss of strength of the left ankle
dorsiflexors and toe extensors (Fig. 3). Review of the operative

procedures, including positioning of the lower limbs, did not
reveal any probable cause of injury to the head of the fibula
and the peroneal nerve. As well, the surgical procedure was
reviewed from the intra-operative video, with no evidence of
probable spinal cord trauma identified.
Based on these findings, thickening of the ligamentum flavum
was determined to be the most likely cause of the left foot
drop due to an acute anterior compression of the spinal cord
at the level of C4-C5. This increased thickness of the ligamentum
flavum was likely due to the reduction of the cervical lordosis
after surgery. Therefore, a left side laminectomy and bilateral
decompression were performed at the level of C3-C4, as well
as at the level of C4-C5 to achieve a more complete decompression of the spinal canal. The neurological examination remained unchanged after the decompression surgery, with the
motor impairments at the ankle and big toe persisting. On postoperative day 4, MR imaging of the brain was performed to
rule out a possible cerebral infarction (stroke). The MR scans
were negative, with no change in signal intensity on both T1and T2-weighted images (Fig. 4). Strength of ankle dorsiflexors
and of the big toe extensors recovered progressively, with a
grade 3/5 assessed on the postoperative 7th day. Follow-up examination at 6-months, post-surgery, indicated full recovery of
strength, to a grade of 5/5.

DISCUSSION

Fig. 1. Pre-operative T2weighted magnetic resonance
image of the cervical spine
in sagittal view.

Fig. 2. T2-weighted magnetic
resonance image showing
a thickening of the ligamentum flavum, post-operatively, with increased protrusion into the spinal canal,
compared to the pre-operative status.

A foot drop can be reflective of a number of myopathies
and neuropathies, ranging from direct trauma to the peroneal
nerve to myotonic dystrophy and other types of distal muscular
dystrophies, such as Welander, Nonaka and Laing types of distal
6)
myopathies . Although peripheral and lumbar spine lesions are
the most common causes of foot drop6,11,15,18), lesions of the
central nervous system and upper motor neurons can also result
in a drop foot.
The motor pathways of the lower limbs are organized somatotopically, from the medial motor cortex, through the internal
capsule and the ventral gray matter of the anterior horn cell
at the spinal cord18). The axons of the L4 and L5 spinal nerves
originate at the anterior horn of the spinal cord, with the nerve
roots of these two peripheral nerves being in proximity at the
lumbosacral trunk and the sacral plexus. The lateral trunk of

Fig. 3. Computed tomography of the lumbar spine, showing no evidence of acute
herniation of the nucleus
polposus.
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the sciatic nerve becomes the common peroneal nerve, At this
point, the common peroneal nerve divides into the superficial
and deep peroneal nerves15). Because of its superficial position
around the head and neck of the fibula, the peroneal nerve
can easily be compressed by an external force, such as prolonged
sitting with legs crossed. The peroneal nerve can also be directly
damaged by fractures of the head and neck of the fibula or
become entrapped in the fibular tunnel6,11,15,18). Common lumbar
spine pathologies that can cause a foot drop include L4-L5
HNP and associated radiculopathy, foraminal stenosis or spinal
canal stenosis. Other possible causes of peroneal neuropathy
include metabolic changes, such as diabetes mellitus, drug toxicities, severe weight loss, inflammatory lower motor neuropathy
or vascular pathology1,11,15). Central nervous system and upper
motor neuron causes of foot drop have also been identified,
including primary and metastatic brain tumor, ischemic stroke,
intra-cranial hemorrhage, head trauma, cortical dysplasia, and
abscess1,5,8,9,13,16). Although less common, a foot drop has also
been documented in cases of incomplete traumatic spinal cord
injury, thoracic disc herniation, cervical spondylosis, and spinal
tumor17).
In the case reported here, the foot drop was associated with
a complete paralysis of the muscles of the anterior compartment
of the lower leg (muscle grade of 0/5) and an increased thickening
of the ligamentum flavum at C4-C5. This increased thickening
after surgery most likely resulted from reduction of the cervical
spine lordosis with surgery.
Thickening of the ligamentum flavum, with associated stenosis
of the spinal canal at C3-4, C4-5, C5-6 and C6-7 levels was identified on the pre-operative dynamic MR imaging examination
(Supplementary Fig. 1). Stenosis was also evident on intra-operative radiological examination, with the patient in a position of
neck hyperextension (Fig. 5). Hyperextension of the neck during
surgery likely did increase spinal stenosis, resulting in the anterior
compression of the spinal cord and a foot drop.
Anatomically, the cervical spine has an intricate structure,
including the myelinated axons of ascending (sensory) and descending (motor) tracts, and gray matter, a dense region containing neuron cell bodies and cell processes, along with their
synapses, neuroglial cells and capillaries3). Compression of the
cervical cord can damage some or all of these structures, resulting in a drop foot. Yamaura et al.19) investigated the mechanisms
of pathological changes of the spinal under conditions of chronic

Fig. 4. Magnetic resonance
image of the brain, obtained
post-operatively, showing no
evidence of a stroke.
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mechanical compression in a mouse model, reporting degeneration of the descending pathways of the anterior and lateral
columns, as well as degeneration of the ascending pathways
of the posterior column. Based on their findings, Yamaura et
al. concluded that cell apoptosis due to chronic compression
can produce destructive changes in both sensory and motor
pathways in the spinal cord, resulting in irreversible neurologic
deficit. Therefore, pre-existing spinal cord damage to motor
and sensory pathways was likely to be present in our patient,
owing to the long-standing mechanical compression of the spinal
cord at C3-C4, C4-C5 and C5-C6 due to spinal stenosis, HNP,
and thickened ligamentum flavum. The symptoms were exacerbated by intra-operative neck hyperextension.
ACDF is a safe and effective procedure. In a review of 1576
patients who underwent ACDF, Nanda et al. reported worsening
of pre-operative symptoms in 14 patients (0.88%), including 5
patients with symptoms of myelopathy and 9 with symptoms
of radiculopathy12). In their case series analysis of 83 patients
who underwent ACDF, Song et al. reported dysphasia as a complication in 4.8% of cases14). Comparatively, in their case series
of 57 patients, Lin et al. reported complications in 19.3% of
cases, which included cerebrospinal fluid leakage, epidural hematoma, C5 radiculopathy, and dysphasia10). In a review of 11,817
patients who underwent spinal surgery, Cramer et al. identified
only 21 (0.29%) patients with new onset of major neurological
deficits immediately post-surgery, including a quadriparesis due
to a spinal cord hematoma2). Overall, the most common complications of ACDF is dysphasia and worsening of pre-existing neurological symptoms.

Fig. 5. Intra-operative positioning of the cervical spine in
hypertexsion, using shoulder
pads, with the level of surgery identifed.

Supplementary. Pre-operative dynamic cervical MRI
extension showed more severe stenosis at C3-4, C4-5,
C5-6 level

Foot Drop after C3 to C5 Discectomy and Fusion

In the case presented here, neck extension had been verified
by the anesthesiologist before surgery, with no complaints reported by the patient and no abnormal neurological findings.
Therefore, the surgeon could not pay attention to check neck
hyperextension at the marking film (Fig. 5). Intra-operative neurophysiological monitoring of spinal cord activity may have been
useful for early detection of spinal cord damage. This case does
raise questions regarding the usefulness of somatosensoryevoked potentials alone as a monitoring tool for the detection
of new onset major neurologic deficit during ACDF2).

CONCLUSION
The case presented here describes a unique complication
of ACDF, a left side foot drop, which resulted from an indirect
injury to the spinal cord due to pre-existing risk factors, namely
cervical spinal stenosis. Specifically, intra-operative hyperextension of the neck increased anterior compression on the spinal
cord, despite any negative pre-operative assessment for risk
factors. Therefore, in cases of acute onset of drop foot after ACDF,
central causes should be investigated.
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Synovial cyst is an extradural mass that compresses nerve root or thecal sac. Surgical excision
with partial hemilaminectomy and medial facetectomy is commonly used for synovial cyst. Remarkable advancements in endoscopic spinal surgery have led to successful outcomes comparable
to conventional open surgery. Here we introduce percutaneous endoscopic lumbar foraminoplasty
for resecting synovial cyst as a minimal invasive technique. A 59-year-old woman presented with
radicular pain at left L5 dermatome. Magnetic resonance images demonstrated a synovial cyst at
left L4-5 facet joint and degenerative spondylolisthesis on L4-5. Under endoscopy, synovial cyst
was removed by piecemeal method after transforaminal endoscopic foraminoplasty that removed
part of superior facet. Her symptoms were relieved and the patient was discharged the next day.
Therefore, percutaneous endoscopic lumbar foraminoplasty can be used as a minimally invasive
surgical option for synovial cyst. It may provide less traumatization and affect less postoperative
instability.
Key Words: Synovial cyst, Spondylolisthesis, Percutaneous endoscopic lumbar foraminoplasty

INTRODUCTION
Synovial cyst compressing nerve root was first reported in
195024). Synovial cyst of facet joint can cause radicular pain
and neurogenic claudication5,19). Unresponsive to conservative
treatment, surgical removal is regarded as a definite treatment
for persistent radicular pain or neurologic deficit. Whether additional fusion is necessary remains controversial. Remarkable
advancements in endoscopic techniques and instrumentation
have led to successful outcomes comparable to conventional
open surgery1,8,17,20). Recently, several minimal invasive techniques including micro-endoscopic assisted approach and percutaneous interlaminar approach have been applied to remove
synovial cyst13,16). Here we introduce percutaneous endoscopic
lumbar foraminoplasty for resecting synovial cyst in the spinal
canal as a minimal invasive technique.

CASE REPORT
A 59-year-old woman presented with radicular pain in the
left leg from buttock to the lateral of thigh and leg. There was
objective weakness of the great-toe dorsiflexion. On manual

muscle test, it was graded as 4. Radiography (Fig. 1A) showed
grade 1 degenerative spondylolisthesis at L4-5. Magnetic resonance (MR) images (Fig. 1B and 1C) showed synovial cyst at left
L4-5 facet joint compressing the neural structures in the spinal
canal. Computed tomography (Fig. 1D) showed round mass juxta
at left facet joint. The radiating pain sustained after epidural
steroid injection. Therefore, we planned cyst removal with endoscopic technique.
This procedure was performed under local anesthesia with
the patient lying in the prone position. The skin entry point was
13 cm from the midline at L4-5 disc space. After infiltrating the
entry point with local anesthetics, an 18-gauge spinal needle
was introduced under the guidance of fluoroscopic imaging.
The target point of the spinal needle was the medial pedicular
line on the anteroposterior image and the posterior vertebral
line on the lateral image. Subsequently, an epidurography was
performed using contrast media to confirm the location of the
exiting and the traversing root. The following steps were then
performed: a guide wire was inserted through the spinal needle;
the spinal needle was removed; a small incision was made in
the skin at the entry site; a tapered cannulated obturator was
inserted along the guide wire. When the obturator touched the
annulus, a bevel-ended working cannula was inserted along the
obturator. The cannula was located outside the foramen and
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lateral border of the facet joint. The superior part of facet
joint was removed by endoscopic drill (Primado 2, Nakanishi inc,
Japan) (Fig. 2A). From outside foramen to inside foramen, partial
part of the facet joint and foraminal ligament were removed
by a drill, a cutting forcep, and an endoscopic kerrison punch.
While engaging working cannula to the medial foraminal zone
to undercut the superior facet and remove yellow ligament,

white-yellowish mass (Fig. 2B) was encountered. With meticulous
bleeding control, the mass was removed by piecemeal. After
removing the mass, neural structures were released (Fig. 2C).
After the procedure, the pain was improved. Postoperative MR
image revealed complete removal of synovial cyst (Fig. 3). The
patient was discharged the next day.

Fig. 2. In the endoscopic view, partial part of superior facet
(▲) was removed with endoscopic diamond drill Ⓐ. After
removing the superior facet, yellowish mass (◆) was encountered, which was synovial cyst Ⓑ. After removing the mass
with piecemeal method, neural structure (★) was found Ⓒ.

Fig. 1. Lateral Radiography Ⓐ showing grade I spondylolisthesis. Magnetic Resonance (MR) images (Ⓑ, Ⓒ) showing synovial cyst compressing the thecal sac. Computed tomography
Ⓓ showing well-demarcated round mass juxta facet joint.

Fig. 3. Postoperative axial Ⓐ and parasagittal Ⓑ MR images
showing the removal of synovial cyst with partial removal of
the superior facet.

Table 1. Clinical results of endoscopic foraminoplasty
No. of
Success
Authors
Disease
Technique
Aim
Instruments
Complication
patients
rate
foraminal
endoscopic
decompression of
laser
73% 1 foot drop,
Knight et al.15) 250
stenosis
foraminoplasty exiting nerve root and
5% revision
traversing nerve root
33
foraminal
endoscopic
decompression of
endoscopic
82% 6.1% dysesthesia,
Ahn et al.1)
stenosis
foraminotomy
exiting nerve root
drill, laser,
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DISCUSSION
Synovial cyst is an extradural mass that compresses nerve
root or thecal sac5,19). Synovial cyst usually presents radiculopathy.
It can also cause neurogenic claudication with pre-existing spinal
stenosis12,18). It is associated with degenerative changes, causing
fluid extrusion from the joint capsule. It is commonly found
in spondylolisthesis, osteoarthritis, and disc degeneration in the
mid- 60s4). The incidence of synovial cyst is reported to be
2.3%10,22). L4-5 level is the most affected segment5). It might
be associated with mobility at that level. The natural history
of the synovial cyst is not well established. Conservative treatments for synovial cysts have been reported to be less effective6).
Percutaneous aspiration of the cyst also has higher recurrence
and failure rates11). Surgical excision with partial hemilaminectomy
and medial facetectomy is a common procedure for synovial
cyst. Decompression alone can achieve successful results. For
example, Lyon et al. have achieved 91% of good outcomes in
134 patients18). According to literature, cystic recurrence rate
is about 2% after decompression alone5). However, recurrent
back pain occurs in 20% of cases during the follow-up. It may
be caused by segmental instability, hypermobility, and progression
of degenerative changes. Extensive bone removal is associated
with postoperative instability21). For spondylolisthesis after open
excision, fusion surgery is required for 1.8% to 6% of patients3,4,18).
Whether fusion surgery has better outcome than decompression
alone remains controversial although fusion surgery decreases
recurrent back pain14,25). Minimal invasive techniques for synovial
cyst include micro-endoscopic assisted cyst removal, contralateral approach preserving facet joint, and endoscopic interlaminar
approach2,13,16). Komp et al. have reported successful results of
full-endoscopic synovial cyst removal16). They have solved synovial
cyst in the spinal canal with interlaminar approach as in conventional posterior approach. Transforaminal approach is applied
only to foraminal/extraforaminal synovial cyst. Epidural scarring
can be reduced in endoscopic techniques based on postoperative
MR images and revision surgery.
Knight et al.15) have introduced laser-assisted foraminoplasty
to ablate foraminal ligament and osteophytes (Table 1). Foraminoplasty has been applied to down-migrated disc herniation
or sequestrated disc to remove superior facet and partial pedicle7,23). L5-S1 disc herniation with high iliac crest needs foraminoplasty for engaging working cannula9). Ahn et al.1) have reported endoscopic foraminotomy for foraminal stenosis using an
endoscopic drill, a side-firing laser, and a micropunch. This
technique enables the visualization and the mobilization of both
traversing nerve root and exiting nerve root under endoscopy
to remove foraminal ligament, superior facet, and herniated
disc. In this case, we were concerned that the posterior approach
might require wide bone removal including large laminectomy
and medial facetectomy which might cause instability at the
index level. Transforaminal endoscopic approach might make
it safer to remove synovial cyst, thus preserving facet joint as
much as possible. Under endoscopy, it is safe to remove adequate
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bone and synovial cyst using an endoscopic diamond drill and
endoscopic instruments. Furthermore, the transforaminal endoscopic approach is advantageous in that synovial cyst can be
removed without needing the manipulation of neural structures. It might be able to reduce surgery-induced segmental
instability. Theoretically, it has several drawbacks such as steep
learning curve, results depending on surgeon, uncertainty of sufficient decompression, and difficulty in suturing a dural tear.

CONCLUSION
Percutaneous endoscopic lumbar foraminoplasty can be used
as a minimally invasive surgical option for synovial cyst. It may
provide less traumatization and affect less postoperative instability.
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Case Report

Percutaneous Endoscopic Lumbar Discectomy for
L5-S1 Foraminal Disc Herniation with Superior
Migration using Contralateral Interlaminar
Approach: A Technical Case Report
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In cases of L5-S1 foraminal disc herniation with superior migration, it is very difficult to access
using rigid endoscope. We attempted a percutaneous endoscopic lumbar discectomy (PELD) via
a contralateral interlaminar approach to remove the symptomatic disc and preserve the functional
structures. Between January 2013 and January 2014, five patients who received PELD for the disc
herniation via the approach were included in this study. Through the approach, we could expose
the exiting nerve root without structural damage. We confirmed the appropriate decompression
of the lesion with an immediate postoperative MRI, and the clinical outcome was evaluated using
a visual analog scale (VAS) score. In all cases, the herniation was removed appropriately. The mean
pre-operative VAS score was decreased at the post-operative state, from 7.8±0.84 to 1.4±0.55. We
obtained excellent clinical outcomes in treating the migrated disc herniation at the level using
PELD via a contralateral interlaminar approach.
Key Words: Contralateral, Lumbar disc herniation, Foraminal

INTRODUCTION

CASE REPORT

In a treatment of radiating pain related to the lumbar disc
herniation, microscopic lumbar discectomy has been considered
the gold standard1). However, due to the development of relevant
equipment, such as a drill, forcep, laser, radiofrequency probe,
and high-resolution optic endoscope, it has become possible
to treat most lumbar disc herniations with percutaneous endoscopic lumbar discectomy (PELD)4,5,9,12,13).
In cases of L5-S1 foraminal disc herniation with superior migration, both transforaminal and ipsilateral interlaminar approaches
have technical difficulties. An appropriate endoscopic approach
at the herniation has not been reported. In order to approach
the contralateral foramen at the level, we attempted new approach that passed the interlaminar space from contralateral side
to ipsilateral one of the lesion and present the approach.

Five patients complaining radiating pain were included between January 2013 and January 2014. The lesion of the patients
was L5-S1 foraminal disc herniation with superior migration.
The radiating pain of them was refractory to conservative treatment for more than six weeks. They underwent PELD via a contralateral interlaminar approach. The clinical outcomes were evaluated using visual analog scale (VAS) score and all patients were
checked pre- and post-operative MRI to assess the decompression
of the lesion.

1. Operative techniques
Prior to the operation, patients received preventive antibiotics
and were prepared in a prone position on a radiolucent table.
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The operation was performed with conscious sedation using
midazolam and fentanyl. In order to avoid injuries to exiting
and traversing nerve roots during the approach, the operation
was proceeded with continuous feedback from the patient. C-arm
guidance was used to identify the L5-S1 disc space. The skin
was marked at the midline of disc space. Discography was performed before insertion of working channel. 0.8% indigo carmine
(Carmine, Korea United Pharmaceutical, Yoenki, Korea) mixed
with contrast (Iobrix injection, Taejoon Pharm, Korea) were used
for discography.
An 18-gauge spinal needle was inserted at the point which
was about 2-3 cm away on the contralateral side of vertebral
midline with an approximately 45-degree angle. After passing
an interspinous ligament, the needle was docked at the medial
border of inferior facet. A guide wire was inserted through the
needle and then the needle was removed. An obturator was
inserted just beyond the ligamentum flavum and then the wire
was removed. A working channel was inserted through the
obturator. An obturator was removed and then endoscope was
inserted. The ligamentum flavum was splitted with a probe. Bevel
of the working channel was penetrated through the splitted
point of the ligamentum flavum and was rotated (Fig. 1). The
splitted ligamentum flavum was pushed down, protecting a traversing nerve root and surrounding structures.
When the ligamentum flavum was splitted, a contralateral
foraminal area was exposed. The epidural fat was dissected with
a radiofrequency electrode (Ellman International, Hewlett, NY,

USA). A blue-stained ruptured disc compressing an exiting nerve
root was identified (Fig. 2). The ruptured disc was removed with
endoscopic forceps (Fig. 3). After decompression of the lesion
and bleeding control, the scope was removed. Decompression
of the lesion was confirmed with post-operative MRI.

RESULTS
The average age of five patients was 55.8±10.04 years. Three
of them were male, two were female. The average VAS score
was reduced from 7.8±0.84 pre-operatively to 1.4±0.55 post-operatively (Table 1). All cases showed that the ruptured disc had
been successfully removed on post-operative MRI. There were
no complications such as dysthesia, hematoma, or infection.
None of the cases needed any additional surgery.

1. Illustrative case
A 43-year-old man complained of a radiating pain to left leg,
which had not responded to a conservative treatment. On preoperative MRI, L5-S1 foraminal disc herniation with superior
migration compressed left L5 nerve root (Fig. 4A). A working
channel was inserted towards the medial border of inferior articular process of the lesion (Fig. 4B). The ligamentum flavum was
splitted, blue-stained ruptured disc was identified and removed
(Fig. 4C). Post-operative MRI showed that the ruptured disc
had been successfully removed and left L5 nerve root was well
decompressed (Fig. 4D).

Table 1. Patients characteristics

Fig. 1. Docking of
working channel at
the medial border of
inferior facet.

Fig. 2. Intraoperative endoscopic view (LF: splitted ligamentum
flavum, RD: ruptured disc, FT: perineural fatty tissue, ENR: exiting nerve root).

Patients

Age

Sex

Migrated side

A
B
C
D
E

43
47
61
64
64

M
F
M
F
M

Left
Left
Right
Left
Left

Preop
9
8
8
7
7

VAS
Postop
1
2
1
1
2

Fig. 3. Removal of ruptured disc with endoscopic forcep.
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Fig. 4. Illustrative case. Ⓐ Pre-operative MRI, Ⓑ C-arm image,
Ⓒ Removed disc, Ⓓ Post-operative MRI.

DISCUSSION
Since Kambin et al. first introduced lumbar disc decompression
via a posterolateral approach7), there have been remarkable
advances in percutaneous endoscopic lumbar disc surgery. With
the development of various instruments related to spinal endoscopic surgery, now nearly all symptomatic lumbar disc herniation
can be operated via endoscope.
As L5-S1 level has considerable anatomical features, such
as high iliac crest, facet joint hypertrophy, relatively narrow
foramen, and wide interlaminar space. Therefore, several approaches to ruptured disc at the L5-S1 level have been considered, such as transforaminal, ipsilateral interlaminar, and transiliac appoaches3,6,12). Choi et al. compared the transforaminal
approach to the interlaminar approach in detail, depending on
the location of lesion, but limited the lesion to intracanal disc
herniation and did not include foraminal disc lesions6).
In particular, it is difficult to approach L5-S1 foraminal disc
herniation with superior migration with rigid endoscope, and
such approaches have not been reported yet. Using an excessive
cranial to caudal skin entry point due to the high iliac crest
increases the possibility of encountering an existing nerve root
injury. It is also difficult to approach L5-S1 foraminal disc herniation with superior migration via the ipsilateral interlaminar appro42 www.jmisst.org

ach due to the inferior facet and laminar. Thus, microscopic
lumbar discectomy via a paramedian transmuscular approach
has been used for this type of lesion. However, microscopic
approaches require partial facetectomy; if more than 40-50%
of facet is removed, instability may arise, inducing postoperative
pain2,8).
The discs, facet joints, supraspinous ligaments, and paraspinal
muscles of the lumbar spine are important structures that maintain a stability of segmental motion. Instability can be increased
when these surrounding structures are damaged10,11). PELD via
a contralateral interlaminar approach can maximally preserve
these structures.
If the interlaminar space is relatively narrow, it might render
an approach to superior migration difficult, as the laminar would
block the trajectory. In such a case, an approach trajectory can
be acquired by undercutting the inferior margin of the lesionside facet using an endoscopic drill. Fortunately, in the present
cases, we were able to approach the contralateral foramen without
using an endoscopic drill. The outcomes were satisfying in all
of cases, however the number of cases was small. Further study
will be needed with more cases.
Since insertion of the working channel at a sharp angle may
cause injury to the thecal sac, it is important to dock the working
channel to the medial border of the inferior facet of lesions
safely at an approximately 45-degree angle. In addition, splitting
a ligamentum flavum without clarifying the boundaries of the
bone and ligamentum flavum may cause exiting nerve root injury,
thereby requiring attention.

CONCLUSION
This study achieved a good result through a contralateral
interlaminar approach for L5-S1 foraminal disc herniation with
superior migration. This can be a considerable option for the
treatment of ruptured discs that had previously been difficult
to approach with a rigid endoscope.
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Transforaminal selective epidural block (TFSEB) technique is used for spinal pain
management. Multiple recent reports cite TFSEB resulting in complications such as
life-threatening infections, spinal fluid leaks, positional headaches, adhesive arachnoiditis, hydrocephalus, air embolism, urinary retention, allergic reactions, intravascular injections, stroke, blindness, neurological deficits/ paralysis, hematomas,
Received: May 25, 2016, Revised: July 13, 2016 seizure and death. We present herein a case of TFSEB induced retroperitoneal hematoma resolution with conservative treatment.
Accepted: July 20, 2016
Key Words: Anticoagulants, Hematoma, Nerve block, Platelet aggregation inhibitors,
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INTRODUCTION
TFSEB has been used to treat patients with herniated intravertebral disc, spinal stenosis, or lumbosacral radiculopathy5,22).
It is known to reduce radicular pain by lowering inflammation
of nerve roots as epidural corticosteroid injection7).
Steroid injections at the epidural space have two approaches,
interlaminar and transforaminal approaches. Compared to interlaminar approach, the use of transforaminal approach is becoming
increased due to high specificity even with small amount of
injection7). The epidural space contains loose areolar connective
tissue, semi-liquid fat, lymphatics, arteries, venous plexuses, and
spinal nerve roots9).
Although TFSEB is usually done by fluoroscopic guidance,
it cannot be free from several possible complications5). Recent
several studies showed there could be complications such as
positional headaches (most common, 3%), spinal fluid leaks,
radiation exposure, life-threatening infections, adhesive arachnoiditis, hydrocephalus, air embolism, urinary retention, allergic
reactions, intravascular injections of medication, stroke, blindness, neurological deficits/paralysis, epidural hematomas, seizure and death3,5,21). Those complications could be occurred during needle placement or injecting medications. We present herein
a case of retroperitoneal hematoma after TFSEB.

CASE REPORT
69 year old male patient presenting with right buttok and leg

pain was diagnosed at a local clinic with spinal stenosis at L3-4
and L4-5, herniated interveterbral disc L3-4, and compressed
right L4 nerve root. TFSEB was performed, and the right flank
pain began 2 hours post procedure. 10 minutes later, the pain
extended to the right upper quadrant. He came to the emergency
department on three and half hours after TFSEB with severe
pain. The physical examination was normal and showed full range
of motion (ROM). There was no sign for neural compression
such as numbness, weakness, bowel and bladder dysfunction,
severe radicular leg pain. According to his past medical history,
he had percutaneous coronary intervention (PCI) stenting 7 times
from 1998 to 2009 and coronary artery bypass graft (CABG) in
2009, and he daily took two antiplatelet agents. He did not stop
taking antiplatelet before TFSEB.
The abdomen and pelvis computed tomography (CT) showed
large right retroperitoneal hematoma with active arterial bleeding which may indicate damaged spinal branch of segmental
artery (Fig. 1). After discussion with cardiologist, antiplatelet
agents were all ceased. His vital sign was stable, and all of
the blood tests including hemoglobin (13.8 g/dL) were normal.
He was admitted to the intensive care unit with close monitoring.
His Hemoglobin dropped gradually from 13.8 to 9.3 for 24
hours and increased to 12.1 for 7 days. On the eighth day,
the abdomen and pelvis CT showed that the amount of the
retroperitoneal hematoma increased slightly from the previous
state and that the internal active bleeding disappeared (Fig.
2). He moved to the general ward, and one antiplatelet agent
was given again after discussing with the cardiologist. And he
discharged from the hospital on the 16th day with a healthy
condition.
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Comparison of Ipsilateral and Contralateral Canal Decompression

Fig. 1. Abdomen and pelvis CT 1 day post hospitalization Ⓐ
axial view, Arrow: large ill-defined heterogeneous hyperdense
mass adjacent to the inner border of right psoas muscle, quadratus lumborum, and transversalis muscle, representing large
right retroperitoneal hematoma. Arrow head: contrast extravasation within the mass shown indicating active arterial bleeding
Ⓑ coronal view, large right retroperitoneal hematoma.

Fig. 2. Abdomen and pelvis CT 8 day post hospitalization (Ⓐ, Ⓑ)
axial and coronal view, active internal bleeding sign has resolved
in comparison to the image from Fig. 1.
He visited the outpatient clinic after 1 month with relieved
right flank pain and right upper quadrant pain. The other antiplatelet agent was added according to the cardiologist’s opinion.
He had no neurological symptom other than the abdominal
pain which had a retroperitoneal location. The follow-up exams
showed no active bleeding, so he underwent observation process.

DISCUSSION
The goal of TFSEB is to reduce axial and/or radicular pain
by treating inflammation at nerve roots, dorsal root ganglions,
anterolateral dura, posterior longitudinal ligament and intervertebral disc. Steroids and anesthetics are injected to cover nerve
roots with inflammation and lateral and anterior epidural space3,5,7).
Its pain reducing mechanism can be explained by several physiologic
mechanisms, which are, for examples, anti-inflammatory reaction
interfering against pain-spasm cycle and suppression of phospholipase A2 and unmyelinated C-fiber action6,7,16).
Intervertebral foramen is formed by superiorly and inferiorly
vertebrae pedicles, anteriorly vertebral body and intervertebral
disc, posteriorly articular process making zygapophyseal joint,

laterally psoas muscle and fascia, and medially dural sleeve8).
Spinal nerve, dorsal root ganglion, segmental spinal artery, communicating veins between internal and external plexuses, recurrent meningeal (sinu-vertebral) nerves, and transforaminal liga8)
ments go through the foramen .
31 pairs of the segmental arteries (8 cervical, 12 thoracic, 5
lumbar, 5 sacral, 1 coccygeal) branching off from the aorta divides
into radicular artery (supplies dorsal and ventral nerve roots),
radiculopial artery or radiculomedullary artery, and then posterior (paired) or anterior (single) spinal artery as they travel more
distally17).
Hematoma is pontential danger from all procedure involved
with injections14). The risk factors of hematoma are old age,
female gender, liver disease, needles with large diameters, anticoagulant therapy or coagulopathy, anatomical abnormalities
of the spinal cord and vertebral column, and difficult/traumatic
needle placement10,23).
There have been debates about need for discontinuation
of anticoagulant or antiplatelet therapy which is done for cerebral
infarction, angina, or pulmonary embolism.
Horlocker et al. reported that patients with heparin anticoagulants are at 10 times bigger bleeding risk than those without
them13), and Layton et al. said that use of multiple anticoagulants
evidently increased the bleeding risk19). Hsu DT et al. suggests
to stop warfarin 5 days before the procedure and restart after
14)
3 days post procedure . American Society of Regional Anesthesia
(ASRA) said that warfarin should be stopped 4 to 5 days before
spinal procedures and that international normalized ratio (INR)
and vitamin K-dependent factor should be within normal ranges
at the time of the procedure. It also said thienopyridine drugs
such as clopidogrel and ticlopidine should be stopped for 7 to
14 days and low-molecular weight heparin (LMWH) should be
stopped at least 12 hours before procedures12). Another study
showed that aspirin and non-steroidal anti-inflammatory drugs
(NSAID) were not related to complications from spinal procedure11,12).
However, Manchikanti said bleeding complication was still
similar whether the use of anticoagulation was kept or stopped,
and thromboembolic event increased by 17 times from the discontinuation of the drugs20).
The optimal target anatomical location of the transforaminal epidural steroid injection has been known to be at the posterior surface
of the vertebral body adjacent to the caudal border of the pedicle
immediately superior to the target nerve5). Usually if the needle
is inserted deeper than the optimal target location, terminal branch
of the segmental artery located postero-laterally to the vertebral
body may be damaged and induce retroperitoneal hematoma.
If there is a sign for this kind of nerve injury, location of
hematoma should be evaluated by MRI or CT, and evacuation
should be done within 24 hours to minimize nerve injury18).
For an accurate procedure, TFSEB is usually done through fluoroscopic guidance, but it cannot be free from the several possible
complications mentioned above5).
James et al. proposed several factors to be considered for
safe procedure during TFSEB. Use of non-particulate steroid
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may lower catastrophic neurovascular complication. Particulate
steroid should not be used. Before injecting steroid or anesthetics, contrast medium injection under real-time fluoroscopy
should be done. A needle should be firmly located once with
extension tubing, which makes no need to relocate the needle.
One must make a decision for which way to approach to a
target considering risks and benefits for all procedures21).

CONCLUSION
For successful TFSEB, one should understand thoroughly the
anatomy and pay attention to possible risks even though it has
been reported that complications are quite lo. It may be better
to discontinue the drugs if possible. If use of the drugs must
be kept due to patients’ underlying diseases, other treatment
options instead of TFSEB can be considered.
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This study describes the surgical technique and results of video-assisted thoracic surgery (VATS)
in a patient who underwent reconstruction of an unstable L2 body fracture. There are various
surgical treatment options for L2 burst fractures. The optimal method remains controversial. We
performed L2 body reconstruction using VATS. An 18-year-old female was seen in the emergency
room with paraparesis grade 4 and was diagnosed with a burst fracture of L2. A two-stage procedure was planned. First, urgent posterior decompression and stabilization were performed with
dorsal laminectomy and insertion of screw systems at L1 and L3 pedicles. Then, the L2 body was
reconstructed with an expandable cage by VATS. Her weakness was improved immediately after
decompressive surgery. This surgical approach is an alternative and minimally invasive method
for the treatment of traumatic L2 burst fractures.
Key Words: VATS, L2 burst fractures, Expandable cage, Minimally invasive

INTRODUCTION
Video-assisted thoracoscopic spinal surgery (VATS) is a minimally invasive approach for access to the anterior pathology
of the thoracic and thoracolumbar spine, and has evolved since
the early 1990s, especially in the United States and Germany7,8).
Various lesions around the thoracic spine are increasingly diagnosed and treated using thoracoscopy2,3,9). VATS is currently
indicated in a large number of processes and injuries. Thoracoscopy has been used in simple procedures such as biopsy and
sympathectomy, and is now widely utilized for herniated discs,
neoplastic or infectious lesions affecting the spine/disc space,
corrective surgery for scoliosis, and removal and reconstruction
of the vertebral body1,3,9).
Limitations of thoracoscopy include lack of familiarity with
the surgical anatomy, surgical environment, and instrumentation, the need for skilled assistance, and the steep learning curve.
Nonetheless, several surgeons have gained considerable experience3,4).
Although reconstruction of the vertebral body using thoracoscopy is not widely used, especially in fractures of the thoracolumbar junction, considerable advances have been made and
many surgical treatment results have been reported1,2,5,6). The
author has performed many thoracoscopic surgeries for fractures of the thoracolumbar junction, including the second lumbar

vertebra (L2), and describes his technique and issues related
to the surgery.

1. Method of thoracoscopic surgery for L2 body
reconstruction
The patient is placed in a right lateral position with the legs
bent and arms fixed. Sufficient PAD should be inserted and
attached firmly under the right axilla in order to prevent damage
to the brachial plexus and bedsore on knees. Utilizing C-arm
fluoroscopy, proper alignment of the surgical site is verified.
Then, the insertion sites of 4 ports are marked. A working channel,
optical channel, traction channel, and suction channel are required. Proper and careful construction of these 4 channels
is very important in thoracoscopic surgery. First, a 1-cm-long
optical channel is constructed just above the L1 body. A working
channel is then created by inserting a finger into the optical
channel and pushing down on the diaphragm. The working channel must be parallel to the rib and about 2 cm long. Using
the previous 2 channels, the traction and suction channels are
constructed along the anterior axillary line. Surgery can be
performed using these 4 channels. If the distance between the
channels is too small, instrument conflict and discomfort in
performing the surgery can occur. If the distance is too great,
it is difficult to manipulate the longer instruments. Therefore,
it is important to maintain adequate working space.

Copyright © 2016 The Korean Minimally Invasive Spine Surgery Society

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

Jong Tae Park

Before removal of the L2 body, discectomies of L1-2 and L2-3
are performed. The L2 body is removed with chisels, curettes,
and pituitary forceps under C-arm fluoroscopy or the endoscopic
image. The remaining disc or soft tissue should be thoroughly
removed, especially on the lateral edge or bottom. For anterior
reconstruction, an expandable cage (SynexTM, Synthes, USA) filled
with cancellous autograft bone chips is placed in the vertebrectomy defect, gradually distracted, and locked in place. The
morselized autograft from L2 and the bone graft substitute
are inserted in and around the cage and then placed in the
MACs-TL plate system (Aesculap, Germany) if necessary.

it is known that thoracoscopy can reach to L3, reconstructive
spinal surgery on L2 fractures requires insertion of screws for
the front plate into L3; therefore, reconstructive surgery of
an L2 body fracture is probably the limit for thoracoscopic
surgery. Sufficient experience with open surgery at the thoracolumbar junction is necessary. It is difficult to attempt endo-

CASE REPORT
An 18-year-old female was seen in the emergency room because of back pain and paraparesis (grade 4) after a fall from
the fifth floor. She had an unstable burst fracture of the L2
body. The vertebra was severely damaged; both pedicles were
destroyed, with the fragments protruding into the spinal canal
and pressing firmly against the nerves (Fig. 1).The posterior approach was adopted in this emergency, and decompression was
performed using laminectomy while pushing the broken fragments forward toward the body and using rear screw insertion
in L1 and L3. Three days later, we removed the destroyed L2 body
with the thoracic endoscope, inserted the expandable cage,
and reconstructed the body. We inserted the MACs-TL plate
system and restored the torn diaphragm. Routine postoperative
images confirmed that the reconstruction of the L2 body was
successful and that lumbar lordosis was well-maintained (Fig. 2).
The chest tube was removed in 5 days, and the patient left
the hospital ambulatory 15 days after the operation.

Fig. 2. Postoperative simple radiographs (A, B) show replacement
of the L2 body with an expandable cage and MACs-TL plating
system.

DISCUSSION
Anterior surgery on a lumbar fracture is generally conducted
10)
using a retroperitoneal approach . Surgeons usually take the
retroperitoneal approach for anterior surgery on L2 fractures10).
However, based on extensive experience with thoracoscopic
surgery on thoracolumbar fractures (T12 or L1), the author has
also performed endoscopic surgery on L2 fractures. Although

Fig. 3. Thoracoscopic transdiaphragmatic approach
for L2 body can reach to
L3 with resection and retraction of the diaphragm.

Fig. 1. Lumbar computed tomography shows a burst fracture
of the L2 body. Sagittal image (A) axial image (B).

Fig. 4. This photograph shows finger dissection through the
working channel to make a suction channel.

48 www.jmisst.org

VATS for L2 Burst Fracture

scopic surgery on L2 without prior surgical experience on T12
and L1, which require the least dissection of the diaphragm.
A significant procedure in thoracoscopic surgery for thoracolumbar fracture is dissection of the diaphragm (transthoracic
1,3-6)
transdiaphragmatic approach) . L2 is entirely surrounded by
the psoas muscle and lies under the diaphragm. Control of
both the psoas muscle and the diaphragm is essential to be
able to operate on L2 (Fig. 3). Thus, sufficient practice on T12
and L1 is recommended for the beginner. It is essential to make
a long incision in the diaphragm and expose the thick psoas muscle up to L3 with sufficient dissection. The surgeon should also
be experienced in restoring the diaphragm using an endoscope.
When an inexperienced surgeon inserts a port to make a
working channel in the early stage of an operation, in most
cases the port is near the retroperitoneal space instead of entering the thoracic cavity. To prevent this problem, the surgeon
should first construct the optical channel, and then push downward with a finger to dissect the area where the diaphragm
is attached to the rib (Fig. 4). At the same time, a working
channel is constructed while externally touching the finger that
entered through the optical channel. When the working channel
is completed, the port does not enter the retroperitoneal space
but can now access the thoracic cavity. Because a large incision
is made, it is important to properly restore the diaphragm to
avoid pneumonia or herniation of the stomach or large intestine.

CONCLUSION
We have performed reconstructive surgery using VATS in
11 cases of L2 fracture in the past 10 years. This paper demonstrates that the operation is feasible by illustrating a series of
successful surgical treatments, and describes the technique.
More surgical results will enable reporting of more clinical and
radiological features, as well as a comparison between thoracoscopic cases and cases treated with traditional open surgery.
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A 44 years-old woman was diagnosed as L4-5 down migrated disc herniation and
decided for percutaneous endoscopic lumbar discectomy (PELD). Since significant
amount of disc material is present in both subannular lesion and down migrated
portion, transforaminal approach for L4-5 and interlaminar approach for L5-S1 were
planned. Herniated disc was successfully removed. Simultaneous transforaminal and
interlaminar PELD can be an minimal invasive option for treatment of migrated disc
herniation in selected cases.
Key Words: PELD, Transforaminal, Interlaminar, Simultaneous, Migrated disc

INTRODUCTION
Choi et al.2) reported L5-S1 interlaminar approach to treat
L4-5 down migrated disc herniation. Developed from this previous technique, authors present a technical case report for
simultaneous L4-5 transforaminal and L5-S1 interlaminar PELD
in L4/5 down migrated disc herniation.

CASE REPORT
A 44 years-old woman presented with severe left lower extremity radiating pain and back pain, and ambulation was not
possible. MRI showed left sided large amount of disc herniation
with down migration at L4-5 (Fig. 1). The patient did not want
open surgery nor general anesthesia. We decided for percutaneous endoscopic lumbar discectomy (PELD). Since significant
amount of disc material is present in both subannular lesion
and down migrated portion, transforaminal approach for L4-5
and interlaminar approach for L5-S1 were planned. Left side
transforaminal approach at L4-5 was first performed to decompress subannular disc herniation (Fig. 2). Down migrated disc
was also to be removed at transforaminal approach but forceps
could not reach to grasp it. Rigid working channel was introduced
through L5-S1 left interlaminar window. Down migrated herniated
disc was seen just after splitting ligamentum flavum (Fig. 3). The

multi-fragmented disc was removed completely (Fig. 4 and 5).
Two 0.8 cm sized post-operative scars are observed. The pain
disappeared and patient was discharged next day.

DISCUSSION
PELD is recognized as a minimal invasive surgical option for
treatment of disc herniation. One of the biggest advantages
of PELD is preservation of the soft and bony tissues that are
usually resected in standard discectomy4). Other advantages include minimal anesthesia, shorter hospital stay, faster return
to activities of daily living, lower estimated blood loss during

Fig. 1. Ⓐ Sagittal MRI shows high-grade down-migrated L4-5
disc herniation. Ⓑ Axial MRI at L4-5 disc level shows significant amount subannular disc herniation. Ⓒ Axial MRI at L5 lower
pedicle level shows large amount of down migrated disc.
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surgery, lower cost of postoperative care, and lower infection
6)
rates . Open lumbar discectomy is gold standard to treat herniated disc and it is especially true in difficult case like this. Since
this is only case report, superiority of the technique could not
be proved but authors want to report one minimal invasive technique to treat down migrated disc herniation.
For treatment of migrated disc herniation, numerous methods
have been proposed. Lee et al.5) treated migrated disc herniations
by “half and half technique” and “epiduroscopic technique”.
They reported that down migtrated below lower level pedicle
showed unfavorable result and discourage PELD in those cases.
Choi et al.1) reported transforaminal foraminoplasty to approach
for highly down migrated disc herniation. By removing part of
facet joints, working channel can be tilted in steeper angle to
reach down migrated disc. Kim et al.3) reported transforaminal
contralateral apparoch in highly down migrated disc to decrease
chance of exiting nerve root damage. Choi et al.2) reported treatment L4-5 down migrated disc herniation via L5-S1 interlaminar
approach. Du et al.7) reported good outcomes in treatment of
down migrated disc via translaminar PELD.
Authors thought that it would be difficult to remove whole
disc from only transforaminal or interlaminar approach. There
would be insufficient decompression if only one approach was
performed. Reason for not removing transforaminal working
channel (Fig. 2) was that authors wanted to use triangulation
technique as arthroscopic surgery which uses one portal as a
viewing portal and the other as a working portal. However, disc
fragments were well removed with each approach, and biportal
manipulation was not necessary. Some would questions that

Fig. 2. Ⓐ Antero-posterior and Ⓑ Lateral view of intraoperative fluoroscopy showing placement of L4-5 transforaminal
and L5-S1 interlaminar rigid working channels. Ⓒ Note caudal to cranial direction of working channel and how far up the
focep can reach.

L4-5 transforaminal approach was really necessary. Amount of
sub-annular disc could not be ignored and could not be removed
by interlaminar approach from L5-S1. From L4-5 transforaminal
approach, complete removal of down migrated disc fragment
could be expected in if forcep can grasp part of all herniated
fragments. This is easy if there is only one fragment. However
in this case, there were multiple fragments and could not be

Fig. 4. Picture shows removed multiple fragments of herniated
disc. Disc fragments removed from transforaminal approach
are inside the circle. Note large sized disc materials from interlaminar approach.

Fig. 5. Postoperative sagittal
MRI shows complete removal
of disc.

Fig. 3. Intraoperative endoscopic pictures of interlaminar approach Ⓐ Down migrated disc was seen just after splitting ligamentum
flavum. Ⓑ Blue stained herniated disc is seen next to left side of S1 root. Ⓒ S1 root is observed after removal of disc.
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removed from transforaminal approach. Still, L4-5 transforaminal
approach should precede interlaminar approach in L45 down
migrated disc herniation, if surgeons think subannular disc is
large and should be removed because surgery can be finished
with only transforaminal approach.
Indication of this technique is limited to L4-5 down migrated
disc with wide L5-S1 interlaminar window. This technique is similar
from previous technical note for L4-5 down migrated disc herniation via L5-S1 interlaminar approach2). Choi et al.2) did not define
criteria for wide L5-S1 interlaminar window. Wide interlaminar
window can be referred as upper roof of interlaminar space
should be at least above the anatomical line bisecting the midpedicular level of L5 on the coronal image or AP X-ray. Diameter
of working channel is about 8 mm. Surgeons can measure preoperatively in AP X-ray that interlaminar window of ipsilateral
side can accommodate 8 mm diameter working channel. Once
working channel is introduced in epidural space, working channel
should be tilted caudally in maximum angle and approach to
L4-5 down migrated disc is possible.

CONCLUSION
Simultaneous transforaminal and interlaminar PELD can be
an minimal invasive option for treatment of migrated disc herniation in selected cases.
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subluxation, malalignment, or loss of normal cervical lordosis, the number of the patients that required a delayed fusion procedure could be reduced to less than 1.5%.
With these promising results from the literature, the authors have pursued direct removal of disc space pathology through transcorporeal route from the subjects that
have met those selection criteria, leaving the majority of the anterior and central disc,
anterior longitudinal ligament, and both upper and lower vertebral endplates intact.
This selective removal procedure might exclude the fusion surgery–related complications while deterring the development of subsequent instability. Moreover, since it
includes an ‘oblique’ drilling procedure, this might also give a more free access to
the region such as high cervical or cervico-thoracic junction.
Key Words: Transcorporeal, Midline cervical disc, Selective decompression

INTRODUCTION
A variety of effective surgical options exist for the treatment
of patients with degenerative disease of the cervical spine. Generally, surgeons preferentially use the anterior approach to the
cervical spine and interspaces, which frequently ensued by whole
discectomy and fusion. This modality is rather safe and provides
the benefit of directly exposing the offending pathology along
with the verification of the decompression of the compromised
neural structures. However, as with the previous series, the
potential complications after fusion surgery would be the graft
or instrument failure, longer duration of operation or hospital
stay, necessity to wear brace for several months, and possibility
of yielding adjacent segment disease. Moreover, placing the
grafts or instruments properly over the high cervical or cervicothoracic junction area would not be an easy procedure during
the fusion surgery.
The previous reports on the outcome after anterior cervical
discectomy without fusion varies among the institutes1,2,5,6).
However, after careful selection of the patients with isolated
cervical soft disc herniation or focal osteophyte formation with

out instability, subluxation, malalignment, or loss of normal cervical lordosis, the number of the patients that required a delayed
fusion procedure could be reduced to less than 1.5%4). With
these promising results from the literature, the authors have
pursued direct removal of disc space pathology through transcorporeal route from the subjects that have met those selection
criteria, leaving the majority of the anterior and central disc,
anterior longitudinal ligament, and both upper and lower vertebral endplates intact. This selective removal procedure might
exclude the fusion surgery -related complications while deterring
the development of subsequent instability. Moreover, since it
includes an ‘oblique’ drilling procedure, this might also give
a more free access to the region such as high cervical or cervicothoracic junction.

1. Goal of Surgery
The main goal of transcorporeal decompression is to directly
address the isolated compressive disc space pathology through
limited endplate disruption. This can be combined with fusion
or anterior foraminotomy procedure on the other cervical level
when the disc space pathologies are involved on the multi-level.
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Treatment Options and Critical Points of
Making Decision

1. Positioning and procedures

The conventional surgical treatment modality for the isolated
cervical disc pathology that most surgeons would choose would
be anterior cervical discectomy and fusion. However, getting
access to or placing a solid plate and screw along with bone
graft down to T2 level even after full decompression would be
quite demanding and therefore would require big longitudinal
incision along the sternum. Moreover, the combined cervical
pathology, as in the second case, would conventionally have
required multilevel fusion surgery.
The choice of selective removal of herniated pathology through
transcorporeal route would be proper for these patients, as the
procedure might adequately decompress the spinal cord while
relegating the necessity to perform a complicated surgical approach or multi-level fusion. However, as the authors have described
earlier, the subjects with the evidence of cervical instability, subluxation, malalignment, or loss of normal cervical lordosis especially
at the corresponding level should be refrained from undergoing
this procedure4).

The patient is in supine position and is approached from the
more compressive and more symptomatic side. Usually a transverse skin incision is made corresponding to the mid-body portion
either above or below of the pathologic disc level. Access to
the cervical spine is gained by following the standard SmithRobinson approach. After the exposure of the vertebral bodies
and ipsilateral longus colli muscle, the longus colli muscle is carefully
and minimally displaced laterally just to expose the tip of medial
portion of the transverse process. Caspar screws were in zserted
at the exact mid-portion of the bodies and using this as a medial
retractor, a retractor was placed between the screw and displaced
longus colli muscle.
The drilling is started from 3-4 mm above or below the bony
endplate on the vertebral body on the either side of the disc
space. The drilling depth went further vertically into the bodies
until the juntion between the endplate and posterior cortical
bone is exposed. Since the procedure is composed of a bit ‘oblique’
type drilling, care is taken to avoid the violation to the slim
wall of bony endplate during the initial phase of the vertical

Fig. 1. The preoperative T2-MRI sagittal, axial and CT scan (case
#1) revealed a severely protruded disc herniation combined
with small osteophyte on the T1-2 disc level, compromising
the left portion of the spinal cord by occupying more than
half of the canal diameter at its maximal dimension. The evidence of myelopathy is also definite on the sagittal MRI image.

Fig. 3. At the lower C5-6 level, another soft disc herniation
compressing the left C6 nerve root at the foramen is also
demonstrated.

Fig. 2. The preoperative T2-MRI sagittal, and axial scan (case
#2) revealed a protruded disc herniation which have migrated
upwardly on the C3-4 disc level, compressing the spinal cord
mostly from central.

Fig. 4. The postoperative MRI sagittal and axial scan demonstrates the well-decompressed spinal cord at the corresponding level for each case (T1-2 for case #1 and C3-4 for case #2)
with minimal disruption only on the posterior part of the disc.
Note the slight oblique, vertical drilling pathway through the
transcorporeal route.
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Fig. 5. Also note the
surgical defect created
by drill hole after the
left C5-6 foraminotomy
for case #2.
drilling before the junction has been exposed. Once the posterior
limit of the drill hole is reached, the side-cutting burr tip might
be used to expand the hole from within. With the careful manipulation and lifting of the remnant posterior cortical bone and posterior longitudinal ligament, the dura would be exposed along with
the compressive disc pathology. After the visualization of the
compressive pathology, it should be gently removed or drilled
off using micro-forcep, blunt hook, laser, or side-cutting drill.
Care is taken to not to disrupt the central part of the disc
space while using the small sized punch or microcurette. After
full decompression, the restoration of the cord pulsation and
re-expansion of the dural sac should be confirmed. The adequacy
of decompression should be assessed with gentle palpation over
the dural sac with blunt hook especially along the direction
that coincides with the direction of herniated pathology. Every
side of exposed dura should come in contact with bony margin of drill hole once the decompression is achieved sufficiently
(Fig. 1-5).
Postoperatively, the patients were advised to wear neck brace
2 to 4 weeks and to avoid excessive movement.

Expected Complications and Results
The expected surgery-related complication after transcorporeal decompression procedures would be: (1) the cord injury
especially during the final stage of vertical drilling, (2) the cerebrospinal fluid leakage during the removal of the compressive
pathology, (3) a kyphotic progression of the cervical curvature,
and (4) inadequate decompression or recurrence. The cases described above showed no evidence of the complication with complete resolution of their preoperative disabling symptoms.

DISCUSSION
The purpose of the transcorporeal selective decompression
without fusion for the isolated cervical disc pathology would
be that achieving adequate decompression through anterior approach while minimizing the effect on the motion segment of
the cervical vertebrae7). The conventional anterior cervical discectomy followed by fusion is a safe, direct, and associated
with higher success rate for the treatment of cervical discogenic

diseases, but it is frequently ensued with potential complications
such as loss of a motion segment, graft or instrument failure,
or the development of adjacent segment disease. While the
most surgeons would apprehend that the performance of cervical
discectomy without fusion might yield the consequence of the
development of postoperative instability or subsidence of disc
space, mere disruption of less than 10 to 15% of vertebral area
through transcorporeal route or partial removal of the posteriorly
herniated disc during this selective, decompressive procedure
might obviate these concerns3,7). Moreover, there are many proven previous literature supporting the evidence that minor loss
in disc height and minor alterations in cervical sagittal curvature
after anterior cervical discectomy without fusion do not affect
1-3,7)
the long-term outcomes . Moreover, since it is an ‘oblique’
procedure, surgeons could use simple incision over the safe cervical region between superior and inferior thyroid artery, thereby
avoiding the complicated incision or approaching steps to the
high cervical or cervicothoracic junction area(FIg. 1-5), which
would not be a readily accessible region during the fusion surgery.
Since it is a very selective procedure working on the very
narrow surgical field, chances exist that surgeon might miss the
remnant pathology. However, with the recent assistance of the
Iso-3-dimensional intraoperative fluoroscopy, these possibilities
of the residual pathology have been significantly decreased.

1. Practical Points
1. Try to locate the exact center of the anterior vertebral
body on the affected disc level during the approach. It
should be defined as the midpoint between the both sides
of the longus colli muscle or with the aid of the intraoperative
fluoroscopy. It is very important to imagine at least ‘where’
the actual herniated mass is located.
2. Try to create as small defect as possible on the surface
of the anterior vertebral body and then widen the drill
hole as you reach for the pathology using side-cutting
drill. This relative small superficial deficiency would have
a higher chance of refilling with reparative new bone formation later.
3. Try not to disrupt the endplate and expose the disc space
on the initial phase of the vertical drilling procedure. It
is after you define the junction between the endplate and
posterior cortical bone that you might disrupt the posterior
endplate only to visualize the herniated pathology. Once
you reached for the disc space during the early phase
of transcorporeal drilling procedure, chances are increasing
the you would muchly disrupt the majority of the central
nucleus, thereby leading to the development of postoperative instability or disc space subsidence.
4. Gently palpate over the dural surface while you search
for the remnant pathology using very soft, micro-blunt
hook during the terminal phase of decompression. Once
fully decompressed, the dural sac would rapidly expand
along with the spinal cord and minor aberrant manipulation
could produce direct injury on the anterior aspect of the
cord.
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