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Background: The aim of the present study was to evaluate the curative effect and safety of thoracic full-
endoscopic unilateral laminotomy with bilateral decompression (TE-ULBD) for treating ossification of the 
ligamentum flavum (OLF) with myelopathy. 
Methods: Between January 2015 and December 2018, 23 consecutive patients with symptomatic thoracic 
OLF were treated with TE-ULBD. Of these, 21 (13 women and 8 men, aged 49–75 years) were included 
in the study and followed up for a minimum of 1 year. The mean blood loss was 15.48 mL (10–30 mL), 
operative duration was 78.86 min (55–115 min), and hospitalization was 5.05 days (3–15 days). The Japanese 
Orthopaedic Association (JOA) was used to evaluate spinal cord function, and the curative effect was defined 
by the JOA improvement rate. The area of OLF (AOLF), the maximum spinal cord compression (MSCC), 
and the area of spinal cord (ASC) were used to evaluate OLF clearance and spinal cord decompression status.
Results: At the final follow up,the JOA score was 8.33 points (5–11 points), which was a significant 
improvement from the preoperative 5.33 points (3–9 points, P<0.01). The excellent and good rate 
was 76.19% (16/21). The average preoperative AOLF and AOLF ratio were 85.27±23.66 mm2 and 
57.86%±11.86%, respectively, and the postoperative AOLF and AOLF ratio were 16.27±11.75 mm2 and 
8.13%±5.38%, respectively. The MSCC increased from 27.99%±13.51% preoperatively to 48.02%±6.66% 
postoperatively. The ASC was 42.90±10.60 mm2 preoperatively and 64.54±21.36 mm2 postoperatively. There 
were statistically significant differences in all parameters preoperatively and postoperatively (P<0.01). One 
case had postoperative hematoma, and the symptoms gradually eased after 3 weeks of conservative treatment. 
There were no other complications. No recurrence of OLF was detected during the follow-up period.
Conclusions: TE-ULBD is safe and effective for thoracic OLF with the advantages of reduced trauma 
and bleeding, and faster recovery.
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Introduction

Thoracic ossification of the ligamentum flavum (TOLF) 
is one of the most common pathogenetic causes of 
thoracic myelopathy (1,2). Although its incidence is 
relatively low, the incidence of asymptomatic TOLF is 
about 3.8%, thoracic stenosis with myelopathy caused 
by TOLF can be extremely serious (2-6). Because of 
ineffective outcomes with conservative treatment and 
the difficulty in neurological function rehabilitation for 
TOLF, operation is recommended as soon as possible 
to remove the spinal cord compression once patients 
have lower limb weakness or sensory disorders (1,3,5-8).  
At present, commonly used surgical methods include 
posterior laminoplasty, hemilaminectomy, laminectomy 
with or without fusion, and transforaminal resection and 
decompression (5,6,9-11). Good therapeutic effect can be 
achieved by adopting these operative methods. However, 
these open procedures have deficiencies, such as severe 
trauma, excessive bleeding, and may even cause iatrogenic 
spinal instability. Li et al. recommended that TOLF 
surgery should use internal fixation to reconstruct stability 
and prevent progression of kyphotic deformity and 
associated neurological deterioration if the facet joint is 
excessively damaged during the operation (9). The use of 
internal implants is associated with high cost and the risk 
of other complications, such as pedicle screw breakage or 
displacement. Previously published studies have reported 
that the complication rate of TOLF surgery is as high as 
35–51% (6,12-15).

In the past decade, percutaneous endoscopic surgery 
has been widely used in lumbar and cervical degenerative 
diseases, and is known to be an effective alternative to 
conventional open surgical procedures. A few clinical 
reports have also recently addressed the application of 
endoscopic surgery in thoracic disc herniation, stenosis, 
and OLF (16-21). However, most of the surgeries in the 
literature are endoscopy-assisted surgeries using a 6.9-mm 
endoscope (17-21).

In the present study, we introduced a method of thoracic 
full endoscopic unilateral laminotomy with bilateral 
decompression (TE-ULBD) to treat OLF by using a large 
endoscope. The main advantage of this technique is the 
high security, the whole process is performed under full 
endoscopic visualization and continuous irrigation fluid, 
and the TOLF can be removed step by step. The optimized 
large endoscopic system can also enable the surgeon to 
obtain a better operation field and perform the surgery 

effectively and accurately. We present the following article 
in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-2181).

Methods

Patient characteristics

Twenty-three consecutive patients with symptomatic 
TOLF were treated with TE-ULBD between January 
2015 and December 2018. X-ray, computed tomography 
(CT), and magnetic resonance imaging (MRI) examinations 
were performed preoperatively. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The present study as approved by the Ethics 
Committee of the Guangdong Provincial Hospital of 
Chinese Medicine (No.: YE2021-146-01), and written 
informed consent was obtained from all participants.

Twenty-one patients (13 women and 8 men, aged  
49–75 years) were included in the study and followed up for 
a minimum of 1 year. The length of symptoms ranged from 
5 to 120 months, with an average of 27.61 months. There 
were 16 cases with lower limb paresthesia, 15 with decreased 
muscle in the lower extremities, 7 with thoracoabdominal 
girdle sensation, 5 with bladder–bowel dysfunction, and 6 
with back pain. The mean blood loss was 15.48±5.90 mL  
(10–30 mL), operative duration was 78.86±16.66 min 
(55–115 min), and hospitalization was 5.05±2.58 days 
(3–15 days). Surgical segment distribution was 1 in T1/2, 
1 in T2/3, 1 in T7/8, 3 in T9/10, 10 in T10/11, and 5 in 
T11/12. According to Sato’s classification (7), there were 8 
lateral-type cases, 7 extended type, 4 enlarged type, and 2 
fused type. According to Ning’s classification, all cases were 
circumscribed type (22) (Table 1).

Sato classified TOLF into 5 types based on the 
progression of the ligament ossification on the axial CT 
scan as follows: lateral type (ossification of only the capsular 
portion), extended type (extension of the ossification 
to the interlaminar portion, but the affected part is still 
thin), enlarged type (thickening of the ossification with 
anteromedial enlargement), fused type (fusion of the 
bilateral ossified mass at the midline), and tuberous type 
(nodular growth of the ossified mass anteriorly) (7). Ning 
et al. divided TOLF into circumscribed (ossification in 2 or 
fewer adjacent levels), continuous (continuous ossification in 
3 or more levels), and intermittent (intermittent distribution 
of local or continuous ossification) types according to lesion 
distribution in sagittal MRI (23).
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Surgical technique

The operation was performed in the prone position 
on a radiolucent table under general anesthesia. An 
anteroposterior radiograph as obtained with a syringe 
needle to confirm the incision level. After verification of 
the incision level, the superficial surgical site was marked 
just lateral to the midline spinous processes. A 1-cm skin 
incision was made, and the superficial fascia and deep 
fascia were cut. The obturator was then introduced and 
used to feel the inferior border of the upper laminae, the 
superior edge of the inferior laminae, and the medial point 
of the facet joint. Stepwise expansion tubes were used to 
extend the soft tissue. The beveled working sleeve was 
then inserted and expansion tubes were removed, and the 
endoscope system was introduced through the working 
cannula. 

Further procedures were done under continuous visual 
control and irrigation through the intra-endoscopic 

working channel. The overlying soft tissue was coagulated 
with the radio frequency (RF) probe and removed with 
endoscopic forceps to expose the anatomical structure of 
the lamina, intervertebral space, spinous process root, and 
articular process. Once the osseous structures were exposed, 
the lower border of the superior lamina was drilled until the 
attachment of the ligamentum flavum was exposed, and the 
drill was directed laterally toward the facet joint. The upper 
boundary of the inferior lamina and articular processes on 
the same side were excised, and the basal part of the spinous 
process was excised by high-speed drill until the normal 
boundary of the ligamentum flavum was clearly revealed.

Starting from the position where the yellow ligament 
is connected to the lamina or from the medial margin of 
the facet joint to explore the normal ligamentum flavum 
which is not yet ossified, the normal ligamentum flavum is 
removed by forceps and punches until the ossification of 
the ligamentum flavum (OIL) is revealed. The TOLF was 
then ground using layer-by-layer thinning by an endoscopic 
high-speed drilling system. Remanent laminae of the OLF 
were removed by endoscopic Kerrison punches. Finally, 
the over-the-top technique was used to decompress the 
contralateral margin of the spinal cord, which was then 
extended to the cranial and the caudal side (Figure 1). We 
again checked for any compression on the spinal cord and 
then exited the working channel. The wound was bound 
with tissue biological glue. Drainage tubes and antibiotics 
were not required. Patients were able to get of bed 6 hours 
after surgery and discharged the following day.

Follow up and evaluation index

The Japanese Orthopaedic Association (JOA) thoracic spine 
11-point method was used to evaluate spinal cord function 
preoperatively, and at the 6-month, 1-year, and final follow 
up as follows: improvement rate = (postoperative JOA 
score − preoperative JOA score)/(11 points − preoperative 
JOA score) ×100%. The curative effect was defined by the 
improvement rate as follows: excellent: >75%, good: 51–
75%, intermediate: 25–50%, and poor <25%. Intraoperative 
and postoperative complications were analyzed.

Radiographic parameters and measurements

CT and MRI scans with whole-spine T2-weighted images 
were taken. The picture archiving and communication 
systems (PACS) was used for measuring and collecting the 
MRI and CT scan data. Two observers with more than  

Table 1 Patient characteristics

Variable Number

Age (years) 62.44 [49–75]

Sex (female/male) 13/8

Length of symptoms (month) 27.61

Blood loss (mL) 15.48±5.90

Operative time (min) 78.86±16.66

Hospital stay (days) 5.05±2.58

Location of OLF

T1/2 1

T2/3 1

T7/8 1

T9/10 3

T10/11 10

T11/12 5

Morphologic classification

Lateral 8

Extended 7

Enlarged 4

Fused 2

Tuberous 0

OLF, ossification of the ligamentum flavum.
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5 years of experience each in the spine field independently 
measured the area of the spinal cord (ASC) and spinal 
canal. In the PACS, the observers used the “measure 
2D line segment” tool to measure the irregular shape 
area. The value of the measured index was automatically 
displayed. The area of the OLF (AOLF) and AOLF ratio 
were measured on CT, whereas the maximum spinal cord 

compression (MSCC) and the ASC were measured on MRI.
The AOLF was measured as the cross-sectional area of 

the OLF at the thickest point of the CT in the axial view. 
The AOLF ratio was measured as AOLF/canal area ×100%. 
For better measurement and comparison, the canal area 
was measured as the cross-sectional area where the distance 
between the vertebra and lamina is shortest (Figure 2A) (1).  

Figure 1 Schematic diagram of thoracic full-endoscopic unilateral laminotomy with bilateral decompression for ossification of the 
ligamentum flavum. (A) Endoscope is placed on the lamina of the surgical segment (blue dashed arrow indicates the range of decompression). 
(B) Order of the full-endoscopic lamina resection was as follows. The lower half of the upper lamina was removed, followed by the upper 
half of the lower lamina and the base of the spinous process. (C) Over-the-top technique to decompress the contralateral margin of the 
spinal cord and then extend it to the cranial and the caudal side.

Figure 2 Imaging measure index. (A) Area under the ossification of the ligamentum flavum (AOLF) (blue) (a) and the canal area (red) (b). 
AOLF%=a/b×100%. (B) Maximum spinal cord compression = c/[(d+e)/2]. (C) Visual method of measuring the cross-sectional area of the 
spinal cord (red).

A B C

A B C

d

c

e



Annals of Translational Medicine, Vol 9, No 12 June 2021 Page 5 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(12):977 | https://dx.doi.org/10.21037/atm-21-2181

Table 3 Comparison of radiographic parameters preoperatively and postoperatively

Variable Preoperative Postoperative P value

AOLF (x±s, mm2) 85.27±23.66 16.27±11.75 0.000

AOLF ratio (%) 57.86±11.86 8.13±5.38 0.000

MSCC (%) 27.99±13.51 48.02±6.66 0.024

ASC (x±s, mm2) 42.90±10.60 64.54±21.36 0.017

Data presented as means ± standard deviations. AOLF, cross-sectional area of the ossification of the ligamentum flavum at the thickest 
point; ASC, cross-sectional area of the spinal cord at the compression site; MSCC, ratio of the mid-sagittal diameter of the spinal cord at 
the compression site.

The MSCC was defined as the ratio of the mid-sagittal 
diameter of the spinal cord at the compression site, which 
was divided by the average diameter of the spinal cord at the 
closest non-compressed regions (Figure 2B) (24). The ASC 
was measured as the cross-sectional area of the spinal cord 
at the compression site in the axial view of the T2-weighted 
image (Figure 2C) (25).

Statistical analysis

Statistical analysis was performed using SPSS (version 19.0; 
SPSS, Chicago, IL, USA). Comparisons of the clinical and 
radiologic data before and after surgery were performed 
using paired sample t-test. P<0.05 was considered 
statistically significant.

Results

At the final follow up, the JOA score was 8.33 points 
(5–11 points), which was a significantly improvement 
from the preoperative 5.33 points (3–9 points, P<0.01) 
(Table 2); 56.25% (9/16) of lower limb paresthesia was 
completely relieved, 40% (6/15) of decreased muscle in the 
lower extremities fully recovered, 60% (3/5) of bladder-

bowel dysfunction returned to normal, 71.43% (5/7) of 
thoracoabdominal girdle sensation completely disappeared, 
and all the back pain resolved (6/6). The JOA improvement 
rate was 61.5% (20–100%). Efficacy determination was as 
follows: 9 cases were excellent, 7 cases were good, and 5 
cases were medium; the excellent and good rate was 76.19% 
(16/21). 

The average preoperative AOLF and AOLF ratio were 
85.27±23.66 mm2 and 57.86%±11.86%, respectively, 
and the postoperative AOLF and AOLF ratio were  
16.27±11.75 mm2 and 8.13%±5.38%, respectively. The 
MSCC increased from 27.99%±13.51% preoperatively 
to 48.02%±6.66% postoperat ively.  The ASC was  
42.90±10.60 mm2 preoperatively and 64.54±21.36 mm2 
postoperatively. There were statistically significant 
di f ferences  in  a l l  parameters  preoperat ively  and 
postoperatively (Table 3).

One patient had symptoms of exacerbation of lower 
extremity radiation pain after surgery, but muscle strength 
of the lower extremity did not decrease. Hematoma was 
diagnosed by MRI examination. The patient underwent 
3 weeks of treatment, and the symptoms gradually eased. 
The hematoma disappeared after 6 months. In addition, 
there were no complications, such as spinal cord injury, 
cerebrospinal fluid leakage, wound healing disorders, 
infections, deep venous thrombosis, or deteriorating 
neurological function. No recurrence of OLF was detected 
during the follow-up period.

Discussion

TOLF classification and surgical options

Although T2-weighted sagittal MRI is important for 
assessing the degree of spinal cord compression, CT scan 
is the most important method to diagnose and evaluate 

Table 2 Comparison of Japanese Orthopaedic Association (JOA) 
scores before and after surgery

Variable JOA scores

Preoperative 5.33±1.52

6 months postoperative 7.05±1.24*

1-year postoperative 7.86±1.28*

Final follow up 8.33±1.62*

*, compared with preoperative, P<0.01.
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Figure 3 Case presentation. A 63-year-old male patient diagnosed with thoracic ossification of the ligamentum flavum (TOLF) at T10/11. 
(A) Preoperative sagittal computed tomography (CT) scan revealed that the OSF invaded the entire spinal canal and was attached to the 
posterior margin of the vertebral body. (B) CT scan in cross-section indicated lateral-type TOLF. (C) Preoperative sagittal magnetic 
resonance imaging (MRI) revealed severe spinal canal stenosis and obvious spinal cord compression at T10/11. (D) Right-side thickening of 
ligamentum flavum was more severe than the left. (E) Anterior-posterior X-ray revealed that the working channel was located at the junction 
of the lamina and articular process. (F) Working channel was located on the lamina surface on lateral X-ray. (G) Working channel of the 10-
mm endoscopic system. Its surface is a thread design, similar to a screw. (H) After complete decompression, the spinal cord was fully dilated, 
and could fluctuate gently without effort. (I) Intraoperative fragments of the TOLF. (J) Excised pathological tissue was confirmed as OLF by 
histopathological examination. (K,L). Postoperative CT scan showed that the OLF had been completely resected. (M) 3D CT showed that 
the enlarged bony window did not exceed half of the articular process. (N) MRI 2 years postoperatively revealed complete decompression of 
the spinal cord. Red arrows indicate surgical site.
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TOLF, because it can show precisely the areas where there 
is protruding ossification from the posterior to the anterior 
aspects of the spinal canal. The combination of CT scan 
and MRI can conduce to improve the accuracy of radiologic 
diagnosis for ossification of ligamentum flavum with thoracic 
myelopathy. TOLF typing is performed mainly by referring 
to the different manifestations of CT scan and MRI.

The choice of surgical modality should be based on 
the pathological factors of spinal cord compression, 
number of narrow segments, and the patient's systemic 
conditions. However, for TOLF with different pathological 
manifestations, no consensus has been reached on the 
selection of surgical method. Because the spinal cord 
is compressed from the posterior side, TOLF relief is 
mainly achieved by thoracic posterior wall resection and 
decompression. There are several options for treating 
TOLF, such as laminotomy, laminoplasty, foraminotomy, 
and en bloc laminectomy with or without dural excision/
floating ossified dura mater (5,8-10,12,13,22,26-28). Open 
surgery has an inevitable disadvantage of further damage 
to the paraspinal soft tissue. Therefore, an accurate and 
minimally invasive decompression method according to the 
classification of pathological factors is a more reasonable 
solution. According to Ikuta et al. and Baba et al., a micro-
endoscopic technique is also a feasible treatment for thoracic 
myelopathy caused by TOLF (29,30). Some scholars used 
percutaneous endoscopic surgery to treat TOLF obtained 
satisfactory short-term clinical results (29,30). 

Indications and contraindications of TE-ULBD

Although percutaneous endoscopic surgery is a minimally 
invasive solution for the treatment of OLF, it is necessary 
to grasp the indications to obtain a better effect. Indications 
of TE-ULBD for TOLF are as follows: (I) progressive 
myelopathy symptoms (loss of vibration and proprioception, 
spastic paraparesis, or loss of sensation) with or without 
local thoracic pain. CT scans can indicate OLF, and MRI 
can show thoracic spinal stenosis and compression of the 
spinal cord; (II) 1 level or 2 levels; and (III) lateral type, 
extended type, enlarged type, and fused type, according to 
Sato’s classification, and circumscribed type, according to 
Ning’s classification.

Contraindications of TE-ULBD for TOLF are as 
follows: (I) tuberous type, according to Sato's classification, 
and circumscribed type or continuous type, according 
to Ning’s classification; (II) ossification of the posterior 
longitudinal ligament, or intervertebral disc herniation 

with calcification; (III) high-grade deformity or prior 
history of surgery in the target segment; and (IV) spinal 
stenosis caused by tumor or fracture. This option is also not 
recommended in cases of segmental instability. 

Clinical outcomes and complications of TE-ULBD for 
TOLF

Unlike open surgeries or the micro-endoscopic technique, 
full endoscopic surgery is performed under continuous 
irrigation fluid for clearer vision and reduced bleeding. Liu 
et al. performed percutaneous endoscopic surgery using 
the bilateral translaminar osseous channel approach to treat 
thoracic OLF combined with disk herniation, and obtained 
sufficient decompression of the spinal cord with minimum 
trauma (16). Wu et al. adopted endoscopic visual trepan 
decompression to treat single-segment OLF and found 
that it had advantages of reduced trauma, faster recovery, 
and lower cost than the technique of posterior spinal 
canal resection and decompression (17). An et al. adopted 
percutaneous full endoscopic posterior decompression 
for the treatment of TOLF at a single level and obtained 
satisfactory clinical results. They found that endoscopic 
surgery is a safe, effective, and reliable method for OLF (18).

Based on the results of the cases in the present 
study, interoperative blood loss was 15.85 mL and no 
postoperative drainage was needed, and hospitalization was 
5.14 days. These results are significantly lower than those 
reported in the literature for open surgery (18,31). The 
postoperative JOA was significantly increased, which means 
that the patient’s neurological function and motor function 
are significantly improved. The postoperative AOLF, 
AOLF ratio, MSCC, and ASC were significantly improved 
compared those preoperatively, indicating that TE-ULBD 
can effectively remove OLF and fully decompress the 
thoracic spinal cord (Figure 3). In addition, TE-ULBD 
did not have serious complications, with only 1 case of 
postoperative hematoma found. The complication rate was 
4.76%, which is lower than that reported in the literature 
for other surgeries (11.11–23.33%) (18). According to 
reports in the literature, the most likely complications 
of endoscopy assisted surgery for TOLF include: Dural 
tears, transient paraesthesia or neuralgia, revision surgery, 
neurological injury and epidural haematoma (16-20,32).

Technical essentials of TE-ULBD

Thoracic decompression may seem simple, but serious 
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postoperative complications, such as aggravation of spinal 
cord injury, are still common occurrences. The blood supply 
of the thoracic spinal cord is consistent with the distribution 
of spinal nerves. There is only a few vascular anastomosis 
branch of the thoracic medulla, and its collateral circulation 
blood supply capacity is poor, so that it is prone to ischemia. 
The high thoracic and thoracolumbar segments of the 
spinal cord are transitional regions with different blood 
supplies and are prone to ischemic injury. However, thoracic 
spinal canal volume is low, and the medulla spinalis has 
poor tolerance to oppression. Therefore, excessive traction 
of the spinal cord during surgery, or compression of nerves 
by surgical instruments, as well as damage to the peridural 
vascular network, may lead to deterioration of postoperative 
nerve function. We recommend endoscopic layer-by-layer 
thinning technique to treat TOLF, which can remove OLF 
without extra pressure to the spinal cord and reduce the 
harmful stimulation to the spinal marrow.

The epidural space is rich with blood vessels that may 
easily beget of bleeding and cause the blurred vision 
during surgery. The drawback of open surgery is that 
when there is excessive intraoperative bleeding, hemostasis 
will be difficult, which may lead to residual TOLF and 
postoperative hematoma. We recommend using pre-
hemostasis measures to control bleeding, if the venous 
plexus around the epidural sac will obstruct further 
operation, it can be cauterized by radiofrequency before 
rupture.  Endoscopic pre-hemostasis does not only reduce 
bleeding but can also reduce the blurred surgical field of 
vision after bleeding and increase the safety of operation.

Thoracic decompression should cover holo-laminectomy 
and half of the articular processes at the transverse level 
and should exceed 1 segment of the compression level 
in the coronal (6,8,10,14). To confirm the effectiveness 
of the operation, the ossified ligamentum flavum should 
be completely removed under the endoscope, and the 
spinal cord should fully decompressed. We believe that 
the scope of decompression can be confirmed if the spinal 
cord is fully expanded under endoscopy. When the spinal 
cord can fluctuate gently without effort, it means that the 
decompression has been fully completed. We therefore 
recommend protecting the osseous structure and not 
exceeding half of the articular process to avoid iatrogenic 
postoperative spinal instability.

The shortcoming of this study is the number of patient 
samples is small, and a large sample study should be carried 
out jointly with multiple centers for verification.

Conclusions

TE-ULBD is safe and effective for TOLF. Minimally 
invasive surgery of the spine can effectively complement 
conventional open surgery, and has the advantages 
of minimal surgical trauma, reduced bleeding, less 
postoperative pain, faster convalescence, and short 
hospitalization time.
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