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Objective: To explore the clinical efficacy, characteristics and safety of endoscopic-
assisted resection of single-segment posterior longitudinal ligament ossification in the
treatment of thoracic spinal stenosis (TSS).
Method: Fifteen TSS patients, including 6 males and 9 females aged 43–70 years
treated with endoscopic-assisted resection of single-segment posterior longitudinal
ligament ossification through the transfacet joint approach by our team from November
2016 to June 2020 were retrospectively analyzed. The operation time, intraoperative
blood loss, and postoperative complications were recorded. The VAS score, ODI and
JOA score (full score, 11 points) were recorded before the operation, after the
operation and at the last follow-up to evaluate the clinical efficacy and calculate the
improvement rate.
Results: The ventral side of the spinal cord was decompressed in all patients, providing
improvements in neurological symptoms and significant pain relief. The mean follow-up
time was 20.27 ± 3.87 months. Mean operation time, intraoperative blood loss, and
hospitalization time were found to be 84.80 ± 13.23 min, 36.33 ± 7.41 mL, 5.13 ± 1.02
days; respectively.The JOA score at the last follow-up was 8.6 ± 1.25, which was
significantly better than the preoperative (5.53 ± 1.20) and postoperative (6.87 ± 1.31)
scores (p < 0.05). The mean JOA score improvement rate was 56.5 ± 18.00%. The
JOA score improvement rate classification at the last follow-up was excellent in 3
cases, good in 8 cases, effective in 3 cases, and no change in 1 case; for an effective
rate of 93.33%. The VAS score significantly decreased from 6.67 ± 1.01 preoperatively
to 3.47 ± 0.88 postoperatively and 1.73 ± 0.67 at the last follow-up (p < 0.05). The ODI
significantly decreased from 72.07 ± 6.08 preoperatively to 45.93 ± 5.01
postoperatively and 12.53 ± 2.33 at the last follow-up (p < 0.05). Dural rupture
occurred in 2 patients during the operation; 1 patient experienced neck discomfort
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during the operation, which was considered to be caused by high fluid pressure and was
relieved by massage and by lowering the height of the irrigation fluid. No cases of
cerebrospinal fluid leakage, wound infection or other complications occurred.
Conclusion: Endoscopic-assisted resection of posterior longitudinal ligament ossification
through the facet joint approach is a safe and effective method for the treatment of TSS.

Keywords: minimally invasive, spinal endoscopy, posterior longitudinal ligament ossification, thoracic spinal
stenosis, TSS, OPLL (ossification of the posterior longitudinal ligament)
INTRODUCTION

Thoracic spinal stenosis (TSS) is a degenerative disease that
progresses slowly and can remain asymptomatic for a long
time, but the delay in diagnosis results in irreversible damage
to the nervous system at the time of diagnosis (1–4). The pain
caused by TSS also seriously affects the work and life of
patients. Therefore, the treatment of TSS is extremely
important. Although there is no unified principle or standard
for the treatment of TSS, relevant scholars generally believe
that the clinical effect of conservative treatment for TSS is
poor. As a result, patients with TSS should undergo surgery
soon after diagnosis (5).

In patients with TSS, ossification of the posterior longitudinal
ligament (OPLL) is the main cause of ventral spinal cord
compression (6–8). A large number of scholars have reported
that the traditional open surgical treatment method has
disadvantages, including the severe trauma, many potential
complications, and unstable efficacy (9), and this surgical
method is becoming increasingly unsuitable for many patients.
With the development of minimally invasive techniques,
endoscopic spinal surgery has been widely used in the
treatment of diseases affecting the cervical and lumbar spine,
with good clinical results (10, 11). At the same time, some
scholars have applied endoscopic techniques in the treatment
of OPLL of the thoracic spine and have also achieved good
surgical results (12). Therefore, endoscopic-assisted resection
of OPLL in the thoracic spine for the treatment of TSS has
gradually become a research focus.

However, there have been few reports on the treatment of
TSS by an endoscopic-assisted transfacet joint approach. We
used an endoscopic-assisted transfacet joint approach for the
resection of OPLL and discussed the characteristics, clinical
efficacy and safety of this operation in the treatment of TSS.
MATERIALS AND METHODS

Patients
Fifteen patients with TSS treated by endoscopic-assisted
resection of single-segment posterior longitudinal ligament
ossification through the transfacet joint approach by our team
from November 2016 to June 2020 were retrospectively
analyzed. Common clinical manifestations were chest and
back pain, girdle sensation, numbness in the saddle area,
bowel and bladder dysfunction, numbness and weakness of
both lower extremities, unsteady walking, sensation of
2

stepping on cotton while walking, increased muscle tone, and
tendon hyperreflexia.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1. diagnosis of single-
segment TSS caused by OPLL made according to the patient’s
medical history, clinical manifestations and imaging findings;
2. dysfunction at and below the affected segment, with a
serious impact on quality of life; 3. persistence or progression
of symptoms during conservative treatment at regular
institutions; and 4. complete follow-up data.

The exclusion criteria were as follows: 1. TSS caused by a
tumor, infection, fracture or deformity of the spine; 2. history
of thoracic spine surgery or thoracic spine instability;
3. paraplegia or other underlying disease precluding surgery;
4. TSS of two or more segments or cervical or lumbar spine
disease; or 5. TSS was caused by intervertebral disc herniation
and ossification of the ligamentum flavum.

Preprocedural Imaging
Several imaging examinations were performed before the
operation. 1. Frontal and lateral X-rays of the thoracic spine
and double oblique X-rays were obtained, if
necessary. 2. Thin-slice computed tomography (CT) of
thoracic vertebral lesions was performed to determine the
position, extent, and severity of compression, as well as to
identify the presence of dural sac adhesion or ossification to
prepare for dural sac rupture and cerebrospinal fluid leakage
in advance. 3. Magnetic resonance imaging (MRI) of the
thoracic spine was performed to examine the compression site
for a high signal intensity on T2-weighted imaging (T2WI)
(13, 14) and to predict the clinical efficacy and prognosis.
Based on the clinical manifestations combined with the
preoperative imaging results, the surgical approach was
designed. The thickness, length and bypass distance of the
compression site were measured in advance, and an
individualized surgical plan was formulated for each patient.

Choice of Surgical Approach
The surgical approach was determined preoperatively based on
the CT and MRI findings of each patient. Patients with OPLL
that deviated to one side and did not extend beyond the
midline underwent surgery with a unilateral approach for
decompression. Patients who had OPLL that was central,
wide-based and extend beyond the midline underwent surgery
with a bilateral approach for decompression.
2022 | Volume 9 | Article 897182
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Surgical Procedure
The patient was placed such that the lesion was facing upward,
with pillows placed under the waist and armpits. Oxygen was
inhaled, and electrocardiography, blood pressure, and blood
oxygen saturation monitoring were performed. To relieve pain
and keep the patient awake, the anesthesiologist administered
dexmedetomidine (0.2–0.7 µg/kg/min) and sufentanil (0.1 μg/kg).
C-arm X-ray was used to locate the surgical segment. After
accurate positioning, the needle insertion point was marked
on the body’s surface, usually 5–8 cm lateral to the midline of
the spinous process. Lidocaine was infiltrated layer by layer to
establish anesthesia to the posterior aspect of the facet joint.
Under fluoroscopic guidance, an 18-gauge puncture needle
was inserted. After the guide wire was inserted, the puncture
needle was removed, and a skin incision of approximately
1 cm with the needle insertion point as the midpoint was
created. In turn, the dilation catheter was inserted along the
guide wire, which was placed close to the lateral edge of the
lamina or the bone at the facet joint, the endoscopic working
channel was inserted along the dilation catheter, and the
dilation catheter was pulled out. Fluoroscopy was performed
again to ensure correct positioning of the channel. The guide
wire was observed to be at an angle of 50° to 70° with respect
to the sagittal plane of the spine. The endoscope was then
inserted through the working channel, and blunt dissection of
the soft tissue at the facet joint was performed. The tissue was
FIGURE 1 | (A,B) Percutaneous puncture to the dorsal side of the facet joint, follo
longitudinal ligament by decompression using a power drill system, blue forceps a
of the meninges after the operation.
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separated along the lateral edge of the facet joint, the facet
joint and the upper edge of the pedicle of the lower vertebral
body were separated, and an external serrated trephine was
placed on the selected facet joint. After removing the lateral
edge of the tip of the inferior articular process, the exposed
articular cartilage could be observed; the cartilage was
circumscribed, the dorsal side of the superior articular process
was exposed, the superior articular process was trephined, and
the dorsal lateral edge of the ligamentum flavum or the
pedicle was exposed. Then, the dura mater and the intercostal
nerve root were separated from the ventral side, using an
inclined working cannula to protect the nerve root, and the
intervertebral disc and ossified posterior longitudinal ligament
were exposed. Biopsy forceps were used to cut the annulus
fibrosus. Then, the connection between the edge of the
ossified posterior longitudinal ligament and the posterior edge
of the vertebral body was severed, and the ossified posterior
longitudinal ligament was polished from the ventral side of
the posterior longitudinal ligament to a thin and translucent
state with a diamond drill; a nerve dissector was placed in the
space between the ossified posterior longitudinal ligament and
the dura and used to press toward the ventral side until the
ossified posterior longitudinal ligament was completely
removed (Figure 1). After the compressive material was
removed, the dural sac was inflated, good pulsation was
confirmed, and the nerve root was fully released. Postoperative
wed by insertion of a working cannula. (C–E) Removal of the ossified posterior
nd osteotome. (F) Complete removal of ossified tissue and full decompression
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radiofrequency coagulation was used to stop bleeding. The
working cannula was removed, and the incision was sutured
(Figure 2).
Postoperative Management
No drain was placed after the operation. The pillows were
removed for 8 h, and the patient was placed in a supine
position. The vital signs and sensory and motor conditions of
the limbs were closely observed. Patients were encouraged to
ambulate the day after surgery; wear thoracic and lumbar
supports for 3 months after surgery to facilitate wound repair;
and avoid prolonged sitting, bent-over weight-bearing, twisting
and other strenuous activities. Antibiotics were routinely
administered for 3 days. CT and MRI reexaminations were
performed 3 days after the operation.
TABLE 1 | Summary of the JOA scoring system for the assessment of thoracic
myelopathy.

Neurological status Score

Lower-limb motor dysfunction

No dysfunction 4

Lack of stability and smooth reciprocation of gait 3

Able to walk on flat floor with walking aid 2

Able to walk up/downstairs with handrail 1

Unable to walk 0

Lower-limb sensory deficit

No deficit 2

Mild sensory deficit 1

Severe sensory loss or pain 0

Trunk sensory deficit
Clinical Evaluation
The visual analog scale (VAS) pain score, Oswestry Disability
Index (ODI) and modified Japanese Orthopedic Association
(JOA) score (full score, 11 points) (Table 1) were used to
evaluate the patients preoperatively, 3 days after the operation
and at the final follow-up. After the evaluation was performed,
the JOA score improvement rate was calculated using the
following formula: RR = (postoperative score - preoperative
score)/(11 - preoperative score) × 100%. The JOA score
improvement rate was then classified as excellent (75%–100%),
good (50%–74%), effective (25%–49%), and no change or
deterioration (0%–24%) (15). Perioperative data, including the
operation time, intraoperative blood loss and postoperative
complications, were recorded.
No deficit 2

Mild sensory deficit 1

Severe sensory loss or pain 0

Sphincter dysfunction

No dysfunction 3

Minor difficulty in micturition 2

Marked difficulty in micturition 1

Unable to void 0
Statistical Analysis
Statistical analysis was performed using SPSS 21.0. Statistical
data conforming to a normal distribution are expressed as
�x+ s. The preoperative and postoperative ODIs were
analyzed by paired-samples t-test, and the VAS and JOA
scores were analyzed by rank-sum test. p < 0.05 was
considered statistically significant.
FIGURE 2 | Diagram of the surgical procedure. (A) The spinal cord is compresse
posterior longitudinal ligament through the facet joint approach. (D) The ossified p
the spinal cord was completely decompressed.
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RESULTS

All operations were successfully completed. Among the 15
patients, there were 6 males and 9 females; the age ranged
from 43 to 70 years, with an average of 56.7 ± 8.4 years. The
follow-up time ranged from 13–27 months, with an average
of 20.27 ± 3.87 months. The ventral spinal cord was
decompressed in all patients with the aid of spinal endoscopy.
Postoperative imaging showed full spinal decompression and
ossified posterior longitudinal ligament removal in all patients.
Twelve patients underwent surgery with a unilateral approach,
and 3 patients underwent surgery with a bilateral approach
(Figure 3).
d by the ossified posterior longitudinal ligament. (B,C) Removal of the ossified
osterior longitudinal ligament was completely removed and the ventral side of
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FIGURE 3 | A 46-year-old male with OPLL at T11-12. (A–D) Preoperative CT and MRI showed T11-12 posterior longitudinal ligament ossification and spinal cord
was compressed. (E–H) Postoperative CT and MRI showed that the ossified posterior longitudinal ligament was removed and the ventral side of the spinal cord was
completely decompressed. (I–L) The three-dimensional reconstruction of the CT images showed right side facet joint of T11-12 was resected (red arrow).

Li et al. Minimally Invasive, Endoscopy, TSS, OPLL
The mean operation time was 84.80 ± 13.23 min (range: 61–
105 min), and the mean intraoperative blood loss was 36.33 ±
7.41 mL (range: 20–50 mL). The mean hospitalization time
was 5.13 ± 1.02 days (range3–7 days) (Table 2).

The neurological symptoms of all patients improved after the
operation, and their pain was significantly relieved. There were
no cases of cerebrospinal fluid leakage, wound infection, or
symptom progression. The mean follow-up time was 20.27 ±
3.87 months (range: 13–27 months). The mean JOA scores of
patients improved from 5.53 ± 1.20 before the operation to
6.87 ± 1.31 after the operation and to 8.6 ± 1.25 at the last
follow-up, with an average JOA improvement rate of 56.5 ±
18.00% and a significant difference between the preoperative
and postoperative scores (Z = −3.437, p = 0.001). The JOA
score improvement rate classification at the last follow-up was
excellent in 3 cases, good in 8 cases, effective in 3 cases, and
no change in 1 case, for an effective rate of 93.33%. The VAS
score significantly improved from 6.67 ± 1.01 preoperatively to
3.47 ± 0.88 postoperatively and 1.73 ± 0.67 at the last follow-
up, with an improvement rate of 74.38 ± 7.71% (Z = −3.497, p
= 0.000). Additionally, the ODI significantly improved from
72.07 ± 6.08 preoperatively to 45.93 ± 5.01 postoperatively and
12.53 ± 2.33 at the last follow-up, with an improvement rate of
82.67 ± 2.38% (t = 46.398, p = 0.000) (Table 3).
Frontiers in Surgery | www.frontiersin.org 5
The ossified posterior longitudinal ligament was completely
removed in 13 patients, the dura was ruptured during the
operation in 2 patients (patients 5 and 10), and neck
discomfort occurred in 1 patient (patient 5), which was
considered to be caused by high fluid pressure. Spinal cord
hypertension was relieved by massage and by lowering the
height of the irrigation fluid. The neurological symptoms of
all patients improved after the operation, and their pain was
significantly relieved. There were no cases of cerebrospinal
fluid leakage, wound infection, or symptom progression.
DISCUSSION

The incidence of OPLL of the thoracic spine is low, at approximately
0%−1.9% (16), and it mainly occurs in the midthoracic region,
which is poorly vascularized. Severe irreversible damage to the
spinal cord can occur. Surgical removal of the ossified posterior
longitudinal ligament and decompression of the ventral side of the
spinal cord to restore spinal cord function are the main goals of
its treatment (17, 18). The indications for spinal endoscopic
technology are continuously expanding, and with this technology,
diseased tissue can be excised accurately under direct endoscopic
vision with relatively little damage to normal structures and
2022 | Volume 9 | Article 897182
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TABLE 3 | Preoperative and postoperative JOA, VAS and ODI scores.

NO JOA RR
(%)

VAS Improvement
rate (%)

ODI Improvement
rate (%)

Preop Postop Last Preop Postop Last Preop Post Last

1 4 4 5 14.29 8 5 3 62.50 84 56 18 78.57

2 6 7 8 40.00 7 4 2 71.43 80 47 13 83.75

3 6 8 10 80.00 7 3 2 71.43 78 50 15 80.77

4 8 8 9 33.33 4 3 1 75.00 60 42 11 81.67

5 7 8 10 75.00 5 2 1 80.00 65 38 10 84.62

6 6 7 9 60.00 7 3 2 71.43 70 48 12 82.86

7 6 8 9 60.00 7 4 2 71.43 72 50 14 80.56

8 6 8 9 60.00 6 4 1 83.33 69 48 10 85.51

9 6 7 8 40.00 7 3 1 85.71 74 40 9 87.84

10 5 7 8 50.00 6 4 2 66.67 70 47 12 82.86

11 5 6 9 66.67 7 3 1 85.71 66 41 13 80.30

12 6 8 10 80.00 7 4 2 71.43 72 46 12 83.33

13 3 4 7 50.00 8 5 3 62.50 78 53 16 79.49

14 4 6 9 71.43 7 2 1 85.71 68 40 11 83.82

15 5 7 9 66.67 7 3 2 71.43 75 43 12 84.00

p-
value

0.001 0.001 0.001 0.000 0.000 0.000

TABLE 2 | Patient characteristics and surgical outcomes.

NO Age
(years)

Sex Segment F-up
(months)

Approach Operation time
(min)

Blood loss
(mL)

Hospitalization time
(days)

Complication

1 47 M T9/10 13 Single 65 30 6 None

2 50 F T9/10 23 Single 76 40 5 None

3 57 F T8/9 19 Single 70 30 3 None

4 62 F T11/12 17 Single 74 40 5 None

5 68 F T4/5 20 Double 101 45 7 Dura rupture

6 46 M T11/12 25 Double 87 40 6 None

7 66 M T10/11 22 Single 86 35 4 None

8 43 M T8/9 18 Single 99 40 5 None

9 49 M T7/8 26 Single 90 35 4 None

10 63 F T10/11 22 Single 86 30 6 Dura rupture

11 51 F T10/11 17 Single 78 30 5 None

12 60 F T7/8 27 Single 96 35 6 None

13 70 M T5/6 19 Single 98 45 5 None

14 55 F T6/7 15 Double 105 50 6 None

15 64 F T11/12 21 Single 61 20 4 None

Li et al. Minimally Invasive, Endoscopy, TSS, OPLL
satisfactory clinical efficacy. Many scholars have begun to try
endoscopic-assisted retropleural approaches and transforaminal
approaches for ventral spinal cord decompression in the treatment
of TSS (19). In 2018, Ruetten et al. (20) first reported the
application of an endoscopic-assisted retropleural approach in the
treatment of TSS with ventral decompression of the thoracic
spinal canal in adult cadavers. The results from the cadaveric
study demonstrate that the transthoracic retropleural approach
can provide easy access to the lesion site and allow adequate
decompression of the prethoracic epidural space. This approach
was applied in nine patients to decompress the ventral side of the
Frontiers in Surgery | www.frontiersin.org 6
spinal cord; while one of the eight patients who completed follow-
up had a dural tear and two patients showed neurological
deterioration at different times, the condition of all patients
improved. Gao (21) and others described endoscopic-assisted
transforaminal decompression of the ventral spinal cord, with
improvements in the symptoms of all patients after surgery. The
concept of a “safety triangle” has also been proposed; operating
within the “safety triangle” can further improve the efficacy and
safety of surgery. Adequate decompression of the ventral side of
the spinal cord and reduced stimulation of the spinal cord are
keys to ensuring surgical efficacy and safety. In this study, the
2022 | Volume 9 | Article 897182
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clinical symptoms of the 15 patients were improved after surgery,
and the imaging results showed adequate decompression of the
spinal cord. The final JOA score of the patients was significantly
improved compared with the preoperative score, and the effective
rate was 93.33%. The final VAS score and ODI were significantly
lower than those before surgery, and these results are similar to
those of the other two surgical methods. However, the operative
time in this study was 84.80 ± 13.23 min (range: 61–105 min), the
mean intraoperative blood loss was 36.33 ± 7.41 mL (range: 20–
50 mL), and the mean hospital stay was 5.13 ± 1.02 days.
Compared with the traditional open surgery results reported by
Masahiko et al. (22), all variables showed great improvement with
this method. The follow-up results showed that the clinical
efficacy of the transfacet joint approach was the same as that of
the retropleural and transforaminal approaches and that
satisfactory outcomes could be achieved. Therefore, the transfacet
joint approach is safe and effective and can be used in the
treatment of TSS caused by ventral spinal cord compression.

The classic surgical method for decompression of the ventral
spinal cord in cases of compression caused by OPLL is the
“box resection” method, in which anterior decompression is
achieved without stimulating the spinal cord. However,
anatomically, the thoracic cavity is immediately adjacent to the
spinal canal, and the thoracic intervertebral foramen is largely
occupied by the intercostal nerves. Thus, the conventional
surgical approach for ventral spinal cord decompression may
cause complications, such as pneumothorax or intercostal nerve
stimulation or even injury, potentially affecting the surgical
operation and even the therapeutic efficacy (23). The thoracic
facet joint is located between the thoracic cavity and the spinal
canal. During the operation, the endoscopic channel was placed
on the dorsal side of the inferior articular facet, and then the
upper and lower facet joints were trephined to access the
ventral side of the spinal cord. There is a certain safe distance
from the thoracic cavity that was maintained throughout the
operation, and the intercostal nerve was basically not touched.
Therefore, the transfacet joint approach can largely avoid the
occurrence of such complications as those mentioned above.
Zhao et al. (24) performed ventral spinal cord decompression
in 14 patients through the transfacet joint approach. The only
intraoperative complication was a dural tear, and no other
complications, such as chest and nerve root injuries, occurred,
which is consistent with the findings of this study. During
decompression through the transfacet joint approach, part of
the lamina on the dorsal side of the spinal cord can be
removed first to achieve indirect decompression and further
ensure the safety of ventral decompression operations. With the
help of the 30° field of view of the spinal endoscope,
approximately 180° of decompression can be achieved on the
ventral side of the spinal cord; this scope of decompression is
comparable to that of the transforaminal approach.

Intraoperative dural rupture has long been a common
complication of spinal surgery. Cho et al. (25) reported that the
incidence of cerebrospinal fluid leakage due to dural rupture is
as high as 37.7%. The incidence of dural rupture is related to
dural ossification. Yu et al. (26) reported that the incidence of
cerebrospinal fluid leakage was 63.6% and 3.5% in those with
Frontiers in Surgery | www.frontiersin.org 7
and without dural ossification, respectively, and that gelatin foam
can be applied for dural rupture repair during the operation.
The dural rupture rate in the present study was 13.3%, which is
similar to that reported in the literature and may be due to the
small sample size of our study. It is also possible that our use of
a drill to fully remove the ossified tissue by grinding contributed
to this result. Mazur (27) and others believe that although direct
dural repair is the preferred treatment for cerebrospinal fluid
leakage, conservative measures are also feasible when the dura
cannot be directly repaired. Due to their small size, dural
ruptures that occur during endoscopic surgery are difficult to
repair. Therefore, in patients with a dural rupture, we applied a
dural repair material or gelatin foam and did not place a
drainage tube after surgery; no symptoms of low intracranial
pressure (such as headache and vomiting) were observed.

Endoscopic-assisted ventral decompression of the thoracic
spinal cord has high risks and is difficult, and reducing
surgical complications and improving surgical efficacy remain
continuous pursuits. Therefore, many new technologies
continue to be applied in surgery. In 2019, Zhang et al. (28)
applied a new flexible burr system under endoscopy to treat
11 patients with calcified thoracic disc herniation, and no
postoperative complications were observed. Alcachupas (29)
described the use of a 3D intraoperative imaging system in
surgery for patients with thoracic disc herniation. New
technologies, such as intraoperative ultrasound technology,
have also been used (30). The use of visualization technologies
and other new technologies in the treatment of TSS
overcomes the limitations of thoracic spinal surgery, improves
surgical safety while improving surgical efficacy, and facilitates
ventral thoracic spinal cord decompression by decreasing the
difficulty and complexity of the involved surgical procedures.
CONCLUSION

The classic surgical method for ventral spinal cord decompression in
cases of compression caused by OPLL is the “box resection”method,
in which anterior decompression is achieved without stimulating the
spinal cord. The new minimally invasive procedure for resecting the
OPLL described herein yielded excellent postoperative outcomes
with few complications, demonstrating its safety and effectiveness.
However, the sample size of this study was small, the follow-up
time was short, and the long-term efficacy of the method requires
verification by long-term follow-up observation.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the First Affiliated Hospital
of Zhengzhou University. Written informed consent for
2022 | Volume 9 | Article 897182

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Li et al. Minimally Invasive, Endoscopy, TSS, OPLL
participation was not required for this study in accordance with
the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS

XL and HH performed the statistical analyses and drafted the
manuscript. ZZ revised the manuscript. YL collected the data.
Frontiers in Surgery | www.frontiersin.org 8
GW, XC and YX carried out the studies and revised the
manuscript. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

The authors thank Houji Huang for the preparation of figures.
REFERENCES

1. Aizawa T, Sato T, Sasaki H, Matsumoto F, Morozumi N, Kusakabe T, et al. Results
of surgical treatment for thoracic myelopathy: Minimum 2-year follow-up study in
132 patients. J Neurosurg Spine. (2007) 7:13–20. doi: 10.3171/SPI-07/07/013

2. Garry JP. A rare case of thoracic spinal stenosis in a white male. Curr Sports
Med Rep. (2018) 17:13–5. doi: 10.1249/JSR.0000000000000440

3. Li Z, Ren D, Zhao Y, Hou S, Li L, Yu S, et al. Clinical characteristics and
surgical outcome of thoracic myelopathy caused by ossification of the
ligamentum flavum: a retrospective analysis of 85 cases. Spinal Cord.
(2016) 54:188–96. doi: 10.1038/sc.2015.139

4. Yu S, Wu D, Li F, Hou T. Surgical results and prognostic factors for thoracic
myelopathy caused by ossification of ligamentum flavum: posterior surgery
by laminectomy. Acta Neurochir (Wien). (2013) 155:1169–77. doi: 10.1007/
s00701-013-1694-0

5. Matsuyama Y, Yoshihara H, Tsuji T, Sakai Y, Yukawa Y, Nakamura H, et al.
Surgical outcome of ossification of the posterior longitudinal ligament (OPLL) of
the thoracic spine: implication of the type of ossification and surgical options.
J SpinalDisordTech. (2005) 18:492–7, 498. doi: 10.1097/01.bsd.0000155033.63557.9c

6. Mori K, Imai S, Kasahara T, Nishizawa K, Mimura T, Matsusue Y. Prevalence,
distribution, and morphology of thoracic ossification of the posterior
longitudinal ligament in Japanese: results of CT-based cross-sectional study.
Spine (Phila Pa 1976). (2014) 39:394–9. doi: 10.1097/BRS.0000000000000153

7. Ohtsuka K, Terayama K, Yanagihara M, Wada K, Kasuga K, Machida T, et al. An
epidemiological survey on ossification of ligaments in the cervical and thoracic
spine in individuals over 50 years of age. Nihon Seikeigeka Gakkai Zasshi.
(1986) 60:1087–98. Available online at: https://pubmed.ncbi.nlm.nih.gov/3102653/

8. Ono M, Russell WJ, Kudo S, Kuroiwa Y, Takamori M, Motomura S, et al.
Ossification of the thoracic posterior longitudinal ligament in a fixed
population. Radiological and neurological manifestations. Radiology. (1982)
143:469–74. doi: 10.1148/radiology.143.2.7071349

9. He B, Yan L, Xu Z, Guo H, Liu T, Hao D. Treatment strategies for the
surgical complications of thoracic spinal stenosis: a retrospective analysis of
two hundred and eighty three cases. Int Orthop. (2014) 38:117–22. doi: 10.
1007/s00264-013-2103-2

10. Tzaan WC. Anterior percutaneous endoscopic cervical discectomy for cervical
intervertebral disc herniation: outcome, complications, and technique. J Spinal
Disord Tech. (2011) 24:421–31. doi: 10.1097/BSD.0b013e31820ef328

11. Xie P, Feng F, Chen Z, He L, Yang B, Chen R, et al. Percutaneous transforaminal
full endoscopic decompression for the treatment of lumbar spinal stenosis. BMC
Musculoskelet Disord. (2020) 21:546. doi: 10.1186/s12891-020-03566-x

12. An B, Li XC, Zhou CP, Wang BS, Gao HR, Ma HJ, et al. Percutaneous full
endoscopic posterior decompression of thoracic myelopathy caused by
ossification of the ligamentum flavum. Eur Spine J. (2019) 28:492–501.
doi: 10.1007/s00586-018-05866-2

13. Li X, An B, Gao H, Zhou C, Zhao X, Ma H, et al. Surgical results and prognostic
factors following percutaneous full endoscopic posterior decompression for
thoracic myelopathy caused by ossification of the ligamentum flavum. Sci Rep.
(2020) 10:1305. doi: 10.1038/s41598-020-58198-x

14. Fan W, Zhou T, Li J, Sun Y, Gu Y. Freehand minimally invasive pedicle screw
fixation and minimally invasive decompression for a thoracic or lumbar
vertebral metastatic tumor from hepatocellular carcinoma. Front Surg.
(2021) 8:723943. doi: 10.3389/fsurg.2021.723943

15. Feng F, Sun C, Chen Z. A diagnostic study of thoracic myelopathy due to
ossification of ligamentum flavum. Eur Spine J. (2015) 24:947–54. doi: 10.
1007/s00586-015-3818-0
16. Chen G, Fan T, Yang X, Sun C, Fan D, Chen Z. The prevalence and clinical
characteristics of thoracic spinal stenosis: a systematic review. Eur Spine J.
(2020) 29:2164–72. doi: 10.1007/s00586-020-06520-6

17. Palumbo MA, Hilibrand AS, Hart RA, Bohlman HH. Surgical treatment of
thoracic spinal stenosis: a 2- to 9-year follow-up. Spine (Phila Pa 1976).
(2001) 26:558–66. doi: 10.1097/00007632-200103010-00021

18. Shiokawa K, Hanakita J, Suwa H, Saiki M, Oda M, Kajiwara M. Clinical
analysis and prognostic study of ossified ligamentum flavum of the thoracic
spine. J Neurosurg. (2001) 94:221–6. doi: 10.3171/spi.2001.94.2.0221

19. Ruetten S, Hahn P, Oezdemir S, Baraliakos X, Merk H, Godolias G, et al.
Full-endoscopic uniportal decompression in disc herniations and stenosis
of the thoracic spine using the interlaminar, extraforaminal, or
transthoracic retropleural approach. J Neurosurg Spine. (2018) 29:157–68.
doi: 10.3171/2017.12.SPINE171096

20. Ruetten S, Hahn P, Oezdemir S, Baraliakos X, Godolias G, Komp M.
Decompression of the anterior thoracic spinal canal using a novel full-endoscopic
uniportal transthoracic retropleural technique-an anatomical feasibility study in
human cadavers. Clin Anat. (2018) 31:716–23. doi: 10.1002/ca.23075

21. Gao S, Wei J, Li W, Zhang L, Cao C, Zhai J, et al. Full-Endoscopic
transforaminal ventral decompression for symptomatic thoracic disc
herniation with or without calcification: technical notes and case series.
Pain Res Manag. (2021) 2021:6454760. doi: 10.1155/2021/6454760

22. Takahata M, Ito M, Abumi K, Kotani Y, Sudo H, Minami A. Clinical
results and complications of circumferential spinal cord decompression
through a single posterior approach for thoracic myelopathy caused by
ossification of posterior longitudinal ligament. Spine (Phila Pa 1976).
(2008) 33:1199–208. doi: 10.1097/BRS.0b013e3181714515

23. Yoshihara H, Yoneoka D. Comparison of in-hospital morbidity and
mortality rates between anterior and nonanterior approach procedures for
thoracic disc herniation. Spine (Phila Pa 1976). (2014) 39:E728–33. doi: 10.
1097/BRS.0000000000000322

24. Xiaobing Z, Xingchen L, Honggang Z, Xiaoqiang C, Qidong Y, Haijun M, et al.
“U” route transforaminal percutaneous endoscopic thoracic discectomy as a
new treatment for thoracic spinal stenosis. Int Orthop. (2019) 43:825–32.
doi: 10.1007/s00264-018-4145-y

25. Cho JY, Chan CK, Lee SH, Choi WC, Maeng DH, Lee HY.
Management of cerebrospinal fluid leakage after anterior decompression
for ossification of posterior longitudinal ligament in the thoracic spine: the
utilization of a volume-controlled pseudomeningocele. J Spinal Disord
Tech. (2012) 25:E93–102. doi: 10.1097/BSD.0b013e318246b89a

26. Fengbin Y, Xinyuan L, Xiaowei L, XinweiW,Deyu C.Management and outcomes of
cerebrospinalfluid leakassociatedwithanteriordecompression forcervicalossification
of the posterior longitudinal ligament with or without dural ossification.
J Spinal Disord Tech. (2015) 28:389–93. doi: 10.1097/BSD.0000000000000031

27. Mazur M, Jost GF, Schmidt MH, Bisson EF. Management of cerebrospinal
fluid leaks after anterior decompression for ossification of the posterior
longitudinal ligament: a review of the literature. Neurosurg Focus. (2011)
30:E13. doi: 10.3171/2010.12.FOCUS10255

28. Zhang LM, Lv WY, Cheng G, Wang DY, Zhang JN, Zhang XF. Percutaneous
endoscopic decompression for calcified thoracic disc herniation using a novel
T rigid bendable burr. Br J Neurosurg. (2019) 1–3. doi: 10.1080/02688697.
2018.1557593, [Epub ahead of print]

29. Alcachupas A, Srikandarajah N, Carleton-Bland N, Clark S. Anterolateral
thoracic approach for thoracic discectomy using pedicle marking and 3D
intraoperative imaging system. Br J Neurosurg. (2021) 1–3. doi: 10.1080/
02688697.2021.2006142. [Epub ahead of print]
2022 | Volume 9 | Article 897182

https://doi.org/10.3171/SPI-07/07/013
https://doi.org/10.1249/JSR.0000000000000440
https://doi.org/10.1038/sc.2015.139
https://doi.org/10.1007/s00701-013-1694-0
https://doi.org/10.1007/s00701-013-1694-0
https://doi.org/10.1097/01.bsd.0000155033.63557.9c
https://doi.org/10.1097/BRS.0000000000000153
https://pubmed.ncbi.nlm.nih.gov/3102653/
https://doi.org/10.1148/radiology.143.2.7071349
https://doi.org/10.1007/s00264-013-2103-2
https://doi.org/10.1007/s00264-013-2103-2
https://doi.org/10.1097/BSD.0b013e31820ef328
https://doi.org/10.1186/s12891-020-03566-x
https://doi.org/10.1007/s00586-018-05866-2
https://doi.org/10.1038/s41598-020-58198-x
https://doi.org/10.3389/fsurg.2021.723943
https://doi.org/10.1007/s00586-015-3818-0
https://doi.org/10.1007/s00586-015-3818-0
https://doi.org/10.1007/s00586-020-06520-6
https://doi.org/10.1097/00007632-200103010-00021
https://doi.org/10.3171/spi.2001.94.2.0221
https://doi.org/10.3171/2017.12.SPINE171096
https://doi.org/10.1002/ca.23075
https://doi.org/10.1155/2021/6454760
https://doi.org/10.1097/BRS.0b013e3181714515
https://doi.org/10.1097/BRS.0000000000000322
https://doi.org/10.1097/BRS.0000000000000322
https://doi.org/10.1007/s00264-018-4145-y
https://doi.org/10.1097/BSD.0b013e318246b89a
https://doi.org/10.1097/BSD.0000000000000031
https://doi.org/10.3171/2010.12.FOCUS10255
https://doi.org/10.1080/02688697.2018.1557593
https://doi.org/10.1080/02688697.2018.1557593
https://doi.org/10.1080/02688697.2021.2006142
https://doi.org/10.1080/02688697.2021.2006142
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Li et al. Minimally Invasive, Endoscopy, TSS, OPLL
30. Wessell A, Mushlin H, Fleming C, Lewis E, Sansur C. Thoracic discectomy
through a unilateral transpedicular or costotransversectomy approach with
intraoperative ultrasound guidance. Oper Neurosurg (Hagerstown). (2019)
17:332–7. doi: 10.1093/ons/opy348

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
Frontiers in Surgery | www.frontiersin.org 9
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Huang, Zheng, Liu, Wei, Chen and Xu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
2022 | Volume 9 | Article 897182

https://doi.org/10.1093/ons/opy348
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org

	Clinical Efficacy of Endoscopic-Assisted Resection of Single-Segment Ossification of the Posterior Longitudinal Ligament in the Treatment of Thoracic Spinal Stenosis
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Inclusion and Exclusion Criteria
	Preprocedural Imaging
	Choice of Surgical Approach
	Surgical Procedure
	Postoperative Management
	Clinical Evaluation
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	AUTHOR CONTRIBUTIONS
	The authors thank Houji Huang for the preparation of figures.
	REFERENCES


