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Background: Conventional open laminectomy is considered to be the standard procedure for
the treatment of thoracic ossified ligamentum flavum, but multi-segment thoracic laminectomy
extensively removes the facet joints and ligamentous tissue, destroying the thoracic spine
biomechanics and stability, may lead to delayed thoracic spine kyphosis deformities, which in turn
can lead to potential neurological deterioration and local intractable pain.

Objective: To introduce the technical notes and clinical outcome of ultrasonic osteotome assisted
full-endoscopic en block resection of thoracic ossified ligamentum flavum.

Study Design: A prospective cohort study.
Setting: Hospital and outpatient surgery center.

Methods: From January 2017 to March 2018, 15 patients with 1 — 2 segment thoracic ossified
ligamentum flavum were treated with ultrasonic osteotome assisted full-endoscopic en block
resection of thoracic ossified ligamentum flavum under local anesthesia. The magnetic resonance
imaging and computed tomography of the thoracic spine was reexamined after the operation to
evaluate the completeness of ossified ligamentum flavum resection and spinal cord decompression.
The patients were followed up on the visual analog scale of back pain and radicular pain, Nurick
score and mJOA score of neurological function, and Oswestry Disability Index at 1 week, 3 months,
6 months, one year, and 2 years after operation.

Results: All operations of 17 segments thoracic ossified ligamentum flavum in 15 patients
were successfully completed without intraoperative conversion to open surgery. There were
no intraoperative spinal cord injuries, dura tears, postoperative cerebrospinal fluid leakage,
postoperative infections, and postoperative spinal cord injury aggravated symptoms. Postoperative
thoracic spine magnetic resonance imaging and computed tomography examinations of all
patients showed that the spinal cord was fully decompressed without any residual pressure. Back
pain and radicular pain were relieved significantly, and spinal cord function (Nurick, mJOA, and
Oswestry Disability Index scores) was obviously restored. The mJOA recovery rate at the 2-year
follow-up was 78.3% in average.

Limitations: This is an observational cohort study with relative small sample and short-term
follow-up.

Conclusions: Ultrasonic assisted full-endoscopic en block resection of ossified ligamentum
flavum is a safe and effective minimally invasive spine surgery for thoracic myelography caused by
thoracic ossified ligamentum flavum.

Key words: Thoracic myelopathy, ossified ligamentum flavum, full-endoscopic decompression,
ultrasonic osteotome, minimally invasive surgery
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onventional open laminectomy is considered to

be the standard procedure for the treatment of

horacic ossified ligamentum flavum (TOLF) (1-
6), but multi-segment thoracic laminectomy extensively
removesthe facetjointsand ligamentoustissue, destroying
the thoracic spine biomechanics and stability, may lead to
delayed thoracic spine kyphosis deformities (4,7,8), which
in turn lead to potential neurological deterioration and
local intractable pain, so more and more doctors tend
to use assisted pedicle screw system fixation and fusion
surgery (4,9). For 1 — 2 segments of TOLF, some doctors
began to use minimally invasive spinal surgery to achieve
good results. Using an expandable tubular retractor,
combined with a microscope or microendoscopic device,
through continuous re-adjustment during surgery, tilting
and manipulating the tubular retractor and microscope,
extensive exposure of the spinal canal can be achieved
while avoiding excessive destruction of facet joints is
beneficial to segmental stability of the surgical site and
avoids assisted fixation and fusion surgery (10-12). Full-
endoscopic TOLF resection has also been reported in
small numbers (13-17). Because the full-endoscopic
surgical equipment and techniques better integrate the
key elements of surgery, including the illumination of
the surgical field, the visualization of the field of vision
and the precise operation of the surgical instruments,
so the use of this technique will further minimize the
iatrogenic injuries in the surgery of TOLF resection
(13,18). The currently reported full-endoscopic thoracic
spinal canal decompression techniques mostly use high-
speed burr or manual bone cutting tools such as trephine,
Kerrison rongeur, etc. to encroach on TOLF, which often
directly produces spinal cord compression in the most
severe parts. The mechanical stimulation of the spinal
cord may lead to aggravated spinal cord injury; it may
also cause incomplete resection of the TOLF, resulting
in insufficient decompression of the spinal cord, which
will affect the recovery of the spinal cord function after
surgery (14,16,17). Ultrasound osteotome is the safest
bone cutting tool. During operation, it does not rotate,
bounce, or roll, does not entangle the surrounding soft
tissue, and the bone structure is selectively removed
without injury to surrounding nerve tissue (19-22). Li et
al (23) have reported full-endoscopic use of ultrasonic
osteotome for thoracic hard discectomy, and excellent
safety and surgical outcomes have been obtained. For
TOLF, we used full-endoscopic ultrasonic osteotome to
perform en block resection of TOLF, which guarantees
the safety and thoroughness of TOLF resection under
full-endoscope. This study will detail the technical note

of ultrasonic osteotome assisted full-endoscopic en block
resection of TOLF and the results of the 2-year follow-up.

METHODS

Patients

Fifteen patients who met the inclusion criteria
were treated with full-endoscopic en block resection
of TOLF between January 2017 and March 2018 in our
department.

Inclusion criteria: 1) symptoms, signs, and imaging
findings are completely consistent; 2) preoperative
computed tomography (CT) shows 1 — 2 segments of
TOLF; 3) preoperative CT do not show signs of dura os-
sification, such as tram track signs, comma signs (24),
cowin signs (25), etc.; 4) unilateral or bilateral OLF.

Exclusion criteria: 1) symptoms, signs, and imag-
ing findings are inconsistent; 2) preoperative CT scan
showed signs of dura ossification; 3) more than 2 seg-
ments of multi-segment TOLF; 4) skin and soft tissue in-
fections in the surgical area; 5) uncorrected coagulopa-
thy; 6) hearing or mental disorders not allowing the
patient to effectively communicate with the surgeon
and maintain stable position; 7) unable to maintain the
prone position to the end of surgery.

Interventions

Approval to conduct the study was granted by
the Ethics Committees of The Fourth Medical Center
of Chinese PLA General Hospital. Institutional Review
Board approved, informed consent and protocols were
provided to all the patients, which described details
of the surgery including the mechanism of treatment,
predictive outcome, potential risks, and side effects.

Surgical Procedures

A patient with T10-11 fused type (Sato classifica-
tion (26,27)) bilateral TOLF (Fig. 1) was selected as an
example to introduce the technical notes of full-endo-
scopic en block resection of bilateral TOLF through a
unilateral interlaminar approach (Fig. 2).

The patient was placed in a prone position. G-arm
x-ray fluoroscopy was used to determine the lesion seg-
ment, and the needle insertion point and the puncture
direction were determined according to the preopera-
tive surgical plan. Local anesthesia (0.5% lidocaine) was
used. Percutaneous puncture under the G-arm x-ray
fluoroscopy monitoring to the left dorsal side of the
T10 lamina was performed and then the soft tissue dila-
tor and working sheath was inserted. A full-endoscopic
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high-speed burr was used
to quickly remove the base
of T10 spinous process, the
gap between the base of
the spinous process and
OLF was exposed (Fig.
3A). Full-endoscopic high-
speed burr and ultrasonic
osteotome (XD880A Ultra-
sonic Osteotomy Surgical
System, SMTP Technology
Co., Ltd. China) were used
to remove the lower part
of the left T10 lamina. The
level of the lower edge of
the T10 pedicle should be
reached on the cephalad
side, the lateral part of the
inferior articular process
should be maintained on
the lateral side. The medial
edge of the superior artic-
ular process of T11 and the
OLF were then exposed;
the medial half of the left
superior articular process
of T11 was removed, and
the OLF in the left inter-
vertebral foramen was

exposed. A full-endoscopic
high-speed burr was used
to separate the bilateral
OLF along the posterior
median line of the fused
OLF longitudinally, and

from dorsal aspect.

Fig. 1. Preoperative CT and MRI. A. Axial CT scan showed fused type TOLF ( Sato
classification) at T10-11 level. B. Sagittal CT showed TOLF at T10-11 level severely
compression on the spinal cord. C. Axial T2 weighted MRI showed dorsal compression of TOLF
on the spinal cord. D. Sagittal FSI T2 weighted MRI showed compressed spinal cord by TOLF

dissection between the
OLF and deep dura sac was performed with the hook-
tip nerve dissector (Fig. 3B). Under full-endoscopic
monitoring, the ventral bone of the T10 right lamina was
removed with an ultrasonic osteotome, and the decom-
pression buffer space was created on the dorsal side of
the right OLF. In this space, the connection of the OLF to
the cephalic, caudal, and lateral edges was sequentially
cut off (Fig. 3C), so that the right OLF was separated from
the surrounding bony structure. The nerve dissector was
used to push the OLF backwards to the buffer space, ex-
posing the interval space between the OLF and the deep
dura sac, and the tip flexible radiofrequency was used to
separate the possible adhesion between the OLF and un-
derlying dura sac (Fig. 3D). The rongeur was used to hold

the OLF and take it out, and the radiofrequency was used
to achieve complete hemostasis. The full-endoscopic cut
off the bony attachment between the left OLF and the
surrounding bone structure in the cephalic, caudal, and
lateral sides (Fig. 3E). The left OLF and the deep dura sac
were separated by a hook-tip nerve dissector and the left
OLF was pulled back (Fig. 3F), bitten with a Kerrison, and
removed. Exploration of the thoroughness of the dorsal
decompression of the bilateral spinal cord and observa-
tion of the free pulsation of the dura sac in the perfused
saline was achieved (Fig. 3G). The working sheath and
endoscope were withdrawn and the surgical incision was
sutured intradermally.

The above-mentioned surgical technique was ac-
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Fig. 2. Surgical planning. A. Planning the surgical incision and surgical path. B. Planning the sequence and process of thoracic
spinal decompression. 1-base of spinous process and ipsilateral lamina; 2-ipsilateral inferior articular process; 3-ipsilateral
superior articular process; 4-middle fused OLF'; 5-contralateral back space dorsal to OLF'; 6-contralateral OLF'; 7-ipsilateral
OLF.

Fig. 3. Ultrasonic osteotome assisted full-endoscopic en block resection of bilateral OLF through unilateral interlaminar
approach. A. Full-endoscopic exposure of middle fused OLF. B. Dissection between bilateral OLF and deep dura sac with the
hook-tip nerve dissector. C. Connection of the contralateral OLF' to the caudal lamina was cut off with ultrasonic osteotome.

D. Separation the possible adhesion between the contralateral OLF and underlying dura sac with tip flexible radiofrequency. E.
Full-endoscopic cut off the bony attachment between the ipsilateral OLF and the cephalic lamina with ultrasonic osteotome. F.
The ipsilateral OLF was separated from the deep dura sac by hook-tip nerve dissector and pulled back. G. Full-endoscopic view
of fully decompressed dura. H. En block resected bilateral OLF. The orientation of the endoscopic field of view: upper-right;
lower-left; lefi-cephalad; right-caudal.
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tually a combination of full-endoscopic laminotomy
(fenestration) through the ipsilateral interlaminar
approach and full-endoscopic undercutting OLF re-
section via the contralateral interlaminar approach.
These 2 basic techniques can be used to treat various
types of TOLF through individualized combination.
For unilateral TOLF, if there is no intervertebral fora-
men stenosis caused by lateral type TOLF, either of
the 2 basic techniques can be chosen; but if inter-
vertebral foramen stenosis is combined, it is best to
use the contralateral interlaminar approach for the
undercutting resection technique to remove the in-
tracanal TOLF and lateral type TOLF in the interverte-
bral foramen with the facet joints protected to avoid
postoperative instability. For bilateral intracanal
TOLF, bilateral laminotomy via a bilateral interlaminar
approach or bilateral spinal decompression through
an either side unilateral interlaminar approach can
be chosen. For those who have bilateral intracanal
TOLF combined with unilateral foraminal stenosis,
choose the bilateral spinal decompression technique
through the unilateral interlaminar approach con-
tralateral to the side of the foraminal stenosis; for
bilateral intracanal TOLF with bilateral foraminal ste-
nosis, bilateral undercutting decompression through
the bilateral contralateral interlaminar approach can
be chosen.

Outcome Assessment

Thoracic magnetic resonance imaging (MRI) and
CT on the second postoperative day was re-examined
to assess the adequacy of spinal cord decompression,
and 3 months postoperative thoracic MRl was used
to further evaluate the adequacy of spinal canal de-
compression and the expansion of the dura sac (Figs.
4, 5).

The patients were followed up at 1 week, 3 months,
6 months, one year, and 2 years for pain symptom re-
lief and nerve function recovery. Visual analog scale
(VAS) was used to evaluate back pain and radicular
pain, Nurick score (28) and modified Japan Orthopedics
Association (mJOA) score (29) were used to evaluate
neurological function, Oswestry Disability Index (ODI)
(30) was used for function evaluation of the thoracic
spine. The calculation method of mJOA recovery rate
(RR) at 2-year postoperative follow-up is as follows: RR
= (postoperative mJOA -preoperative mJOA) / (11-pre-
operative mJOA) x100% (29).

Statistical Analysis

SPSS 26 software (SPSS Inc., Chicago, IL) was used
for statistical analysis. One-way analysis of variance
(ANOVA) was performed on VAS scores of back pain
and radicular pain, Nurick score, mJOA score, and ODI
scores before surgery, 2 days, 3 months, 6 months, 1

Fig. 4. CT examination on the second postoperative day showed that the OLF in the spinal canal was completely removed. A.
Postoperative axial CT scan. B. Preoperative 3D reconstruction CT. C. Postoperative 3D reconstruction CT.
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level, one segment at T8-9 level, and one segment
at T3-4 level. Sato classification of the thoracic OLF
included one segment of lateral type + extended
type, 2 segments of lateral type + enlarged type, one
segment of lateral type + fused type, one segment
of extended type, 8 segments of enlarged type, 4
segments of fused type, 4 segments of unilateral
OLF, and 13 segments of bilateral OLF.

Postoperative Outcome

All operations were successfully completed un-
der local anesthesia, and no intraoperative conver-
sion to open surgery occurred. The 4 segments of
unilateral OLF were full-endoscopic en block resected
though the contralateral interlaminar approach
(Fig. 6). Twelve segments of bilateral OLF were full-
endoscopic bilateral en block resected through the
unilateral interlaminar approach. The remaining
one segment of bilateral OLF (fused type + bilateral
lateral type) was full-endoscopic bilateral en block
resected through bilateral contralateral interlaminar
approaches (Fig. 7). The operation time was 45 — 180
minutes (average 112.7 minutes), and the intraopera-
tive blood loss (the amount of drainage fluid minus

Fig. 5. MRI examination on the second day and 3 months after
operation showed that the spinal cord was fully decompressed and
the dura sac was completely inflated. A-B. 3 months postoperative
MRI. C-D. The second day postoperative MRI.

the amount of perfused saline) was 15 — 48 mL (aver-
age 24.9 mL). Postoperative thoracic spine MRI and
CT examinations of all patients showed that the spi-
nal cord was fully decompressed without any residual
pressure. Back pain and radicular pain were relieved

year, and 2 years after surgery. Multiple comparisons
at different time points were performed using the LSD
test. A P < 0.05 was considered statistically significant.

REesuLts

Patient’s Demographic Characteristics

A total of 15 patients with 17 segments of thoracic
OLF were included in this study, aged 44 — 78 years (av-
erage 56.3 years). There were 11 men and 4 women.
The preoperative symptom duration was 2 months to
5 years (average 18.1 months). All patients showed
symptoms of thoracic myelopathy, and 8 patients had
symptoms of radiculopathy. Preoperative comorbidities
included 8 cases of hypertension, 3 cases of diabetes,
one case of liver cirrhosis, one case of cardiac function
insufficiency, and one case of pulmonary function insuf-
ficiency. Lesion segments included: 4 segments at T11-
12 level, 7 segments at T10-11 level, 4 segments at T9-10

significantly, and spinal cord function was obviously

restored. There were no intraoperative spinal cord in-
juries, dura tears, postoperative cerebrospinal fluid leak-
age, postoperative infections, and postoperative spinal
cord injury aggravated symptoms. Complete follow-up
data were obtained in all 15 cases (Table 1). The results
of all postoperative indices were significantly improved
compared with those before surgery, and the difference
was statistically significant (P < 0.05). Although the VAS
scores of back pain and radicular pain at different time
points have been further improved, the difference is not
statistically significant (P > 0.05); however, spinal cord
function can be further significantly improved over time
within one year after operation. Nurick, mJOA, and ODI
scores at one-year follow-up were significantly improved
compared with the results at one week and 3 months af-
ter surgery (P < 0.05), but the results of the 2-year follow-
up compared to the results at one-year follow-up were
not significantly further improved (P > 0.05). The mJOA
recovery rate at the 2-year follow-up was 33.3% — 100%,
with an average of 78.3%.
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Discussion

The natural course and prog-
nosis of TOLF remain unclear,
and patients with myelopathy
have achieved good results with
operation treatment. The dura-
tion of preoperative symptoms
and the preoperative severity of
myelopathy have been shown to
be important factors influencing
prognosis. Therefore, it is neces-
sary to select the appropriate sur-
gical timing and surgical methods
to treat the thoracic TOLF (3). The
RR of mJOA at the 2-year follow-
up of 15 patients in this study was
as high as 78.3%, which may be
related to the preoperative fac-
tors such as the short duration of
symptoms (average 18.1 months),
relatively mild myelopathy (Nurick
score less than or equal to 4), and
the relatively low severity of TOLF
compression of the spinal cord on
imaging (without dura ossification

and tuberous type of TOLF). The
use of ultrasound osteotome assist-
ed full-endoscopic TOLF en block
resection technique under local
anesthesia was another important

Fig. 6. Unilateral lateral and extended type (Sato classification) OLF resected through
contralateral interlaminar approach (red arrow). A. Preoperative axial CT. B.
Preoperative sagittal CT along right intervertebral foramen showed T8-9 foraminal
stenosis. C. Postoperative axial CT showed complete removal of OLF. D. Postoperative
sagittal CT showed T8-9 foraminal decompression.

reason patients obtained excellent

postoperative clinical outcomes
and imaging results.

Dural ossification is often seen in the fused and tu-
berous types cases according to Sato classification, the
spinal cord is severely compressed, difficult to treat un-
der full-endoscopic surgery, prone to increased spinal
cord injury, postoperative cerebrospinal fluid leakage
and other complications (24,25,31), so we recommend
conventional open surgery performed to remove the
ossified dura mater and OLF, and so OLF combined with
dura ossification was included in the contraindication
of full-endoscopic TOLF resection.

The surgical technique for decompression of tho-
racic myelopathy caused by TOLF is highly demanding
(32). According to reports, the rate of neurological de-
terioration after conventional surgery is as high as 8.4%
(33). The most severe site of spinal stenosis caused by
TOLF is often in the middle level of the facet joint (34).
Wang et al (35) found that in the OLF-induced thoracic

spondylosis, the most severe stenosis level of the OLF
apex is at the level 2.7 mm above the disc level. This
part of the OLF tightly compresses the spinal cord, so
this level is a key part of surgical decompression. There-
fore, Wang et al (35) emphasized the en bloc posterior
elevation and resection of OLF plaque with lamina at
this level. Any surgical instrument within spinal canal
at this level may be associated with an increased risk
of irreversible spinal cord injury. For full-endoscopic
thoracic decompression, our surgical technique, based
on the French-door laminectomy, also emphasizes the
en bloc posterior elevation and resection of the OLF at
the most severe stenosis levels.

The conventional bone-cutting tools such as high-
speed drills and rotating burrs carry a risk of durotomy
and neural injury with inappropriate handling (16,36).
The ultrasonic osteotome is a new full-endoscopic bone-
cutting tool (23). The ultrasonic osteotome utilizes a back

www.painphysicianjournal.com

E245



Pain Physician: March/April 2021 24:E239-E248

Fig. 7. Bilateral fused type (Sato classification) OLF with bilateral foraminal stenosts resected through bilateral contralateral
approaches (red arrows). A. Preoperative axial CT. B. Preoperative 3D reconstruction CT. C. Postoperative axial CT showed
complete removal of OLF and bilateral foraminal decompression. D. Postoperative 3D reconstruction CT showed complete

removal of bilateral OLF.

Table 1. Changes of the quanititative indices at various time points after full-endoscopic en block resection of OLF (mean % standard

deviation).
Indices Preoperative Posio‘;::::tive Po?’stl::;t:;:ve POZ:::;'tali?ve Postlozz::ltive Posfo):;'l:tive Fvalue
VAS of BP 1.40 + 1.81 0.47 £0.52* 0.47+0.52* 0.47 £ 0.64* 0.40 + 0.63* 0.40 £ 0.63* 2.784*
VAS of RP 2.80 £2.43 0.53 £0.74* 0.60 £ 0.83* 0.33 £0.62* 0.33 £0.62* 0.27 £ 0.46° 10.740*
Nurick score 3.40 £ 0.63 2.73 £1.03* 1.53 £ 1.06* 0.87 £0.83* 0.27 £0.46® 0.20 £ 0.41° 42.927*
mJOA score 5.87 £ 1.41 7.27 £ 1.75* 8.13 +1.19* 8.87 £ 0.99* 9.67 £0.72® 9.87 + 1.06* 23.094*
ODI 53.73 £12.23 43.80 + 14.22*° 33.67 £ 12.84* 2793 +9.77* 21.47 + 6.47%® 21.60 £ 6.09* 21.693*

*, ANOVA, P < 0.05; a, LSD test, P < 0.05, compared to Preoperative; b, LSD test, P < 0.05, compared to 1 week and 3 months Postoperative. BP-
back pain; RP-radicular pain.

and forth micromotion rather than rotatory-motion to
allow precise removal of bone with minimal impact to
the adjacent soft tissues (37). Energy from the cutting
edges of these devises is preferentially transmitted to
hard structures (bone). Adjacent soft tissues (ligamen-
tum flavum, posterior longitudinal ligament, dura) are
spared as these structures can bend, vibrate, and deform

to vibratory micromotion with minimal transmission of
energy (38-41). The ultrasonic osteotome has been used
for open spinal surgery (21,42-46). However, ultrasonic
osteotome is used without direct visualization of the
dura in open spine surgery, and spinal cord injury may
occur by insertion of the blade beyond the inner cortex
of lamina, if penetration of the lamina is not felt. Full-
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endoscopic use of an ultrasonic osteotome ensures its
tip working under endoscopic monitoring. There was a
noticeable absence of bleeding from the cut end of the
bone consistent with the ultrasonic application (22,40),
therefore, the field of vision under the endoscope can
be kept highly clear to ensure the accurate operation of
the ultrasonic osteotome. At the same time, during the
full-endoscopic surgery performed under local anesthe-
sia, timely patient feedback and timely communication
between doctors and patients can further ensure the
safety of the operation.

Since full-endoscopic thoracic decompression sur-
gery has a steep learning curve, it is important to empha-
size the importance of surgical skill training and surgical
experience. Full-endoscopic surgery is more difficult in
the thoracic spine than in the lumbar spine because the
thoracic canal is smaller than the lumbar spine, which
results in a smaller surgical space, a narrower surgical
area, and a 2-dimensional view with significantly lower
surgical efficiency than open surgery. The incidence of
each TOLF type according to Sato classification is usually
determined by the number of intervertebral segments
involved by OLF (26). In other words, patients with 1 -2
segment OLF are usually lateral, extended, or enlarged

types. In contrast, those patients with multi-segment
OLF tend to behave as fused or tuberous types. There-
fore, based on the current status of full-endoscopic
spinal surgery equipment and techniques, it is recom-
mended to be used only for patients with 1 - 2 segment
TOLF; for multi-segment thoracic OLF, it is recommended
to choose open surgical procedures or multiple, staging
full-endoscopic surgical resection.

LimiTATIONS

Due to the low incidence of 1 — 2 segment TOLF,
only 15 patients were included in this study, and the
sample size was small; there was no standard control
group, and it was just a prospective observational
cohort study. Therefore, the efficacy and safety of ul-
trasonic assisted full-endoscopic en block resection of
OLF in the treatment of TOLF have yet to be confirmed
by the results of large-scale, multicenter, prospective
controlled studies.

CoNCLUSION

Ultrasonic assisted full-endoscopic en block resec-
tion of OLF is a safe and effective minimally invasive
spine surgery for thoracic myelography caused by TOLF.
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