
Background: Resection of the ossification of the thoracic ligamentum flavum (OTLF) with a 
high-speed burr may cause a high rate of perioperative complications, such as dural laceration 
and/or iatrogenic spinal cord injury. 

Objectives: The aim of this study was to investigate the safety and feasibility of the endoscopic-
matched ultrasonic osteotome in full-endoscopic spinal surgery for direct removal of OTLF.

Study Design: Retrospective study.

Setting: All data were from Honghui Hospital in Xi’an.

Methods: This study conducted between December 2017 and December 2018, included 27 
consecutive patients who met the study criteria, had single-level OTLF, and underwent full-
endoscopic decompression under local anesthesia. The postoperative follow-up was scheduled 
at 1, 3, 6, and 12 months postoperatively. Outcomes evaluations included the Visual Analog 
Scale (VAS) score for lower extremity pain and the modified Japanese Orthopaedic Association 
(mJOA) score and improvement rate for the assessment of thoracic myelopathy. Removal of 
OTLF was measured by comparing the pre- and postoperative computed tomography (CT) and 
magnetic resonance imaging (MRI) scans. 

Results: The operation was completed in all patients without conversion to open surgery. 
The operation time ranged from 65 to 125 minutes (average, 83.7 ± 12.3 minutes). All 
patients were followed up for 12 to 18 months, with an average follow-up of 14.3 ± 1.3 
months. Satisfactory neurologic decompression was confirmed by postoperative CT and MRI, 
and no revision surgery was required. The VAS and mJOA scores showed statistically higher 
improvement at the 1-month follow-up and the last follow-up compared with the preoperative 
assessment (P < 0.05). According to the improvement rate at the final follow-up, 20 cases were 
classified as good, 6 cases were fair, and 1 case remained unchanged.

Limitations: A single-center, noncontrol study.

Conclusions: The endoscopic-matched ultrasonic osteotome can be considered quite safe 
and feasible for direct removal of OTLF during full-endoscopic spinal surgery in strictly selected 
patients, as this allows for effective direct decompression of OTLF while minimizing trauma and 
instability. In addition, because of the design characteristics of the ultrasonic osteotome, surgical 
complications, especially dural tears and spinal cord injury, can also be effectively controlled. 
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OOssification of the thoracic ligamentum flavum 
(OTLF) is characterized by the replacement of 
the ligamentum flavum by ectopic new bone 

formation. As one of the causes of thoracic myelopathy, 
OTLF mainly causes compression of the spinal cord on 
the posterolateral side, resulting in slowly progressive 
paralysis or acute numbness and/or weakness of the 
lower limbs with or without sphincter dysfunction 
following trauma (1). 

The current treatment for OTLF is surgical extirpa-
tion of the ossified ligamentum flavum by laminectomy 
owing to its progressive nature and poor response to 
conservative therapy. Posterior decompression pro-
cedures include traditional open laminectomy with 
or without posterior fusion and minimally invasive 
procedures, such as microendoscopic decompression 
and percutaneous endoscopic decompression (2-9). 
The calcified ligamentum flavum may adhere to the 
dura mater and has inherent space constraints; hence 
resection of the ossification of the ligamentum flavum 
with a high-speed burr may cause a high rate of peri-
operative complications, such as dural laceration and/
or iatrogenic spinal cord injury leading to transient 
neurologic deterioration or permanent paraplegia.

An ultrasonic osteotome, an instrument based 
on piezoelectric high-frequency mechanical vibration, 
is capable of selective bone cutting and the optimal 
preservation of the adjacent soft tissue (10,11). Based 
on successful experiences using the instrument in oral 
and maxillofacial surgery (12,13), the application of 
ultrasonic osteotomes in spinal surgery is increasing 
(14). Yu et al (15) first introduced the ultrasonic osteo-
tome for the percutaneous transforaminal endoscopic 
decompression of the calcified intravertebral disc and 

observed satisfactory clinical outcomes. The high tissue 
selectivity of ultrasonic osteotomes allows for safe and 
effective endoscopic decompression in OTLF. The aim 
of this study was to investigate the safety and feasibil-
ity of the endoscopic-matched ultrasonic osteotome 
in full-endoscopic spinal surgery for direct removal of 
OTLF.

Methods

This retrospective study conducted between De-
cember 2017 and December 2018, included 27 consecu-
tive patients who met the study criteria, had single-lev-
el OTLF, and underwent full-endoscopic decompression 
under local anesthesia. Patients were 16 men and 11 
women with an average age of 54.7 ± 8.5 years (range, 
41–67 years). The duration of preoperative symptoms 
ranged from 3 to 23 months. The lesion distribution 
was as follows: 3 involved the upper thoracic spine (T1-
T4), 6 involved the middle thoracic spine (T5-T8), and 18 
involved the lower thoracic spine (T9-T12).  

The inclusion criteria were single-segment OTLF 
with definite thoracic myelopathy, characterized by 
weakness in the lower extremities, gait disturbances, 
dorsal pain, and/or sphincter dysfunction; compromise 
of thoracic spinal cord by OTLF confirmed by computed 
tomography (CT) with or without magnetic resonance 
imaging (MRI) (Fig. 1A–C); neurologic deficit corre-
sponding to the targeted lesion as located on preop-
erative MRI/CT; and lateral, extended, or enlarged type 
of OTLF detected on the preoperative CT scan accord-
ing to the Sato (16) classification for OTLF.

The exclusion criteria were as follows: multiseg-
mental OTLF or concomitant with cervical or lumbar 
lesions; fusion or tuberous type of OTLF (16); accom-

Fig. 1. Preoperative T2-weighted MRI of  the thoracic spine 
showed spinal cord was compressed by low-signal masses at 
the level of  T10/11 in the sagittal section (A). The axial 
plane of  MRI showed the spinal cord compression was 
caused by the low-signal masses attached to the bilateral 
lamina (C), which were classified as the extended type 
at the CT scan of  the thoracic spine (B). Satisfactory 
decompression was completed after the left laminotomy, which 
was confirmed by the axial planes of  CT scan (D) and 
MRI (E). 
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panying ventral compression, including thoracic disc 
herniation and/or ossification of the posterior longi-
tudinal ligament, and severe cardiopulmonary disease 
that could not tolerate surgery; and lost to follow-up 
less than 12 months.

The medical ethics committees of our hospitals 
approved the study in accordance with the relevant 
guidelines and regulations. Informed consent was ob-
tained from all patients. 

Surgical Equipment
The main surgical instruments included the endo-

scopic system and bipolar radiofrequency (Spinendos 
GmbH, München, Germany), and the endoscopic-
matched ultrasonic osteotome device consisted of 
a host machine, a handpiece, and different types of 
disposable tips (XD880A, SMTP, Beijing, China) (Fig. 2).

Surgical Technique
All surgeries were performed by an attending 

spinal surgeon who had performed nearly 1,000 en-
doscopic spinal procedures. The patient was placed 
in the prone position on a radiolucent table under lo-
cal anesthesia. Thus it was convenient for patients to 
receive timely feedback during the whole operation. 
The local anesthetic agent used consisted of a 20-mL 
mixture of lidocaine, bupivacaine, and saline solution 
at a ratio of 1:1:1. Dexmedetomidine (0.5 µg/kg initial 
bolus, followed by 0.1–0.5 µg/kg/hour) was injected 
intravenously to provide the desired level of sedation. 
Based on the OTLF location, a 2-cm skin incision was 

made on the more severe side of the spinal stenosis ap-
proximately 1 to 2 cm from the midline. An 18-gauge 
spinal needle was inserted under fluoroscopic guidance 
toward the lamina at the level of the OTLF lesion (Fig. 
3A, B). Then, a guidewire was placed, and the needle 
removed. Sequential dilation was performed along the 
guidewire. A working cannula was established, and its 
position was confirmed by fluoroscopy at the surgical 
target-OTLF. The endoscope was inserted through the 
working cannula (Fig. 3C). In patients with unilateral 
compression, ipsilateral laminotomy was performed 
with the assistance of an ultrasonic osteotome via 
endoscopy (Figs. 3D and 4). In patients with bilateral 
OTLF, the contralateral sublaminar portion was decom-
pressed by sublaminar shaving through the base of the 
spinal process, similar to the technique of “over-the-
top” decompression (17). We used endoscopic forceps 
to remove the unossified ligamentum flavum and soft 

Fig. 2. The endoscopic-matched ultrasonic osteotome device 
includes a host machine (left) and a handpiece (right), which 
connects with the host and controls the disposable tips.

Fig. 3. The spinal needle was placed at the left lamina of  T10 under anteroposterior (A) and lateral (B) fluoroscopic guidance. 
The endoscope was inserted through the working cannula (C). The left laminotomy was performed with the assistance of  an 
ultrasonic osteotome via endoscopy (D).
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tissue in the midline. The ossified ligamentum flavum 
was removed safely and efficaciously layer by layer by 
the cavitation effect of the ultrasonic osteotome (Fig. 
5A). For the patients without dural adhesions, the inner 

layer of ossified ligamentum flavum can be removed by 
the endoscopic punch (Fig. 5B). A clear space between 
the dural sac and the lamina and dural pulsation were 
considered the signs of thorough neural decompres-
sion (Fig. 5C). A drain catheter was placed and retained 
for 24 hours to prevent epidural hematoma. Patients 
were kept in bed for 6 hours after surgery and asked to 
avoid strenuous exercise for 1 month.

Follow-Up and Observation Indicators
The postoperative follow-up was scheduled at 1, 

3, 6, and 12 months postoperatively. Outcomes evalu-
ations included the Visual Analog Scale (VAS) score for 
lower extremity pain and the modified Japanese Or-
thopaedic Association (mJOA) score for the assessment 
of thoracic myelopathy (18). The mJOA improvement 
rate is calculated as follows: (postoperative mJOA score 
– preoperative mJOA score) / (11 – preoperative mJOA 
score) × 100%. An improvement rate of 50% or greater 
was good, 25% to 50% was fair, less than 25% was 
unchanged, and 0% was deteriorated (19). Removal of 
OTLF was measured by comparing the pre- and postop-
erative CT and MRI scans. 

Statistical Analysis
All statistical analyses were performed using the 

GraphPad Prism 8.0.2 software (GraphPad, San Diego, 
CA). Quantitative variables are presented as mean ± 
standard deviation. The paired t-test was used to com-
pare the pre- and postoperative VAS and mJOA scores. 
A P value < 0.05 was considered statistically significant. 

Fig. 4. The schematic diagram shows the left laminotomy was 
performed with the assistance of  an ultrasonic osteotome via 
endoscopy.

Fig. 5. The ossified ligamentum flavum was removed safely and efficaciously layer by layer by the cavitation effect of  the 
ultrasonic osteotome (A). For the patients without dural adhesions, the inner layer of  the ossified ligamentum flavum can be 
removed by the endoscopic punch (B). A clear space between the dural sac and the lamina was observed after the thorough neural 
decompression (C). 
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Results

The operation was completed in all patients 
without conversion to open surgery. The operation 
time ranged from 65 to 125 minutes (average, 83.7 ± 
12.3 minutes). No catastrophic complications occurred 
during surgery in any patient, such as major vascular 
injury, spinal cord injury, pleural effusion formation, 
or dural laceration. All patients were followed up for 
12 to 18 months, with an average follow-up of 14.3 ± 
1.3 months. No patient complained of the aggravation 
of neurologic symptoms, surgical site infection, de-
layed healing, or epidural hematoma postoperatively. 
Satisfactory neurologic decompression was confirmed 
by postoperative CT and MRI, and no revision surgery 
was required. The VAS score, mJOA score, and mJOA 
improvement rate are summarized in Table 1. The VAS 
and mJOA scores showed statistically higher improve-
ment at the 1-month follow-up and the last follow-up 
compared with the preoperative assessment (P < 0.05).  
According to the improvement rate at the final follow-
up, 20 cases were classified as good, 6 cases were fair, 
and 1 case remained unchanged.

discussion

The universal and classic treatment for OTLF is bi-
lateral laminectomy and excision of the affected lesion. 
In this procedure, the inferior articular processes and 
the inferior laminae of the superiorly located vertebra 
are removed, following which OTLF is ground into a 
paper-thin plate and finally removed. Although the 
surgery provides thorough neural decompression, the 
tremendous surgical trauma involving the paraspinal 
muscles, spinous processes, and the attached ligaments 
can impair rapid postoperative recovery. Additionally, 
surgical complications, such as increased postoperative 
laminectomy-related kyphosis and/or intersegmental 
instability can occur (20).

Percutaneous endoscopic spine surgery, one of 
the most minimally invasive spinal surgical techniques, 
can achieve targeted decompression with minimized 
surgical trauma based on improvements in equipment 
and optical technology. The iatrogenic damage to the 
paraspinal muscles, facet joints, laminae, and posterior 
ligamentous complexes is minimized, and hence the 
risk of postoperative instability is controlled. Microen-
doscopic decompression for thoracic canal stenosis is 
also less invasive with an easier learning curve over con-
ventional laminectomy (4,5). However, full-endoscopic 
decompression performed under local anesthesia has 
the advantage of obtaining the patient’s real-time 

feedback; moreover, continuous saline irrigation can 
generate hydraulic pressure to reduce intraoperative 
bleeding and decrease the risk of infection. Several 
authors have described their preliminary experiences 
with percutaneous endoscopic decompression for the 
treatment of OTLF under local anesthesia (7,8,21). 
However, dural tears and the transient worsening of 
preoperative paralysis remain the main complica-
tions. In our study, all patients achieved satisfactory 
improvement of neurologic function without develop-
ing either complication, and this may be attributed 
to strict patient selection and the application of the 
endoscopic-matched ultrasonic osteotome. Sato (16) 
classified OTLF into 5 types, including lateral, extended, 
enlarged, fused, and tuberous types. Based on the mor-
phologic characteristics, individualized treatment was 
recommended (16). Decompression by laminotomy or 
laminoplasty is necessary for lateral or extended type 
without dural adhesions. Considering the degrees of 
OTLF and the stenosis of the spinal canal, the fuse or 
tuberous type of OTLF may be higher than the other 3 
types and can be appropriately treated by en bloc lami-
nectomy via open surgery. However, dural ossification 
is a problem that cannot be ignored, the reported rate 
of which ranged from 11% to 40% in all types of OTLF 
(22). In cases of dural ossification, traditional surgical 
decompression is demanding and complications such 
as dural laceration, cerebrospinal fluid (CSF) leakage, 
pseudomeningocele, and iatrogenic spinal cord injury 
could be more frequent.

In the current treatment of thoracic spinal ste-
nosis, high-speed burr has demonstrated advantages 
such as efficiency in bone cutting and has become the 
most common surgical instrument. However, the disad-
vantages of high-speed burr are also obvious. During 
continuous high-speed rotation for bone cutting, the 
scraping injury of the surrounding tissues and handle 

Table 1. Comparison of  the VAS score, the mJOA score, and 
mJOA improvement rate of  patients before surgery, 1 month 
after surgery, and at the last follow-up (x ± s). 

Preoperatively
1 Month 

Postoperatively

Final 
Follow-

Up

VAS score 5.9 ± 0.9 2.2 ± 0.7* 1.3 ± 0.4*#

mJOA score 6.2 ± 0.8 7.3 ± 0.8* 8.9 ± 1.0*#

mJOA 
improvement 
rate

– – 58.8%

*Compared with preoperatively P <0.001.
#Compared with 1 month postoperatively P <0.001.
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slippage are quite common, which increase the risk of 
iatrogenic injury to the dural sac and even the spinal 
cord (23). An ultrasonic osteotome converts electrical 
energy into mechanical energy through a piezoelec-
tric transducer, allowing the blade to vibrate at an 
appropriate ultrasonic frequency, and bone cutting 
is achieved by mechanical fragmentation and cavita-
tion effects of the ultrasonic waves (10,11). Moreover, 
it has the advantages of high tissue selectivity, easy 
handing, good anti-rolling, and low working tem-
peratures over traditional surgical tools (15). Because 
of differences in tissue density and elastic properties, 
an ultrasonic osteotome has only a selective cutting 
role in hard structure bony tissue rather than in soft 
tissue, especially the dural sac. In the presence of 
dural ossification, the use of an ultrasonic osteotome 
reduces the risk of dural tear while achieving com-
plete decompression of the dural surface. The handle 
vibration is lower than the rotational torque with 
high-speed burr during surgery, thus decreasing the 
learning curvature. An ultrasonic osteotome adopts 
longitudinal fretting of the cutter instead of the axial 
rotation of the burr; hence the design concept is dif-
ferent. The cutter cannot be easily wrapped by the 
surrounding soft tissues, which helps limit the surgi-
cal injury to the adjacent muscular and neural struc-
tures. Its cavitation effect can reduce local bleeding 
to maintain a clear field, which is necessary to sustain 
the irrigative pressure at an appropriate level during 
the operation, thereby reducing the incidence of high 
perfusion–related complications, such as spinal cord 
injury, intracranial hypertension, dizziness, and epi-
leptic seizures. Additionally, the blunted design and 
the related temperature control features (working 
temperature <40° for the ultrasonic osteotome) of the 
cutter are important for reducing mechanical cutting 
injury and thermal damage in the surgical area, es-
pecially when removing OTLF from the surface of the 
dural sac. Several studies have proven that an ultra-
sonic osteotome can indeed induce lower risk of CSF, 
shorter operation time, and smaller intraoperative 
blood loss than a high-speed burr can (24-27). Yu et al 
(15) first attempted to utilize an ultrasonic osteotome 
to remove a calcified disc protrusion and observed 
ideal clinical outcomes with no complications of du-
ral tear or infection. We believe that the advantages 
of a magnified and clear field and adjustable visual 
angle in percutaneous spinal surgery combined with 
high tissue selectivity of the ultrasonic osteotome can 
further achieve efficient and safe decompression of 

OTLF. In our study, both the radiographic and clinical 
outcome were satisfactory; and average operation 
time was only 83.7 ± 12.3 minutes. There were no ad-
verse events, such as major vascular injury, spinal cord 
injury, pleural effusion formation, or dural laceration 
in any patients intraoperatively. 

The main limitation of our study is the retrospec-
tive nonrandomized controlled study design. Although 
an ultrasonic osteotome may be safer and more ef-
ficient than conventional techniques for decompress-
ing the bony structure, because of the learning curve 
of endoscopic surgery we suggest that beginners 
with certain experience in endoscopic decompression 
surgery should start using endoscopic-matched ultra-
sonic osteotomes to perform the removal of OTLF via 
endoscopy.

conclusions

An endoscopic-matched ultrasonic osteotome can 
be considered quite safe and feasible for direct removal 
of OTLF during full-endoscopic spinal surgery in strictly 
selected patients, as this allows for effective direct 
decompression of OTLF while minimizing trauma and 
instability. In addition, because of the design charac-
teristics of the ultrasonic osteotome, surgical complica-
tions, especially dural tears and spinal cord injury, can 
also be effectively controlled. However, further pro-
spective, randomized controlled studies are required 
to determine whether endoscopic-matched ultrasonic 
osteotome indeed improves the safety and efficacy of 
endoscopic decompression for OTLF compared with 
high-speed burr.
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