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Unilateral biportal endoscopic
decompression combined with
percutaneous pedicle screw
fixation offers new treatment
option for thoracolumbar burst
fractures with secondary spinal
stenosis

Guangchao Bai, Xiaowen Qiu, Guojun Wei, Xiaowei Jing & Qingfeng Hu**

The purpose of this study was to present the surgical technique of Unilateral Biportal Endoscopic
(UBE) decompression combined with percutaneous pedicle screws for the treatment of thoracolumbar
burst fractures with secondary spinal stenosis. Thoracolumbar burst fracture is a common traumatic
disease in spinal surgery. In the Arbeitsgemeinschaft fir Osteosynthesefragen (AO) classification of
thoracolumbar fractures, Type A fractures have the highest incidence, accounting for about 70%,

with A1 and A3 types being the most common?. In Type A3 fractures, there is often a displacement of
fracture fragments into the spinal canal, leading to secondary spinal stenosis. The traditional approach
is posterior open surgery pedicle screws combined with direct visualization for decompression,

which requires extensive stripping of paravertebral muscles and resection of more bone, and is more
traumatic?, which is not in line with the current development concept of minimally invasive spine. The
UBE technique in spinal endoscopy is currently a hot spot in the development of minimally invasive
spine?, and we attempted to utilize UBE decompression combined with percutaneous pedicle screws
to treat thoracolumbar burst fracture with spinal stenosis, which provides a new option for the
surgical treatment of thoracolumbar burst fracture with secondary spinal stenosis. We included five
patients with thoracolumbar burst fractures with secondary spinal stenosis admitted to our hospital
between January 2023 and January 2024, who were treated with UBE decompression combined

with percutaneous pedicle screw internal fixation by our team. The degree of correction of spinal
deformity was assessed using the sagittal Cobb angle and the percentage of height of the anterior
margin of the vertebral body, the rate of canal encroachment was used to assess the decompression
of the spinal canal, and the recovery of the patients’ ability to live was assessed using the Visual
Analogue Scale (VAS) and Japanese Orthopaedic Association (JOA) Score. The results showed that the
average operative length of the patients was 154.2 min, and the average intraoperative bleeding was
90 ml; the sagittal Cobb angle averaged 22.23° preoperatively, and 6.10° at 3 days postoperatively;
the anterior vertebral body height ratio averaged 36.77% preoperatively, and 91.16% at 3 days
postoperatively; and the residual spinal canal volume averaged 52.01% preoperatively, and 91.58%
at 3 days postoperatively; VAS score averaged 7 preoperatively and 2 at 3 days postoperatively; JOA
score averaged 8.4 preoperatively and 22.4 at 3 days postoperatively. UBE decompression combined
with percutaneous pedicle screws is effective in the treatment of thoracolumbar burst fractures with
secondary spinal stenosis and is a safe, minimally invasive surgical option for this patient population.
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Thoracolumbar burst fracture is a common traumatic disease in spinal surgery, and its pathogenesis is mainly
due to fall injuries, traffic injuries, and heavy object injuries, and the incidence of the population is mainly for
young adults, which often leads to short-term loss of labor, and some patients are even left with long-term
neurological impairments, which has brought a heavy economic burden to the patient’s family and society™®.
Some patients with thoracolumbar burst fractures often have spinal stenosis secondary to displacement of the
fracture fragment into the spinal canal or injury to the ligamentum flavum, and often require surgical treatment
to re-establish spinal stability because of their severely impaired spinal stability.

The traditional surgical approaches for thoracolumbar fractures with secondary spinal stenosis are posterior
approach surgery, anterior approach surgery, or combined anterior and posterior approaches®. If reconstruction
of the anterior column is not involved, posterior approach pedicle screw internal fixation combined with spinal
canal decompression is usually chosen. Traditional open surgery has a long incision, more bleeding, and more
damage to the paravertebral muscles, and some patients have long-term residual low back pain’. In order to avoid
the shortcomings of traditional open surgery, spine surgeons are now gradually applying minimally invasive
spinal techniques to the treatment of thoracolumbar fractures, such as percutaneous pedicle screw technique,
Wiltse approach nailing technique in the thoracolumbar spine, microscope-assisted spinal decompression
technique, and spinal endoscopic decompression technique®.

The UBE technique is currently a hot technique for minimally invasive spine surgery, and it has been gradually
accepted and favored by spine surgeons worldwide since it was proposed in 2003 due to its high flexibility and
safety. Currently, the UBE technique has been routinely used to manage degenerative diseases of the cervical,
thoracic and lumbar spine, such as cervical spondylosis, thoracic ligamentum flavum ossificans, lumbar disc
herniation, lumbar spinal stenosis, etc®. With the gradual maturation of UBE technology, its indications have
been gradually expanded, and in recent years, UBE technology can be seen to be applied to spinal tumors, spinal
infections, and traumatic diseases of the spine'®.

Percutaneous pedicle screw technique is another minimally invasive technique in spinal surgery, which avoids
extensive stripping of the posterior spinal muscles, reduces blood loss, decreases complications, and shortens
recovery time compared with the traditional open pedicle screw nailing technique!l. We treated some patients
with thoracolumbar burst fractures with secondary spinal stenosis using UBE decompression combined with
percutaneous pedicle screw technique, and here we performed a retrospective analysis to evaluate its clinical
efficacy and summarize the technical points.

Materials and methods

Participants

This study was a single center, retrospective study. Cases were collected from January 2023 to January 2024.
The study complied with the basic principles of medical ethics set forth in the Declaration of Helsinki and was
reviewed and approved by the Human Research Ethics Committee of the Fourth Affiliated Hospital of Zhejiang
University School of Medicine (approval number: K2024131). All patients were informed in detail about their
medical conditions and available surgical options, and enrolled patients voluntarily chose the surgical options
of UBE decompression and percutaneous pedicle screw internal fixation, and signed an informed consent for
surgery. Inclusion criteria: (1) Thoracolumbar burst fracture due to trauma, Thoracolumbar injury classification
and severity score (TLICS) > 4, Load Sharing Classification (LSC) score < 7. (2) Fracture secondary to significant
stenosis of the spinal canal, i.e. significant ventral compression of the nerve due to displacement of the fracture
fragments or dorsal compression of the nerve due to injury to the facet joint or folding of the ligamentum
flavum. (3) Those with complete follow-up data. Exclusion criteria: (1) pathological fractures or the presence
of severe osteoporosis. (2) the presence of severe cardiac, pulmonary, cerebral and renal dysfunction that could
not tolerate surgery. (3) the presence of localized or systemic infections. (4) incomplete follow-up data or loss
to follow-up. Based on the above criteria, five patients were enrolled, and we summarize the main points of this
technique.

Surgical procedures

All the patients were put under tracheal intubation combined with general anesthesia, and after successful
anesthesia, the patients were placed in prone position on the surgical bed. Silicone pads were used to keep the
patient’s abdomen in suspension, with the aim of reducing intra-abdominal pressure and minimizing bleeding
in the surgical area; the patient was kept in a mildly flexed hip and knee position, with the aim of decreasing the
tension of the muscles of the lumbar and back in order to facilitate the placement of pedicle screws. The surgical
procedure is shown in Fig. 1.

Contralateral placement of pedicle screws

After the patient was positioned, 5 Kirschner’s needles were placed in the surgical area, and the C-arm fluoroscopic
anteroposterior X-ray of the surgical area was performed to confirm the bilateral pedicle projections of the target
segment. If the pedicle projection was considered as a clockwork disk, the body positioning point was located at
about 1.5 cm lateral to the pedicle projections of the “2 points and 10 points” (Fig. 2A).

The puncture was performed with the assistance of C-arm fluoroscopy, the guidewire was placed (Fig. 2B,
C), and the pedicle screw of the appropriate length was screwed in after flaring along the guidewire. It should
be noted that the pedicle screws on the side where the decompression is planned should not be screwed in first,
and the guidewire should be secured to the surgical sheet using a small patch so that it does not interfere with
subsequent endoscopic decompression of the spine (Fig. 2D).
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Fig. 1. General view of the surgical procedure. A: The patient was lying prone on the surgical bed. B: Bilateral
vertebral pedicle projection points were localized and marked under C-arm fluoroscopy. C: Percutaneous
pedicle screws were placed under C-arm fluoroscopy, and decompression was performed under the UBE
endoscopic system. D: Drainage was placed in the decompressed area, and the incision was sutured.

Fig. 2. Procedure of percutaneous pedicle screw placement. A: Kirschner’s needle was used for surface
localization of the pedicle screw entry point. B: Puncture was performed under C-arm surveillance; this was
an anteroposterior X-ray image. C: Puncture was performed under C-arm surveillance; this was a lateral X-ray
image. D: Pedicle screws were screwed along the guidewire on the non-decompressed side, the guidewire was
fixed on the decompressed side, and subsequent endoscopic decompression operation was carried out.

Decompression of the spinal canal under UBE, direct repositioning of the fracture fragment
After the insertion of contralateral pedicle screws, a connecting rod is placed, and after slight distraction, the tail
caps are tightened to maintain a certain height of the injured vertebra.

C-arm fluoroscopy was used to determine the two incisions of the UBE decompression: the observation
incision and the operation incision, which were set at the intersection of the medial margin tangent and the
inferior margin tangent of the pedicle projection. Typically, the incisions for UBE decompressions are closer to
the midline than the incisions for percutaneous pedicle screws. The operative channel was prepared with the
use of a sequential dilator with the assistance of the C-arm, followed by the connection of a spinal endoscopic
imaging system, a continuous irrigation system, and a plasma radiofrequency tip.

The following procedure was performed under spinal endoscopy.

Step one soft tissue clean-up
The plasma radiofrequency tip was used to remove soft tissue on the lamina and in the interlaminar space, with
sufficient clean-up to facilitate subsequent bony decompression.

Step two spinal decompression

The junction of the lamina and spinous process of the superior vertebra was used as the starting point for bony
decompression (marked by a star in Fig. 3A). The lower edge of the lamina and the inner edge of the inferior
articular process of the superior vertebral body were partially abraded in a counterclockwise direction using an
endoscopic grinding (Fig. 3A), and the lower edge of the upper lamina was exposed until the cephalic end of
the ligamentum flavum was reached, and the inner edge of the inferior articular process was exposed until the
inner edge of the superior articular process was revealed below. Subsequently, we returned to the starting point
and abraded the base of the spinous process, the lower edge of the contralateral lamina, and part of the bone of
the inner edge of the contralateral lower articular process in a clockwise direction (Fig. 3B), with the same extent
of abrasion on the ipsilateral; then we removed the superficial ligamentum flavum and abraded the upper edge
of the lower lamina with a endoscopic grinding (Fig. 3C) until the caudal stop of the ligamentum flavum was
exposed, and then we finished the bony decompression.

The ligamentum flavum was gradually bitten off with laminectomy forceps to access the spinal canal.

Step three repositioning of the fracture fragment

The dural sac was moderately pulled to the midline by the nerve root retractor, at this time, the fracture fragment
invading into the vertebral canal could be directly visualized, and the “L’-shaped fracture reset device was
placed against the fracture fragment, and the end of the reset device was struck by the hammer, and the fracture
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Fig. 3. Schematic diagram of the process of spinal decompression. A: Used the junction of the ipsilateral
lamina and the spinous process as the starting point, the bone was abraded in a counterclockwise direction. B:
Returned to the starting point, the root of the spinous process and the contralateral portion of the bone were
abraded in a clockwise direction. C: Abraded a portion of the upper edge of the lower lamina.

fragment was gradually struck ventrally, and the reset device was at the same height with the posterior edge of
the vertebral body under C-arm fluoroscopy in the lateral position, the reset device was taken out, and the nerve
root retractor was released, and no obvious fracture fragment pressing on the ventral side of the dura, and the
repositioning of the fracture fragment was finished.

Step four ipsilateral placement of pedicle screws

The spinal endoscopy system was removed, the appropriate length pedicle screws were screwed along the pre-
positioned guide wires, the connecting rod was put in, and the tail caps were screwed in for fixation. C-arm
fluoroscopy was used to confirm that the screw position was satisfactory and that the fracture fragment had
not been displaced again, and one drainage tube was placed in the decompression operation incision, and the
incisions were closed layer by layer, and the operation was completed.

Step five post-operative treatment

After the operation, the patient was given oral non-steroidal drugs for analgesia, bed rest until the drainage tube
was removed, wearing a waist girdle and gradually moving down to the ground, followed by a review of the
X-ray, CT and MRI of the operation area.

Data collection

General data of the patients included gender, age, fracture segment, cause of injury, AO typing of the fracture,
duration of surgery, intraoperative blood loss, and postoperative drainage. The patients were scored on VAS and
JOA scales 1 day preoperatively and 3 days postoperatively. Sagittal Cobb angle and vertebral anterior margin
height ratio were measured on preoperative and postoperative X-rays, and residual spinal canal volume was
measured on preoperative and postoperative fracture level CT cross-sections of the patients. All of the above
data were collected by 2 specialized spine surgeons.

Statistical analysis

All values are expressed as mean +standard deviation, and comparisons between means were made using
paired t-tests, with P<0.05 considered statistically significant. Imaging images were intercepted by RSVSviewer
software.

Results

Demographic data

A total of 5 cases were included in this study, 3 males and 2 females, aged 28-64 years, fracture segments T11-L3,
type of injuries were high fall and car accident injuries, and AO typing was A3 and B2+ A3 (Table 1).

Perioperative data

We statistically obtained the duration of surgery for the patients included in the study to be 122-188 min,
intraoperative bleeding to be 50-120 ml, postoperative drainage to be 35-152 ml, postoperative drain placement
time to be 22-41 h, length of hospitalization to be 7-10 days, and follow up time to be 4-8 months (Table 2).

Evaluation of spinal deformity correction

The preoperative vertebral anterior margin height ratio was (36.77 +3.23)% and the postoperative vertebral
anterior margin height ratio was (91.16 +3.69)% (for measurements, see Fig. 4A, B), and the postoperative
vertebral anterior margin height ratio was greater than that of the preoperative period, P < 0.0001, and the
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Mean + SD (Range) or n

Age (years) 46.40 + 14.81(28-64)
Genders

Male 3

Female 2

Injured level

T11 1
L1 1
L3 3
Cause of injury

traffic accident injury 3
injuries caused by falling from a height 2

AO Spine Thoracolumbar Spine Injury Classification System

A3 4

B2 with A3 1

Table 1. Demographics of patients included in this study. SD, standard deviation; AO, Arbeitsgemeinschaft fiir
Osteosynthesefragen.

Mean + SD (Range)

Duration of surgery(minutes)

154.2+32.87(112-188)
90 +26.46(50-120)
81.0+43.47(35-152)
Drainage tube placement time(hours) | 34.4+7.36(22-41)

Intraoperative bleeding(ml)

Postoperative drainage(ml)

Length of hospitalization(days) 8.4+1.14(7-10)

Follow-up time(months) 5.4+1.67(4-8)

Table 2. Perioperative data.

difference was statistically significant (see Fig. 6A for results); the preoperative vertebral cobb angle was
(22.23+2.7)°, the postoperative vertebral cobb angle was (6.10+1.24)° (for measurements, see Fig. 4C, D),
the postoperative cobb angle was significantly lower than the preoperative one, P<0.0001, the difference was
statistically significant (see Fig. 6B for results).

Vertebral volume improvement results

We used residual spinal canal volume to assess the enlargement of the spinal canal before and after surgery
(see Fig. 5 for measurements). The results showed that the preoperative predicted residual spinal canal volume
ratio was (52.01+4.83) % and the postoperative residual spinal canal volume ratio was (91.58 +2.18) %, and
the postoperative residual spinal canal volume ratio was greater than the preoperative one, with a statistically
significant difference of P<0.0001 (see Fig. 6C for results).

Improved outcomes in spinal function

We assessed the patients’ pain improvement using the VAS scale and spinal function improvement using
the JOA scale. The results showed that the patients’ preoperative VAS score was (7.0+1.22), and the 3-day
postoperative VAS score was (2.0 +0.70), which was lower than that of the preoperative one, with P<0.0001,
and the difference was statistically significant (see Fig. 6D); the preoperative JOA score was (8.4+1.14), and
the 3-day postoperative JOA score was (22.4+2.07), which was higher than that of the preoperative one, with
P <0.0001, and the difference was statistically significant (see Fig. 6E).

Typical case

A 56-year-old male with L3 vertebral body fracture caused by a fall from a height of 3 m, AO classification of
B2+ A3, underwent UBE decompression + percutaneous pedicle screw internal fixation 3 days after the injury,
with a drainage tube placed in the operative area for 35 h after the surgery, and he went down to the ground
gradually after the removal of the drainage tube, and the CT of the operative area was rechecked 3 days after the
surgery (see Fig. 7 for preoperative and postoperative images), and he was discharged from the hospital 7 days
after the surgery, and is currently under follow-up for 7 months (see Fig. 8 for follow-up images).

Discussion
Thoracolumbar fracture is a common traumatic disease in spinal surgery, the thoracolumbar vertebra is at
the junction of thoracic kyphosis and lumbar anterior kyphosis, the stress is more concentrated!?; at the same
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Fig. 4. Preoperative and postoperative changes in vertebral anterior margin height ratio and cobb angle. A:
Preoperative vertebral anterior margin height ratio. B: Postoperative vertebral anterior margin height ratio. C:
Preoperative cobb angle. D: Postoperative cobb angle.

time, the vertebral body here loses the supportive and stabilizing effect of ribs, and the mobility is larger, so
the thoracolumbar segment is a high incidence part of spinal fracture, accounting for about 40% of the overall
spinal fracture. The type of injury is often traffic accident injury, high fall injury, and the injured people are often
young adults, and the short-term loss of labor ability after injury brings a heavy burden to the family and the
society!>14.

Currently, there is no uniform standard for the treatment of thoracolumbar fractures, and spine surgeons
often develop treatment plans for thoracolumbar fractures based on fracture typing. Currently, the commonly
used typing of thoracolumbar fractures includes Denis typing, AO thoracolumbar fractures typing,
Thoracolumbar Injury Classification and Injury Level Scoring System (TLICS), and Load Sharing Classification
(LSC)*. Denis typing was proposed by Denis in 1984 based on the three-column theory of the spine, combined
with the fracture pattern, which categorizes thoracolumbar fractures into compression fracture, burst fracture,
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(2.35+3.

Fig. 5. Preoperative and postoperative residual vertebral canal volume ratios. A: Vertebral canal volume of the
superior vertebrae of the injured vertebrae. B: Vertebral canal volume of the inferior vertebrae of the injured
vertebrae, with the expected vertebral canal volume of the injured vertebrae calculated from the vertebral
canal volumes of the superior and inferior vertebrae of the injured vertebrae shown in the upper right corner.
C: Preoperative residual vertebral canal volume and residual canal volume ratios. D: Postoperative residual
vertebral canal volume and residual canal volume ratios.

flexion distraction fracture, and fracture with subluxation. Denis typing is relatively simple and has limited
clinical significance'®. In 1994, Magerl et al. proposed the AO typing of thoracolumbar fractures based on the
fracture stress mechanism and fracture stability, which is now widely used worldwide, but the typing is more
complicated, dividing thoracolumbar fractures into 27 types, which is more difficult to master in practical
clinical application!”. In 1994, Thomas et al. published the LSC for spinal injuries, a scoring system based on
the degree of vertebral compression, the degree of burst separation, and the degree of kyphosis, which is a good
guideline for choosing surgical approach!®. In 2005, the U.S. Spine Injury Study Group developed the TLICS
based on fracture morphology, posterior longitudinal ligament complex (PLL) integrity, and neurologic status,
which determines surgical or non-surgical treatment based on specific scores, and has good reproducibility and
operability’.

In terms of the choice of treatment for thoracolumbar fractures, some of the current literature chooses to
combine the TLICS score and the LSC score system to decide, in the TLICS score system < 4 points suggests that
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Fig. 6. Pre- and postoperative imaging and functional scoring results. A: Pre- and postoperative changes
in vertebral anterior margin height ratio. B: Pre- and postoperative changes in cobb angle. C: Pre- and
postoperative changes in residual volume ratio of the spinal canal. D: Preoperative and 3-day postoperative
VAS scoring results. E: Preoperative and 3-day postoperative JOA scoring results.

the patient be treated conservatively, >5 points suggests that the patient be treated surgically, and the score of
4 points selects surgical or conservative treatment according to the patient’s wishes. The LSC score was further
used to determine the surgical approach, with a score of <6 choosing posterior short-segment fixation and a
score of >7 choosing anterior surgery, and a combined anterior and posterior approach was feasible in cases of
LSC > 7 and posterior longitudinal ligament complex injury***!. This surgical selection strategy is appropriate for
most patients, and most spine surgeons agree with this strategy. However, some scholars believe that for TLICS
score >4, LSC score <7, burst fracture of the anterior and middle column of the vertebrae, with significant
displacement of the fracture fragment into the spinal canal resulting in significant neurological compression,
the choice of posterior surgery in accordance with the criteria of the appeal is not appropriate. The reason is as
follows: the anterior and middle vertebral columns bear about 80% of the axial stress transmission of the spine,
and the mechanical transmission of the spine will change accordingly after the burst fracture of the anterior
and middle vertebral columns, and the compressive stress that would have been transmitted axially along the
anterior and middle columns of the vertebral body are converted into tension transmitted down the PLL with the
facet joints as fulcrums, so the change of such mechanical conduction puts forward a higher requirement for the
integrity of the PLL?2. Open posterior surgery in this group of patients, if performed according to the traditional
approach, will result in more or less damage to the posterior structures, causing a partial loss of PLL stability.
Burst fractures of the anterior and middle columns of the vertebral body have already deprived the vertebral
body of some of its support, and secondary injuries to the PLL have resulted in injuries to the posterior traction
conduction pathways, so that the mechanical stability of the spine will be severely impaired. Therefore, some
scholars advocate for an anterior approach to treat anterior and mid-column burst fractures with significant
neural tissue compression, regardless of whether the LSC score exceeds 6 or not?.
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Fig. 7. 56-year-old man with L3 vertebral body fracture secondary to spinal stenosis, early results of UBE
decompression with percutaneous pedicle screw internal fixation. A: Preoperative CT sagittal image showed

a burst fracture of the anterior column of the vertebral body. B: Preoperative CT axial image did not show a
fracture fragment encroaching on the spinal canal. C: Preoperative MRI axial image showed spinal stenosis
due to injury to the facet joints, and folding of the ligamentum flavum. D: Preoperative MRI sagittal image
showed an injury to the interspinous ligaments of the L3/4 and a stenosis of the spinal canal at the L3/4 level.
E: Recovery of the height of the anterior column of the vertebral body was seen on 3-day postoperative CT
sagittal images. F: Significant enlargement of the spinal canal volume was seen on 3-day postoperative CT axial
images.

However, the anterior approach to the thoracic and lumbar spine is more traumatic, with the presence of
important blood vessels and nerves in the operative area, which is a higher risk?%, and the anterior approach
to the thoracolumbar segment needs to be considered as a thoracic obstruction. Therefore, in patients with
thoracolumbar fractures with TLICS score > 4, LSC score < 7, burst fractures of the anterior and middle columns
of the vertebral body, and significant compression of the neural tissues, we explored a minimally invasive
posterior approach to minimize the harassment of the PLL and to preserve as much as possible the tension
stability of the PLL.

The percutaneous pedicle screw technique is now widely accepted and utilized by spine surgeons globally.
Currently, the methods for pedicle screw placement in posterior thoracolumbar spine surgery include open screw
placement, the Wiltse approach, and percutaneous pedicle screws?’. In cases of thoracolumbar fractures that do
not require decompression of the spinal canal, the Wiltse approach can be considered to minimize the damage
to the back muscle tissue. For cases that require spinal canal decompression, traditional open surgery involves
open pedicle screw placement, which necessitates extensive stripping of the paraspinal muscles to expose the
screw entry points. There is a possibility of damaging the joint capsule of the facet joints during the procedure,
and postoperatively, there is a high risk of myofibrosis and fat degeneration, leading to a decline in local muscle
function and a propensity for long-term low back pain?®?’. The percutaneous pedicle screw technique for the
treatment of traumatic spinal injuries was initially reported by Magerl in 1982. Later, Foley reported the use
of percutaneous pedicle screws with the Sextant system in 2001. This method, known for its shorter learning
curve and higher safety, became a good choice for spine trauma and gradually gained popularity?. It has been
shown that percutaneous pedicle screws can achieve the same fixation and deformity correction as open screw
placement and are less traumatic than open screw placement?. The choice between unidirectional and universal
screws for percutaneous pedicle screws in the treatment of thoracolumbar fractures is currently a matter of
debate. The Sextant system’s percutaneous pedicle screws are universal screws, which feature a “ball-and-socket
structure” between the screw tail and the rod, allowing for a certain range of mobility. Studies have indicated
that universal screws have a weaker resistance to flexion compared to unidirectional screws and are limited in
their effectiveness in distraction reduction maneuvers, but their advantage lies in the ease of rod connection
operations’.

We utilized unidirectional screws above and below the fractured vertebrae, and universal screws in the
fractured vertebrae, achieving satisfactory correction of the deformity. The preoperative vertebral anterior
margin height ratio increased from (36.77+3.23) % to (91.16+3.69) %, indicating a good recovery of the
anterior vertebral body height, with no loss of height observed in the follow-up cases. The preoperative Cobb
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Fig. 8. Imaging results of the patient’s postoperative review at 2 and 6 months. A: Anteroposterior

lumbar spine X-ray image at 2 months postoperatively. B: Lateral lumbar spine X-ray image at 2 months
postoperatively, which showed that the vertebral body heights were well maintained, and the physiological
anterior convexity of the lumbar spine was basically normal. C: 6-month postoperative lumbar MRI sagittal
image showed good recovery of the interspinous ligament of L3/4 and patency of the spinal canal. D:
Anteroposterior lumbar spine X-ray image at 6 months postoperatively. E: Lateral X-ray image of the lumbar
spine 6 months after surgery, which showed that the fracture fragment of the anterior column of the vertebral
body had healed and there was no loss of vertebral height. F: MRI axial image of the lumbar spine 6 months
after surgery, which showed that the anterior and posterior diameters of the spinal canal were close to 1.2 cm,
and there was no obvious spinal canal stenosis.

angle of the vertebral body decreased from (22.23 +2.7) ° to (6.10 + 1.24) °, demonstrating a good correction of
the kyphotic deformity.

Unidirectional screws are used above and below the injured vertebrae. During distraction reduction, the
force of distraction can be transmitted from the screw tail to the screw body and the screw tip, completing the
distraction reduction. If universal screws are used, due to the possibility of a certain angle between the screw
body and the screw tail, when the screw tail is distracted, the screw body forms an angle with the screw tail.
As a result, the distraction distance at the screw tip is less than that at the screw tail. Therefore, the distraction
reduction effect of universal screws is not as effective as that of unidirectional screws. The unidirectional screws
used above and below the injured vertebrae, once their tails are secured to the connecting rods, ensure that the
tangent between the screws and the rods is perpendicular. This configuration maintains a constant tension at
the tips of the screws, which is beneficial for the long-term maintenance of the anterior height of the injured
vertebrae. The purpose of inserting universal screws into the injured vertebrae is to enhance the mechanical
strength of the spine and provide additional support during the fracture healing process.

Currently, there are open decompression, microscopic decompression, and endoscopic decompression for
spinal canal decompression, among which endoscopic decompression is a hot topic in spinal surgery®!. Some
studies have shown that endoscopic decompression can achieve the same effect as microscopic decompression.
In 2011, Komp utilized total spinal endoscopic decompression for the first time to treat lumbar spinal stenosis,
and achieved good therapeutic results®2. Javier Quillo-Olvera reported a case of UBE decompression combined
with vertebroplasty and percutaneous pedicle screw technique for the treatment of L5 vertebral fracture with
good therapeutic results’®. Huiming Yang utilized coaxial spinal endoscopy combined with percutaneous
pedicle screws to treat 32 patients with thoracolumbar burst fractures with neurological injury symptoms and
achieved good results®*. Spinal endoscopes currently include coaxial endoscopes and non-coaxial endoscopes,
and the non-coaxial endoscope is currently the main UBE technique. Decompression using coaxial endoscopy
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and UBE has been reported in the literature and both achieve good decompression results*>*, and the choice of
endoscopic technique depends on the operator’s habits. Our center currently primarily utilizes UBE technique
for decompression treatments. UBE decompression surgery has its unique advantages: (1) The working channel
and observation channel are separate, which means that the surgical maneuvers are not limited by the channels
or the endoscope, allowing for more flexible and natural operations. (2) Bilateral hand coordination, which is
closer to conventional surgical procedures, results in a shorter learning curve. (3) The use of a water channel
leads to a lower infection rate in the surgical area®”. We utilized UBE decompression, and the residual spinal canal
volume ratio of the cases included in the study increased from (52.01 +4.83) % preoperatively to (91.58 +2.18)
%, indicating that decompression was effective.

The lessons learned from this study are summarized as follows: (1) Patient selection is recommended for
those with TLICS score >4 and LSC score <7, as well as those with significant neurological compression due to
displacement of the bone fragment after burst fractures of the anterior and middle columns of the vertebral body,
or those with spinal stenosis secondary to facet joint injuries, ligamentum flavum injuries, or ligamentum flavum
folds. (2) For the selection of percutaneous pedicle screws, it is recommended to use unidirectional screws for the
cephalic and caudal ends and universal screws for the injured vertebrae. (3) The order of percutaneous pedicle
screws and UBE decompression should be chosen according to the operator’s habit. (4) Precise decompression
is selected at the site of the most severe spinal stenosis. The smaller the decompression range while ensuring
the effectiveness, the more stability of the posterior column of the spine is preserved, with particular attention
to not destroying more than 1/2 of the facet joint. (5) There is no pursuit of complete reduction of the fracture
fragments. The spinal canal has a certain degree of remodeling capability®®. Intraoperative exploration reveals
that if there is no significant compression of the ventral side of the spinal cord, cauda equina, or nerve roots by
the fracture fragments, it is sufficient. Over-pursuing the complete reduction of the posterior vertebral body
fragments prolongs the surgery time and increases the risk of vascular and nerve damage.

The shortcomings of this study and the points worthy of further investigation are summarized as follows:
(1) The injured vertebra was restored to its normal height after the repositioning, but a cavity was formed in
the middle of the vertebral body, which was not filled with bone, forming an “eggshell-like” change. Some
scholars believe that bone grafting through the pedicle can fill the cavity in the vertebral body, reduce the loss
of the corrective angle of the spine in the later stage, and reduce the incidence of broken screws and connecting
rods®’; Some scholars have also argued that intravertebral bone grafting is unnecessary*’. We found that the
“eggshell-like” changes were still visible from 2 to 6 months after surgery (Fig. 8B, E), and longer follow-up may
be needed to determine whether the intravertebral cavities have an effect on spinal function. Therefore, we will
further follow up the changes of intravertebral cavities and conduct a controlled study with and without bone
grafting at a later stage. (2) In the process of fracture healing, hematoma and inflammatory mediators at the
fracture site in the early stage play an important role*!, UBE uses water as the working medium, and continuous
intraoperative water flushing reduces the inflammatory mediators in the operative area, and whether this affects
fracture healing in any way needs to be explored further. (3) Since we did not perform bone graft fusion between
the facet joints, transverse processes, or intervertebral spaces, we generally advise patients against the removal
of pedicle screws in the later stage. The presence of pedicle screws in the body can cause stress shielding, and the
long-term stability of the spine and the possibility of screw or rod breakage require further validation with larger
sample sizes and longer follow-up periods.

In conclusion, the UBE decompression combined with percutaneous pedicle screw technique in the
treatment of patients with thoracolumbar burst fractures with spinal canal stenosis has been confirmed to have
good deformity correction ability, adequate spinal canal decompression, and excellent results in the near-term
and mid-term follow-up, making it a minimally invasive and effective treatment for this type of disease.

Data availability

The datasets generated during and/or analysed during the current study are available throughout the manuscript.
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