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ABSTRACT

Objective: To evaluate the efficacy of percutaneous uniplanar pedicle screw (PUPS) combined with injured vertebra fixation for
treating thoracolumbar burst fracture and provide technique notes.

Study Design: A descriptive study.

Place and Duration of Study: Department of Orthopaedics, General Hospital of Central Theater Command, Wuhan, China, from
February 2019 to December 2021.

Methodology: Patients who had undergone PUPS internal fixation for thoracolumbar burst fracture were followed up for more than
12 months in the General Hospital of Central Theater Command, Wuhan, China. The operation time, intraoperative blood loss, and
hospital stay were recorded. Visual analysis scale (VAS), score of low back pain, ODI (oswestry disability endex), anterior vertebral
height (AVH), Cobb angle were documented before and after the operation, Also, the complications and postoperative tail shank
angles (TSA) were documented.

Results: All 23 patients were followed up for more than 12 months without re-fracture, loosening or breakage of the screw and rod.
The operation time, intraoperative blood loss, and hospital stay were 51.34+8.30 minutes, 75.67+16.55 minutes, and 9.86+1.96
days respectively. VAS and ODI scores after the operation were significantly lower than before (p <0.05). The AVH and Cobb angle
after operation were significantly better as compared with those before the operation (p <0.05), but no statistically significant differ-
ence was found in those two values at 1 week, 3 months, and 12 months after operation (p >0.05). No statistically significant differ-
ence was found in TSA after the operation (p >0.05).

Conclusions: PUPS combined with injured vertebra fixation reveals satisfactory efficacy for thoracolumbar burst fracture with well
reduction of the fracture, the AVH, and Cobb angle maintenance.
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INTRODUCTION

Thoracolumbar vertebral body burst fracture is a common
spinal injury among young and middle-aged patients which
accounts for 5% to 6% of all fractures and impacts the patient’s
life quality." Surgical treatment was recommended to patients
(AO, type A3) with thoracolumbar injury classification and
severity score (TLICS) >3. Percutaneous pedicle screw fixation
with polyaxial or fixed-headed has become the main treatment
for thoracolumbar fractures without neurological symptoms.?
For polyaxial-headed screws fixation, The height reduction of
injured vertebraeis poor.
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Local kyphosis is difficult to completely correct, and late-onset
kyphosis can easily occur in the long-term. For fixed-headed
screws fixation, the connecting rod is difficult to be installed
percutaneously and the high concentrated stress is prone to
causing the screw and rod system broken.** Improvement of
screw property was noticed, and percutaneous uniplanar
pedicle screw (PUPS) was proposed as a novel screw.

This study was carried out to investigate the advantages and
efficacy in treating thoracolumbar burst fracture with injured
vertebrafixation.

METHODOLOGY

Files were analysed retrospectively for 23 patients who had

undergone PUPS combined with injured vertebra fixation for
thoracolumbar burst fracture from February 2019 to December
2021 inthe General Hospital of Central Theater Command. This
retrospective study had been approved by the Research Ethics
Committee of Medical Service (No. HRECMS20190112). All
patientssignedoninformedconsentformsbeforesurgery.Surg-
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eries were performed by the same senior surgeon. Inclusion
criteria were single level thoracolumbar vertebral body frac-
ture, thoracolumbar burst fracture with AO, type A3, occupying
less than 1/ 4 of sagittal diameter in the spinal canal, no lower
extremity symptom, mild neurological symptom, obviousinjury
of the pedicle and spinal appendage, intact intervertebral disc,
no obvious contraindications of operation in the preoperative
examination, and follow-up available for more than one year
afterthe operation. Exclusion criteria were preoperative exami-
nation did not meet the operation requirement, female >60
years, male >65 years, or / and with osteoporosis, pathological
fracture or combined with other parts of the malignant tumour,
spinal canal stenosis caused by obvious bone or hematoma,
marked neurological symptoms, fracture to operation time
morethan2years,and multipleinjuries of visceraand head.

Preoperative X-ray, CT, MRI, ECG, and blood examination were
carried out. Routine intraoperative use of antibiotics to prevent
possible incision infection. VAS and ODI were evaluated, AVH
and Cobb angle were measured on a computer by an imaging
system. The result value has been automatically retained with
0.01. Introduction of the disease condition and treatment were
carried out, and the patients and their families were informed of

| B
Figure 1: Ashowed six pedicle shadows were marked on the skin surface
(green part), and six puncture needles puncture skin points at a little
laterosuperiordistanceawayfromskinpediclemarks.Bshowedthealter-
nated vertical and horizontal skin incisions centred on guide wires were
made. C showed that the surgical instrument performed stretch reduc-
tionwithonlythelowernutontherodlock.

Thepatientwasplacedinapronepositionaftergeneralanaesth-
esia. C-arm fluoroscopy was used to locate the six pedicle
shadows marked on the skin. Six puncture needles were used to
puncture skin points that were at a little laterosuperior distance
away from skin pedicle marks (Figure 1A) after disinfection of
skin. When each needle tip reached the bony part at the right
point, the AP view under fluoroscopy showed that the needle tip

was located inthe upperand outer parts of pedicle shadows (left
on10o’clock positionand right on 2 o’clock position). The angle
of each puncture needle was adjusted on the lateral view, so
that, the puncture needle could insert into the vertebral body
through the pedicle with parallel to the upper endplate of each
vertebra. When needles reached the posterior wall of the verte-
bral body (the base of the pedicle), the puncture needles should
not exceed the inner edge of the pedicle shadow in AP view.
Afterpassing overthe posteriorwall of every vertebral body, the
puncture needle continuously entered 5 mm depth. Needle
cores were put out with the sleeve left in the vertebral body.
Guide wires were inserted until they reached the bony part at
the bottom. Alternated vertical and horizontal skin incisions
centred on guide wires were made (Figure 1B). Percutaneous
cannulated screws with added long tail leaves were inserted
alongtheguidewiresonebyone. Fluoroscopy checkedthe posi-
tion of the screws. The physiological curvature rods were
directly locked by screw nuts if the height of the anterior edge of
the injured vertebra and the correction of deformity were
satisfied. If they were not satisfied, the stretch reduction was
performed by surgical instrument (Figure 1C). Fluoroscopy
confirmed the position of the pedicle screw-rod system and
reduction condition. The added long tail leaves of the screw
were taken off. The wound was washed with salineand sutured.

Figure 2: Typical case: 42 years male patient was admitted to the hospital
with lumbar pain caused by trauma for one day. A showed fresh L2 burst
fracture without occupation in the spinal canal. B showed the reduction of
fracture and PUPS combined with injured vertebra fixation one week after
surgery. C and D showed spine and PUPS internal fixation condition at 3™
and 12" months follow-up. E showed internal fixation was removed 15
monthsafterbonehealing.

Patients left the bed wearing thoracolumbar brace 3 days after
the operation. VAS and ODI were evaluated, AVH Cobb angle
and TSA were measured one week after the operation. Func-
tional exercise of lumbodorsal muscles was instructed to
patients one week after the operation. The sutures were
removed according to the wound conditions around 10 days
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afterthe operation. The patients were followed up at 3“and 12"
months. The internal fixation was removed according to the
bonehealing 1 yearlater. Evaluationindexes: The operation-re-
lated indexes (operation time, intraoperative blood loss
volume, and hospital stay time); VAS and ODI were calculated.
Theanteriorheightofinjured vertebrae (AHV) was measured on
the lateral view. Cobb angle was measured as the intersection
angle of the vertical line of the upper endplate line of the upper
vertebraeandthevertical line ofthelowerendplateline of lower
vertebrae. Two lines were drawn along the axis of the screw
body and the screw tail were made in lateral view of the X-ray
picture and the tail-shank angle (TSA) was measured between
thetwoaxes.

The SPSS 24.0 software was used for statistical analysis. The
measurement data was recorded as mean * standard devia-
tion. The t-test was used to compare values before and after
surgery. Repeated measures ANOVA was used to compare the
values on three time points. The p-value <0.05 was regarded as
asignificantstatistical difference.

RESULTS

All patients (23 cases) with thoracolumbar fractures who had
undergone reduction and PUPS combined with injured vertebra
fixation were followed up for more than 12 months (1219,
14.82+2.08 on average months). The average operation time
was 51.34+8.30 minutes, the blood loss was 75.67+16.55 ml,
and the average hospital stay was 9.86+1.96 days. One
patient’sincision was red and scabby, and experienced delayed
healingin20days.

CT scanning showed that all the screws were in the pedicles.
VAS score and ODI after operation were significantly lower than
before (p <0.05). The AVH and Cobb angle after operation were
statistically significantly better as compared with those before
the operation (p <0.05), but no statistically significant differ-
encein those two values was found at 1 week 3 months, and 12
months after operation (p >0.05). There was no statistically
significant difference found in TSA at 1 week 3 months, and 12
months after operation (p >0.05, Table1). During the follow-up

period, there was no re-fracture, loosening or breakage of
internalfixation happened (Figure 2).

DISCUSSION

Thethoracolumbarregionisthe mostcommonsite of spinalfrac-
ture. And thoracolumbar burst fracture with TLICS >3 is mainly
treatedsurgically.®Surgeryaimstocorrectthe deformity,immo-
bilise the spine, and indirectly decompress the spinal canal.”®
Opensurgery is a frequently used treatment for thoracolumbar
vertebral body fractures. However, the traditional procedure
has disadvantages of long operative time, large blood loss,
posterior ligaments complex injury, high infection rate, and
persistent postoperative low back pain, which significantly
affect the patient’s quality of life.” With the development of
minimally invasive concepts and minimally invasive surgery,
percutaneous pedicle screw has various advantages, including

less trauma, less bleeding, short operation time, and quick
recovery.”Itisanideal methodfor patients suffering fromthora-
columbar burst fracture with mild or without obvious lower-ex-
tremity neurological symptoms.

PUPSisacombinationtypeofpercutaneousfixed-axisand multi-
axial screw. Although the fixed-axis pedicle screw has a good
reduction ability for vertebral body fracture, it still has two main
shortcomings.'* Firstly, when more screws are implanted, it is
not easy to longitudinally install the rod. Secondly, Stress
concentration at the interface of screw and rod tends to cause
fixation breakage, especially onthe upper partof fixation forthe
connection region stress. Multiaxial screws are currently the
procedure of choice when treating vertebrae fractures." The
screw shaft connects a universal direction tail which could be
rotated freely along the screw’s axial direction. It can decrease
the difficulty of intraoperative manipulation. However, when a
multiaxial screw is applicated, it is hard to achieve satisfactory
kyphosis correct for the injured spine, and delayed kyphosis
may occur in the long term." Therefore, to combine the advan-
tages and discard the disadvantages of these two screws, a
uniplanar pedicle screw has been developed and applied in the
clinic.ltcanbedividedintosagittaland coronal uniplanar move-
ment pedicle screws according to the direction of motion. This
sagittal uniplanar pedicle screw’s U-shaped tail is fixed in the
coronal plane but can move in the sagittal direction, mainly
usedto correctand maintainthe coronal rotation deformity. Itis
more effective in correcting and maintaining the coronal defor-
mity of the spine than the multiaxial pedicle screw. While
coronal uniplanar pedicle screw tail can move in the coronal
plane but is fixed in the sagittal plane, which has an advantage
in correcting kyphosis in sagittal reduction of thoracolumbar
vertebral body fracture (Figure 3). PUPS is easier to fix titanium
rodthanmonoaxialscrewandhasbetterreductionandlongitud-
inal support effect than the multiaxial screw. In addition, the
distraction of the anterior longitudinal ligament, vertebral
body, and intervertebral disc by the distraction device can
promote the recovery of the height of the anterior edge and the
correctionofkyphosis.
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Figure 3: Percutaneous cannulated coronal uniplanar pedicle screw has

a movable tail, which can move in the coronal plane but is fixed in the
sagittalplane.
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Table I: VAS score, ODI, AVH (mm), Cobb angle (°), and TSA (°) before and after surgery.

™ Before surgery @1 Week after  ® 3 Months after @12 Months after M@ | OODE W@p j OO
surgery surgery surgery
VAS 7.43+0.79 1.83£0.72 1.04%0. 56 1.00x£0.74 26.04 /10.84 <0.001/<0.001
ODI 80.65+2.89 27.83+2.64 18.78+2.84 16.74x1.60 70.85/136.32 <0.001/<0.001
AVH 18.06x1.68 26.96+1.19 26.61+1.23 26.16x1.10 27.48/2.672 <0.001/0.07
Cobb 24.56x3.70 9.57+1.13 9.85+1.34 10.12+£1.33 21.55/1.07 <0.001/0.34
TSA - 3.37+0.76 3.39+0.81 3.47+0.62 /0.13 /0.88

Data were compared © with ® using paired samples t-test. Data were compared among ®® and ® using repeated measures ANOVA.

In this study, the AVH and Cobb angle significantly recovered
from 18.06+1.68 and 24.56+3.70° to 26.96+1.19 and
9.57+1.13°, respectively before and after the operation. It was
still maintained at 26.16+1.10 and 10.12+1.33°, with no
internal fixation fracture after one year. There was no signifi-
cant difference in TSA angle between the three segments
[(3.37%£0.76)°, (3.39£0.81)°, and (3.47+0.62)°] after the oper-
ation. This showed that the coronal uniplanar pedicle screw
could provide a better distraction reduction effect, mechanical
stability, and fatigue resistance. The WAS and ODI significantly
reduced from 7.43+0.79 and 80.65+2.89 to 7.43+0.79 and
27.83+2.64 respectively before and after the operation. It was
still significantly decreased to 1.00+0.74 and 16.74+1.60 after
one year. Therefore, the satisfactory reduction and stable
fixation were the premises of symptom improvement. In addi-
tion, the average operation time, amount of bleeding, and
average hospital stay were 51.34+8.30 min, 75.67£16.55 ml,
and 9.86+1.96 days respectively, have indicated that the appli-
cation of PUPS combined with injured vertebra fixation
revealed no obvious disadvantage in terms of surgical injury or
operation difficulty.

According to the technical requirements of screws’ place-
ment, pedicle screws are inserted into the vertebrae one level
above and one level below the fractured vertebra, which is
the classical approach for surgical management in the early
development stage.'® However, multiple subsequent studies
have shown that this fixation way is prone to developing post-
operative vertebral height loss, aggravation of kyphosis defor-
mity, rod/screw breakage, or loosening.'’” Against the above
backdrops, the application of pedicle screws at the fractured
vertebral level has developed gradually. The advantages of
this way are multiple. The body height of the fractured verte-
brae can be restored by pry-poking with pedicle screws
directly, and also acquire enough supporting strength. After
the screw placement, the stability of the injured vertebrae is
increased to reduce the compressive stress of the vertebral
body and the stress load on internal fixation. Previous studies
have also shown that the fractured vertebrae fixed with
pedicle screws could provide multiple-point fixation, over-
come the “quadrilateral or suspension effect”, and get better
biomechanical properties.”

Technique notes about PUPS combined with injured vertebra
fixation in treating thoracolumbar burst fracture are many.
Six PUPS are always implanted to treat single-segment
vertebra fractures. Alternated vertical and horizontal skin inci-
sions are made to avoid connecting with each other on both
sides (Figure 1B). The skin tension around each small incision

should be considered not to affect incision healing. Manual
reduction for fractured vertebra is an important procedure
before the surgery, which is helpful for the fractured vertebra
screw placement at the next step. Type A3 fractures some-
times lead to vertebral compression with different degrees on
the right and left sides endplate. Once the manual reduction
before screw placement fails, the screw placement on the
heavy compression side is at risk of upper endplate penetra-
tion. In this case, screws can be placed on the light compres-
sion side first, and stretch reduction by the instrument is
performed from this side. Subsequently, contralateral screw
placement parallel to the endplate will be easy to achieve.
Successful placement of the pedicle screw at one time is sure
to improve the force in performing and keeping the reduction.
During the screw insertion, it is essential to hold and watch
the guide wire to avoid the guide wire going forehead with
the screw to penetrate the anterior wall of the vertebral body.
Screw placed in injured vertebrae should be chosen with
enough diameter and length. It is always close to the upper
endplate, which can increase the force to perform intraopera-
tively and maintain stability postoperatively. The force for
stretch reduction by surgical instrument should be controlled
to prevent iatrogenic bony injury. After reduction, the curve
of the two rods is determined and put on according to the
intraoperative fluoroscopy on the spine. Nets lock on the
lower vertebrae screw first and the upper vertebrae screw at
second are essential. This kind of caudal and cranial screw
lock with curved rods can perform reduction for injured verte-
brae at the first time. Then, the second reduction and support
can be carried out by the next net lock on the injured
vertebra between the connecting rod and screw. After reduc-
tion and fixation according to the above step, the two nuts on
the upper vertebrae are loosed for a few seconds and locked
again one by one. This is a stress adjustment procedure that
hardly affects the reduction effect but can reduce the
breakage of the internal fixation for the screw rod connection
region stress in the long-term.

CONCLUSION

PUPS combined with injured vertebra fixation reveals satisfied
efficacy in treating thoracolumbar burst fracture without
nerve injury. Moreover, it has the advantages of restoring
vertebral height, maintaining Cobb angle, and symptom
improvement. It also shows well mechanical stability and anti--
fatigue property on the spine. Therefore, PUPS combined with
injured vertebra fixation is worthy of clinical promotion for
thoracolumbar vertebral body fracture.
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