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screw in short-segment posterior fixation for the treatment of
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Background: Posterior pedicle screw fixation had been applied to maintain spinal stability and avoid
further nerve damage in thoracolumbar fracture. This study aimed to evaluate the efficacy of short-segment
posterior fixation with monoaxial pedicle screws versus polyaxial pedicle screws in treating thoracolumbar
fracture.

Methods: A total of 75 patients with thoracolumbar fracture who underwent short-segment posterior
fixation with monoaxial pedicle screw (group A) or polyaxial pedicle screw (group B) were retrospectively
enrolled. The patient demographic and radiological data were analyzed between the two groups.

Results: A total of 63 patients with an average age of 44.7£11.5 years were finally recruited in this study.
There were no significant differences in age, gender, fracture level, thoracolumbar injury classification and
severity scale (TLISS) score, American Spinal Injury Association (ASIA) score, Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) classification, and hospital stay between the two groups (P>0.05). At the last
follow-up, the prevertebral height ratio and normal-to-injured vertebral height ratio were significantly
decreased in group A compared to group B (P=0.027 and P=0.007, respectively).

Conclusions: Short-segment posterior fixation with monoaxial or polyaxial pedicle screw for fractured
thoracolumbar vertebra can restore injured vertebral height. Compared with polyaxial pedicle screw,
monoaxial pedicle screw endows stronger leverage which is more beneficial for restoring injured vertebral

height and recovery of the damaged endplate in thoracolumbar short-segment posterior fixation.
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Introduction spine and leads to pain, disability, and even paraplegia (4).
Spinal fracture accounts for 14% of all bone fractures (1), Posterior pedicle screw fixation is applied to maintain spinal
with thoracolumbar fracture being the most common spinal stability and avoid further nerve damage (5). Some surgeons
injury (2,3). Thoracolumbar fracture causes an unstable advocate that it is better to insert pedicle screws into the
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fractured vertebra because the reinforcement of fixation
helps to improve kyphotic correction and biomechanical
stability (6,7). Other studies have shown that enhanced
fracture-grade screws can improve spinal biomechanical
stability (8-11). In addition, pedicle screw fixation combined
with an intermediate screw in the fractured vertebra offers
superior reduction and correction, fewer instrumental
failures, and comparable clinical outcomes (7,12,13).

Short-segment posterior fixation has been widely used
for treating thoracolumbar burst fractures, which using
pedicle screws with interconnected rods could restore
the compressed vertebra and realign spinal kyphosis.
Compared with long-segment posterior fixation, it not
only limits the number of fused levels of spine, but also
prevents excessive loads on adjacent discs. Moreover,
short-segment stabilization has faster relief of pain,
lesser tissue destruction than long segment with the same
biomechanical stability (14).

However, there is no definitive guideline as to whether
a monoaxial or polyaxial pedicle screw should be used for
fractured vertebra in posterior fixation. The present study
firstly compared the efficacy of using monoaxial pedicle
screws versus polyaxial pedicle screws in short-segment
posterior fixation for the treatment of thoracolumbar
fractured vertebra. Specifically, we aimed to compare
the leverage powers between polyaxial pedicle screw and
monoaxial pedicle screw in restore of injured vertebral
height in thoracolumbar fixation. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-21-881).

Methods
Demographics

From June 2012 to December 2018, 75 consecutive
patients with thoracolumbar fracture who underwent short-
segment posterior fixation with a monoaxial pedicle screw
(group A) or a polyaxial pedicle screw (group B) inserted
in the fractured vertebra were retrospectively enrolled in
this study. The inclusion criteria were: (I) short-segment
posterior fixation including two levels with monoaxial or
polyaxial pedicle screw via single compressed vertebra
for thoracolumbar fracture; and (II) the thoracolumbar
fracture had fused, and the pedicle screw had been removed
at last follow-up. The exclusion criteria were: (I) patients
with significant osteoporosis, endocrine diseases, vertebral
tumour, tuberculosis, ankylosing spondylitis, or other
diseases which may affect the vertebral structure; (II)
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patients with incomplete clinical records; and (III) a follow-
up period of less than 18 months. This study has been
approved by the Ethics Committee of The First Affiliated
Hospital of Nanchang University. This study was designed
in conformity with the Declaration of Helsinki (as revised
in 2013). Individual consent for this retrospective analysis
was waived.

Clinical and radiographic records

All patient clinical and radiographic data were recorded
at admission, postoperative day 3, and last follow-up
(3 days after screw removal). Clinical records included
thoracolumbar injury classification and severity
scale (TLICS) scores (15), American Spinal Injury
Association (ASIA) scores (16), Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) Classification (17), hospital stay,
injury-to-operation interval, and associated injury.

Radiographic data contained the prevertebral height
ratio (the sum of the prevertebral heights of the supero-
inferior vertebrae divided by the two-fold height of the
injured prevertebral height at lateral radiograph, Figure I);
the normal-to-injured vertebral height ratio (the sum
median heights of the supero-inferior vertebrae divided
by the two-fold height of the injured vertebral median at
lateral radiograph, Figure 2); and the injured vertebral Cobb
angle (the angulation between the upper endplate and the
lower endplate of the injured vertebra, Figure 3). To address
the potential sources of bias, all parameters were measured
two times and taken the average values. The parameters
were measured by two radiologists and a mean value was
taken to decrease data bias.

Statistical analysis

All statistical analyses were performed by SPSS Statistics
version 20 IBM Co., Armonk, NY, USA). Data were presented
as mean = standard deviation. Chi-square test was employed to
reveal intergroup differences. Preoperative and postoperative
data were compared by paired #-test. Independent samples
t-test was used to compare corresponding parameters
between the two groups. A probability less than 0.05 was
considered statistically significant.

Results
Outcome overview

A total of 63 patients with an average age of 44.7x12.5 years
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Figure 1 The prevertebral height ratio. This equals the sum of
the prevertebral heights of the supero-inferior vertebrae (A and C)
divided by the two-fold height of the injured prevertebral height (B)
at lateral radiograph.

Figure 2 The normal-to-injured vertebral height ratio. This equals
the sum median heights of the supero-inferior vertebrae (A and C)
divided by the two-fold height of the injured vertebral median (B)
at lateral radiograph.

were finally recruited, 12 patients with incomplete clinical
records or follow-up were excluded. Of the 63 patients,
33 patients had treatment with monoaxial screws and
were classified as group A (24 males and 9 females), and
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Figure 3 The Cobb angle of the injured vertebral.

30 patients had treatment with polyaxial screws and
were classified as group B (18 males and 12 females). ’
analysis revealed that there were no significant intergroup
differences in age, gender, TLISS score, ASIA score, AO
classification, and injury level between the two groups
(all P>0.05, Table 1). Moreover, there was no significant
difference in hospital stay between groups A and B
(P=0.267). However, injury-to-operation interval and
associated injury were significantly different between the
two groups (P=0.035, P=0.025, respectively), which could
be due to the diversity in the degree of spinal injury and
patient conditions.

Questionnaires and AO classification

As summarized in Table 1, the TLICS score for most
patients was 5 or 6 points, and the ASIA scores were grades
D and E. The fractures were mainly located at L1 and L2.
According to AO classification, the majority of vertebral
fractures were types Al, A3, and B1 in both groups of
patients.

Radiograpbic findings

Radiographic data verified that the prevertebral height
ratio, the injured vertebral Cobb angle, and the normal-to-
injured vertebral height ratio were significantly decreased
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Table 1 Patient demographics
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Variables Group A (N=33) Group B (N=30) P value
Age (years) 42.3+9.8 47.1£11.8 0.117
Gender 0.285
Female 9 12
Male 24 18
TLICS score 0.429
5 17 16
6 9 11
7 7 3
ASIA score 0.429
C 7 3
D 17 16
E 9 11
Injured level 0.185
T12 2 0
L1 17 21
L2 14 9
AQ classification 0.681
Al 10 6
A2 2 4
A3 12 9
B1 6 6
B2 3 5
Hospital stay (days) 12.5+£3.8 13.7+£3.9 0.267
Injury-to-operation interval (days) 4.9+2.7 3.5+1.9 0.035
Associated injury 0.025
Yes 18 8
No 15 22

TLICS, thoracolumbar injury classification and severity scale; ASIA, American Spinal Injury Association; AO, Arbeitsgemeinschaft flr
Osteosynthesefragen; Group A, monoaxial screw group; Group B, polyaxial screw group.

between pre-operation and last follow-up for all patients
(all P<0.05; Table 2). However, the improvement in the
prevertebral height ratio at last follow up was more marked
in group A compared to group B (P=0.027). In addition, the
normal-to-injured vertebral height ratio was ameliorated
more distinctly at last follow-up in group A compared to
group B (P=0.007).

© Annals of Translational Medicine. All rights reserved.

Discussion

The benefits of short-segment posterior fixation for
thoracolumbar fracture are well-accepted (6-13).
Biomechanically, rods and pedicle screws can be used to
thread the fractured vertebra and function as a “lordorizing”
force that can restore vertebral height and correct spinal
kyphosis (18). Compared with no screw in thoracolumbar
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Table 2 Radiographic data

Variables Group A (N=33) Group B (N=30) P value

Prevertebral height ratio (%)
Pre-operation* 1.5+0.4 1.3+0.3 0.047
Post-operation 1.0+0.2 1.0+0.3 0.999
Last follow-up* 1.0+0.1 1.1+£0.2 0.027
Pre-operation vs. follow-up* P<0.001 P=0.007

Injured vertebral Cobb angle (°)
Pre-operation 19.0£10.2 18.8+4.0 0.926
Post-operation 9.0+£5.2 8.4+2.1 0.588
Last follow-up 8.3+4.5 8.7+2.2 0.686
Pre-operation vs. follow-up* P<0.001 P<0.001

Normal-to-injured vertebral height ratio (%)
Pre-operation 1.6+0.4 1.5+0.3 0.313
Post-operation® 1.1+£0.3 1.4+0.2 0.001
Last follow-up* 1.1+£0.3 1.3+0.2 0.007
Pre-operation vs. follow-up* P<0.001 P=0.007

* indicates significant difference. Group A, monoaxial screw group; Group B, polyaxial screw group.

fractured vertebra, the use of monoaxial or polyaxial
pedicle screws may achieve better kyphotic correction
and vertebral height recovery (7,8,10,12,19). However,
to date, no literature has compared the efficacy of using
monoaxial pedicle screws versus polyaxial pedicle screws
in short-segment posterior fixation for the treatment of
thoracolumbar fractured vertebra. The present study
verified that both types of screws could restore injured
vertebral height. Compared with the polyaxial pedicle screw,
the monoaxial pedicle screw endows stronger leverage for
thoracolumbar fractured vertebra.

In this study, the conditions of the patients recruited for
the two groups were consistent as there were no significant
differences in most of the demographic data including age,
gender, TLICS score, ASIA score, injured level, and AO
classification. Also, preoperative injured vertebral Cobb
angle and normal-to-injured vertebral height ratio were
similar between the two groups.

All radiographic outcomes had been ameliorated
after surgery in both groups, which indicated that both
monoaxial and polyaxial pedicle screws could restore injured
vertebral height and realign spinal kyphosis. However, the
prevertebral height ratio was improved more significantly
in the monoaxial group at last follow-up compared to
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polyaxial group (P=0.027). The biomechanical properties
of monoaxial pedicle screws give it stronger leverage, which
can pry up the anterior portion of the injured vertebra since
the junction between monoaxial screw head and shank/
thread is linear and fixed. Similarly, the normal-to-injured
vertebral height ratio was decreased more significantly
immediately post-operation and at last follow-up in the
monoaxial group compared to the polyaxial group (both
P<0.05). This suggested that the lever effect of monoaxial
screws not only function at the spinal anterior column but
also at the middle column (Figure 2), and this effect was
greater than that observed with polyaxial screws.
Interestingly, although the prevertebral height ratio and
the normal-to-injured vertebral height ratio were decreased
more distinctly in the monoaxial group, the injured
vertebral Cobb angles were similar between the polyaxial
and monoaxial groups postoperatively. This may have been
caused by the rods not being positioned straight enough for
the monoaxial pedicle screw to exert sufficient lever effect
on the lordotic angulation between the screws in the injured
vertebra and the screws in the adjacent vertebrae.
Although polyaxial pedicle screws have been used
widely, monoaxial pedicle screws are still relevant. In
general, the polyaxial screw head is vulnerable to fatigue
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Figure 4 Our experience in the operation. Pedicle screws were inserted into the injured vertebra with an antero-inferior angle of 30 degrees

to the cross section (A & A’), and pedicle screws were placed at the supero-inferior vertebrae with an angle of 15 degrees to the cross section

(B & B’). The rods and nuts were then installed tightly. The screw shafts in the fractured vertebra would upwarp the compressed vertebra by

paralleling the screw shafts in the adjacent vertebrae after fixing the screw-rod system (C & C’).

failure especially at the junction between the screw head
and the shaft (20-22). In contrast, monoaxial screws with
incorporated screw and shaft result in a stiffer construct and
reduced von Mises stress on the screw (23). Compared with
polyaxial pedicle screws, monoaxial pedicle screws inserted
in the fractured vertebra show higher stability in flexion and
extension of the spine (11). In addition, monoaxial screws
show improved uplift and restoration of the collapsed
upper endplate, thereby allowing for superior repair of the
injured intervertebral disc. In our experience, the pedicle

© Annals of Translational Medicine. All rights reserved.

screws are inserted into the injured vertebra at an antero-
inferior angle of 30 degrees to the cross section, and into
the supero-inferior vertebrae with an angle of 15 degrees
to the cross section (as shown in Figure 4). The rods and
nuts are then installed tightly. Thus, the screw shafts in the
fractured vertebra would upwarp the compressed vertebra
by paralleling the screw shafts in the adjacent vertebrae
after fixing the screw-rod system. Compared with polyaxial
pedicle screws, monoaxial pedicle screws with greater lever
effect played a more important role in this procedure. This
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may explain the significantly decreased prevertebral height
ratio and normal-to-injured vertebral height ratio at last
follow-up in the monoaxial group.

There were several limitations in this study. First, it
was a retrospective study with a small sample. Second,
patient parameters were collected from 6 years of clinical
data. However, the materials used for surgical implants
may not have been tightly controlled, and this may lead
to clinical heterogeneity and data bias. Third, patient-
reported outcomes (PROs) were not documented and the
association between PROs and radiographic parameters
was not analyzed. Radiographic data may assist surgeons
in optimizing surgical manipulations to improve quality of
life. Therefore, a prospective study with more elaborate
protocols will be beneficial for the development of
improved techniques in thoracolumbar short-segment
posterior fixation.

Conclusions

Both monoaxial and polyaxial pedicle screws when placed
in thoracolumbar fractured vertebra for short-segment
posterior fixation improve compressed vertebral height.
However, compared with the polyaxial pedicle screw, the
monoaxial pedicle screw offered stronger leverage which is
more beneficial for restoring injured vertebral height and
the recovery of the damaged endplate in thoracolumbar
short-segment posterior fixation.
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