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Abstract: Objective: To explore the efficacy of pedicle screw fixation (PSF) combined with posterior decompression 
and bone grafting for thoracolumbar spinal fractures (TLSFs) and its influence on spinal cord function. Methods: 
In this retrospective study, 94 patients with TLSFs treated in the China-Japan Friendship Hospital rom June 2015 
and September 2020 were selected, including 53 cases in the joint group treated with PSF combined with posterior 
decompression and bone grafting, and 41 cases in the control group with PSF alone. The two groups were compared 
in terms of operation time, intra-operational blood loss, length of hospital stay and wound healing as well as the 
pre- and post-treatment spinal cord function, and patients’ clinical outcomes. Pre- and post-operatively, the pain se-
verity was evaluated by the Visual Analogue Scale (VAS), the spinal dysfunction was assessed by Oswestry Disability 
Index (ODI), and the injured vertebral height and Cobb angles of the thoracolumbar spine (TLS) were compared. The 
clinical efficacy and postoperative complication rates of the two groups were observed and compared. Results: Less 
operative time, intraoperative bleeding, hospitalization time and wound healing time were determined in the joint 
group compared with the control group (all P<0.05). The postoperative sensory function and motor function were 
also better in the joint group (all P<0.05). Postoperatively, the joint group showed lower VAS and ODI scores than in 
the control group, with lower upper and lower TLS Cobb angles, and higher height of the anterior and posterior mar-
gins of the fractured vertebra (all P<0.05). The total effective rate was higher, and the incidence of postoperative 
complications was significantly lower in the joint group compared with the control group. Conclusion: PSF combined 
with posterior decompression and bone grafting is effective in the treatment of TLSFs, which can not only signifi-
cantly improve the spinal cord function and alleviate spinal dysfunction, but also help to relieve pain and reduce 
postoperative complications. 
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Introduction

Thoracolumbar (TL) spinal fractures (TLSFs) are 
a kind of spinal damage caused by continuous 
thoracolumbar spine (TLS) destruction due to 
external force [1]. Because of the particularity 
of spine function and location, TLSFs are often 
combined with neurological loss, as well as 
organ damage as most are caused by high-
energy injuries [2]. Moreover, the resulting spi-
nal canal deviation not only easily oppresses 
the spinal cord (SC) and nerve roots, but also 
leads to symptoms such as pain and dyskinesia 
of the spine, seriously reducing the quality of 

life of patients [3]. Clinically, TLSFs are mostly 
treated by surgery, which can accurately reduce 
and decompress the affected part, thus allevi-
ating SC injury to the greatest extent and 
improving related functions [4]. In this study, 
pedicle screw fixation (PSF) combined with  
posterior decompression and bone grafting 
was used for the intervention of TLSFs to 
observe its curative effects. 

PSF is a surgical procedure commonly used  
in clinical practice to treat spinal fractures, 
which can fix the spine at multiple segments, 
improve spinal stability, and restore the bio- 
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mechanical function of the spine, but it cannot 
improve the SC function of patients [5]. More- 
over, after the procedure, most patients ex- 
perience some adverse reactions, such as loss 
of corrected height [6]. Research has also 
shown that although PSF can achieve strong 
fixation and satisfactory reduction, it can only 
provide temporary relief and mechanical sup-
port and is difficult to effectively promote the 
bone healing of fractured vertebral bodies [7]. 
Therefore, it is necessary to combine clinical 
treatment with other operations to strengthen 
the stability of the patient’s spine, maintain the 
fracture reduction, and effectively promote the 
healing of the fracture site, thereby avoiding 
vertebral height loss and back pain [8]. Po- 
sterior decompression and bone grafting is a 
simple operation with little trauma, with easy 
removal of internal fixation after healing, and  
it has a large operating field, which is suitable 
and safe for the treatment of critical patients 
with conditions such as spinal fractures [9]. 
Studies have shown that this procedure has  
the advantages of less surgical invasion, good 
kyphosis correction effect and low incidence  
of complications. Posterior decompression and 
bone grafting can also be used for debride- 
ment and interbody fusion at a limited angle 
[10]. 

In this research, PSF combined with posterior 
decompression and bone grafting was intro-
duced to treat TLSFs, and the effects of the 
combination of the two methods, as well as  
PSF alone, for patients’ healing and SC func- 
tion were observed.

Data and methods

General case data

This retrospective research recruited 94 
patients with TLSFs who visited the China-
Japan Friendship Hospital between June 2015 
and September 2020, including 53 cases in 
the joint group treated with PSF combined with 
posterior decompression and bone grafting, 
and 41 cases in the control group intervened  
by PSF alone. Ethical approval had been 
obtained from the Hospital Academic Ethics 
Committee, and the informed consent was 
signed by patients before sampling. Inclusion 
criteria: all patients were diagnosed as having 
TLSFs by X-ray imaging and were treatment 
naive [11]; patients could correctly understand 
and answer the relevant content of the ques-

tionnaire scale; patients with tolerance for sur-
gical treatment, complete general clinical data, 
no recent use of drugs that might affect the 
results of this study, and no serious medical 
diseases. Exclusion criteria: patients with co- 
agulopathy, hemorrhagic disease, autoimmune 
disease, systemic infection, severe osteoporo-
sis or other orthopedic diseases; patients who 
did not cooperate; patients who quit or were 
lost to follow-ups; or pregnant or lactating 
patients.

Surgical methods

Both groups were operated under general 
anesthesia.

After anesthesia, patients in the control group 
were placed in a prone position, and an inci- 
sion was made in the middle of the back with 
the fractured vertebra as the center, followed 
by incision of the subcutaneous tissues. A pe- 
riosteum stripper was used for blunt dissec- 
tion of paravertebral muscles against the spi-
nous process and bilateral laminae, so that  
the laminae and facet joints of the injured ver-
tebral body and its upper and lower vertebrae 
are exposed. Then, appropriate pedicle screws 
were placed along the upper and lower pedi- 
cles of the injured vertebra. After X-ray 
(Shanghai Biodriver Biotechnology Company, 
China, XCELL160 XRay) fluoroscopy confirma-
tion of good internal fixation, bilateral titanium 
rods were installed, which were gradually and 
slowly spread alternately to restore the height 
of the injured vertebral body. Then, the nuts 
were tightened, and the vertebral lamina on 
one side of the injured vertebra was bitten off, 
with attention paid to the protection of the 
dural sac and nerve roots. Under direct vision, 
the fractured fragments protruding into the  
spinal canal were pressed and reduced, and 
the SC compression at the injured vertebra  
was relieved. After X-ray fluoroscopy confirmed 
that the height of the injured vertebra was 
restored satisfactorily and the fracture block 
was well reduced, the transverse connecting 
rod was installed. After that, the wound was 
repeatedly rinsed with a large amount of nor-
mal saline (Beijing Pufee Biotech, China, 
PR0279), and the instruments and gauze were 
counted to ensure no operation errors. A dra- 
inage tube (Beijing Anteng Medical, China, 
anton3) was placed after confirming the ab- 
sence of active bleeding of the wound, and the 
incision was closed layer by layer. 
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On the basis of the operation in the control 
group, patients in the joint group were supple-
mented with the protection of the dura sac and 
nerve roots after pedicle screw placement, the 
examination of the injured vertebral canal, as 
well as the gradual excision of the fracture  
segments protruding into the vertebral canal, 
so as to decompress the bone marrow and 
nerve roots. Subtotal vertebral resection was 
performed for the injured vertebra with large 
fracture fragments protruding into the spinal 
canal or difficult reduction of the fracture frag-
ments. Intervertebral distraction and reduction 
were carried out upon the completion of spinal 
canal decompression. Then the fracture frag-
ments were cut into pieces and implanted into 
the injured vertebra, followed by moderate 
compression. 

For all patients, first-generation cephalosporin 
(Shanghai Fantai Biotech, China, FT-RS8409) 
was administered within 48 hours after opera-
tion to prevent infection. The drainage tube was 
removed on the 2nd postoperative day or when 
the drainage flow was lower than 50 ml/d. After 
the removal of the drainage tube, braces can 
be worn for gradual activities and rehabilita- 
tion exercises. The brace was worn for 6 weeks 
after surgery. X-ray reexamination was per-
formed at 1, 3 and 6 months postoperatively.

Blood sampling

Blood (5 mL) was drawn intravenously before 
and 5 weeks after surgery and sent to the  
laboratory for centrifugation, and the superna-
tant obtained was placed into anticoagulant 
tubes (Shanghai Keyuan Biotech, China, 36- 
7525) for testing within 6 h.

Endpoints

The primary endpoints were SC function, Visual 
Analogue Scale (VAS) score, upper and lower 
Cobb angles, heights of the anterior and po- 
sterior margins of the injured vertebra, curative 
effect, and incidence of postoperative compli-
cations, while secondary endpoints included 
operation status and Oswestry Disability Index 
(ODI) score. The methods of observation and 
evaluation of specific indicators are as follows: 

1. The operative time (OT), intraoperative blo- 
od loss (IBL), length of hospital stay (LOS), and 
wound healing time were evaluated. 

2. SC function: it was mainly assessed by mea-
suring the sensory function and motor func- 
tion of patients after operation. 

3. VAS [12] score: pain assessment was con-
ducted before and after surgery. The VAS score 
ranged from 0 to 10, with 0 indicating no pain 
and 10 indicating unbearable pain.

4. Patients were assessed for lumbar and leg 
pain before and after surgery with the ODI [13]. 
The scale had 10 items with a score range of 
0-100. Higher score indicate more severe spi-
nal dysfunction. 

5. The upper and lower Cobb angles of the TLS, 
as well as the heights of the anterior and po- 
sterior margins of the injured vertebra were re- 
corded before and after the operation. 

6. Response evaluation: Marked response: the 
patient’s postoperative lumbar pain and other 
symptoms disappeared, with normal lumbar 
motion and no impact on daily activities; Re- 
sponse: the postoperative symptoms, such as 
lumbar pain, were alleviated, with some certain 
lumbar movement limitation that would not 
affect daily activities; Non-response: the post-
operative lumbar pain became severe, with 
severe lumbar movement limitation that affe- 
cted daily activities. Overall response rate 
(ORR) = (marked response + response) cases/
total cases × 100%. 

7. Incidence of postoperative complications: 
the number of postoperative complications 
such as wound infection, screw loosening and 
spinal instability in the two groups of patients 
were observed and counted. 

Statistics and methods

SPSS 21.0 (SPSS, Inc., USA) was used for data 
analysis, while GraphPad Prism 6.0 (GraphPad 
Software Inc., USA) was adopted for figure  
rendering. A Chi-square test was used for the 
intra-group comparison of counting data de- 
noted by the number of cases/percentage [n 
(%)], and a Chi-Square Continuity Correction 
was further used when the theoretical frequen-
cy of the former test was <5. Measurement 
data represented by mean ± SD and were  
analyzed by the independent samples t-test 
between groups, and by the paired t-test with- 
in the group before and after surgery. P<0.05 
suggested the presence of significance.
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Results

General information

The two groups were non-significantly different 
in mean age, body mass index (BMI), smoking/
drinking history, cause of injury, fracture loca-
tion and other clinical baseline (all P>0.05). 
See Table 1 for details.

Comparison of general surgery conditions 

Less OT, IBL, LOS and wound healing time were 
required in the joint group as compared to the 

control group (all P<0.05). Please see Table 2 
for details.

Comparison of pre- and post-operative SC 
function

No statistical differences were found in senso-
ry function and motor function between the 
joint group and the control group preopera- 
tively (both P>0.05). Improvement of SC func-
tion was observed in both groups after surgery, 
with better sensory function and motor func-
tion in the joint group (both P<0.05, Table 3). 

Table 1. Comparison of general data [n (%)] (mean ± SD)
Classification Joint group (n=53) Control group (n=41) t/χ2 P 
Average age (years old) 49.85±3.43 48.82±4.25 1.300 0.197
Body mass index (kg/m2) 23.58±2.64 24.05±2.47 0.880 0.381
Smoking history 0.270 0.603
    Yes 23 (43.40) 20 (48.78)
    No 30 (56.60) 21 (51.22)
Drinking history 0.196 0.658
    Yes 27 (50.94) 19 (46.34)
    No 26 (49.06) 22 (53.66)
Cause of injury 0.424 0.809
    Falls 18 (33.96) 12 (29.27)
    Car accidents 20 (37.74) 15 (36.59)
    Crushes 15 (28.30) 14 (34.15)
Fracture site 1.005 0.605
    Thoracic fracture 12 (22.64) 13 (31.71)
    Lumbar fracture 17 (32.08) 11 (26.83)
    Thoracolumbar fracture 24 (45.28) 17 (41.46)

Table 2. Comparison of operation conditions (mean ± SD)

Groups n Operative time 
(min)

Intraoperative blood loss 
(mL)

Length of hospital stay 
(d)

Wound healing time 
(d)

Joint group 53 139.43±15.90 346.42±34.35 8.21±0.77 18.87±1.79
Control group 41 163.37±19.9 534.78±60.6 9.83±1.05 23.88±2.67
T - 6.485 19.035 8.631 10.870
P - <0.001 <0.001 <0.001 <0.001

Table 3. Comparison of spinal cord function before and after surgery (mean ± SD)

Groups
Sensory function Motor function

Before surgery After surgery Before surgery After surgery
Joint group (n=53) 30.43±3.09 69.36±5.91* 14.96±1.29 57.91±5.85*

Control group (n=41) 30.80±2.25 48.93±4.72* 15.32±1.31 34.78±3.80*

T 0.645 18.107 1.333 21.971
P 0.520 <0.001 0.186 <0.001
Note: *P<0.05 compared with preoperative level.
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Comparison of pre- and post-operative VAS 
scores 

Similarly, the pain assessed by the VAS differed 
insignificantly between groups before surgery 
(P>0.05) but decreased markedly in both co- 
horts after the treatment, with significantly  
better pain relief (lower VAS scores) in the  
joint group (P<0.05, Figure 1).

Comparison of pre- and post-operative ODI 
scores

The preoperative ODI score was not significant-
ly different between groups (P>0.05); while 
postoperatively, the ODI score improved mark-
edly in both cohorts and was lower in the joint 
group compared with the control group (P<0.05, 
Figure 2). 

Comparison of Cobb angle and injured verte-
bral height before and after surgery

Preoperatively, the two groups showed no dif-
ference in upper and lower TLS Cobb angles 
and anterior and posterior margin heights of 
the fractured vertebra (all P>0.05). After sur-

gery, both groups showed significant improve-
ments in the Cobb angle and the height of  
the injured vertebrae. Moreover, in comparison 
with the control group, the upper Cobb and 
lower Cobb angles were lower while the ante- 
rior and posterior margin heights of the injured 
vertebra were higher in the joint group (all 
P<0.05, Table 4). 

Comparison of postoperative clinical efficacy

The ORR of the joint group was 92.45%, which 
was significantly higher compared with the  
control group (78.05%) (P<0.05, Table 5). 

Incidence of postoperative complications in 
the two groups 

The postoperative complication rate in the joint 
group was 1.89%, which was statistically lower 
compared with the control group (14.63%) 
(P<0.05, Table 6). 

Discussion

TLSF is a common axial bone fracture, with 
approximately two thirds of the cases of it 

Figure 1. Comparison of pre- and post-operative VAS 
scores. Note: *P<0.05. VAS, Visual Analogue Scale.

Figure 2. Comparison of pre- and post-operative ODI 
scores. Note: *P<0.05. ODI, Oswestry Disability In-
dex. 
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occurring between T11 and L2 [14]. This dis-
ease not only destroys the structural integrity 
and stability of the vertebral body, but also  
easily causes SC and nerve injuries [15, 16], 
with high morbidity and disability rate. The- 
refore, for patients with TLSFs, effective mea-
sures must be taken in time to promote their 
recovery as soon as possible, so as to reduce 
the harm caused by complications [17]. 

With the continuous improvement of medical 
level, PSF is increasingly used in clinical prac-
tice with recognized surgical effects [18]. Al- 
though this surgical method can achieve firm 
fixation and satisfactory reduction, it is diffi- 
cult to effectively promote the bone healing  
of fractured vertebral body [19]. Therefore, in  
this study, posterior decompression and bone 
grafting was used for combination therapy, as 
bone grafting can effectively rebuild spinal sta-
bility, and prevents fracture and loosening of 
internal fixation, effectively promoting healing 
of the injured vertebral body, and reducing 

pared with the control group treated with a sin-
gle operation. TLSFs can compress the nerves 
of patients, resulting in trauma to the SC [21]. 
This study found that after treatment with PSF 
combined with posterior decompression and 
bone grafting, the sensory function and motor 
function of patients in the joint group improved 
more significantly than in the control group. It 
suggests that the combination treatment has 
good clinical effects, which can facilitate pa- 
tients’ recovery, effectively protect SC function, 
and relieve nerve compression. TLSFs can also 
induce severe local pain. Wang B reported that 
[22] PSF could effectively reduce postoperative 
VAS score and ODI score. Our research deter-
mined more markedly reduced VAS and ODI 
scores in the joint group compared with the 
control group. The reason may be that the com-
bination of the two can better play the role of 
muscle tension strap, maintain the stability of 
fracture reduction, and effectively promote the 
healing of the fracture site, thus alleviating the 
pain of patients. 

Table 4. Comparison of Cobb angle and injured vertebral height before and after surgery (mean ± SD)
Indexes Joint group (n=53) Control group (n=41) t P 
Upper Cobb angle (°) Before surgery 18.54±1.25 18.33±1.34 0.782 0.435

After surgery 11.72±1.05* 14.31±1.54* 9.682 <0.001
Lower Cobb angle (°) Before surgery 13.65±1.31 13.32±1.24 1.240 0.218

After surgery 8.25±0.87* 10.35±1.36* 9.097 <0.001
Anterior margin height of the 
fractured vertebra (mm)

Before surgery 64.25±6.17 64.18±6.23 0.054 0.957
After surgery 88.26±8.33* 77.65±7.28* 6.465 <0.001

Posterior margin height of 
the fractured vertebra (mm)

Before surgery 71.28±6.97 71.22±7.03 0.041 0.967
After surgery 92.44±9.25* 82.36±8.13* 5.520 <0.001

Note: *P<0.05 compared with preoperative level.

Table 5. Comparison of postoperative clinical efficacy [n (%)]
Groups Marked response Response Non-response Total response rate (%)
Joint group (n=53) 30 (56.60) 19 (35.85) 4 (7.55) 49 (92.45)
Control group (n=41) 12 (29.27) 20 (48.78) 9 (21.95) 32 (78.05)
χ2 - - - 4.025
P - - - 0.044

Table 6. Incidence of postoperative complications in the two groups  
[n (%)]
Groups Joint group (n=53) Control group (n=41) χ2 P
Wound infection 1 (1.89) 2 (4.88) - -
Screw loosening 0 (0.00) 3 (7.32) - -
Spinal instability 0 (0.00) 1 (1.44) - -
Total incidence 1 (1.89) 6 (14.63) 5.450 0.020

nerve compression [20]. 
Our results revealed mark-
edly less OT, IBL, LOS and 
wound healing time in the 
joint group, indicating that 
the combination of the two 
can effectively reduce sur-
gical trauma and postop-
erative recovery time com-
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The TL segment is the turning point between 
the lumbar spine and the thoracic vertebra, 
which when fractured is associated with SC 
injury under the action of external force, re- 
sulting in nerve compression and loss of the 
bearing capacity of the spine [23]. Clinical tre- 
atment aims to provide spinal reduction and 
effective decompression and stabilization [24]. 
However, the research of Li Q showed [25] that 
traditional PSF for TL fractures would lead to 
vertebral height loss, kyphosis recurrence, 
fracture or mechanical loosening. While after 
applying PSF combined with posterior decom-
pression and bone grafting in the joint group, 
the upper and lower TLS Cobb angles were 
found to be statistically lower compared with 
the control group, while the heights of the  
anterior and posterior margins of the injured 
vertebra were significantly higher. This shows 
that PSF only serves as a temporary and 
mechanical support, with little effect on pro-
moting bone healing of the fractured vertebral 
body. Its combination with posterior decom-
pression and bone grafting, on the other hand, 
can effectively avoid the loosening or fracture 
of internal fixation; in addition, bone grafting in 
the vertebral body can fill bone fragments to 
rebuild the stability of the spine, which not  
only reduces the compression of spinal nerves, 
but also effectively achieves the purpose of 
restoring the height of the anterior edge of  
the vertebral body. Moreover, the ORR was 
higher, and the incidence of postoperative  
complications was lower in the joint group  
compared with the control group, indicating 
that PSF combined with posterior decompres-
sion and bone grafting can effectively avoid  
the loosening and fracture of internal fixation, 
rebuild spinal stability, and reduce the com-
pression of injured vertebrae on nerves, with 
good therapeutic effects and high safety. 

The innovation of this study includes: ① From 
the aspects of OT, IBL, LOS, wound healing 
time, curative effect and postoperative compli-
cation rate, it is confirmed that PSF combined 
with posterior decompression and bone graft-
ing has significantly better surgical effect and 
total effective rate, with high safety; ② It con-
firmed the positive effect of the combined  
therapy from the perspectives of SC function, 
VAS, ODI score, upper and lower cobb angles, 
and heights of anterior and posterior margins 
of the injured vertebra, which provides a reli-

able clinical basis for the optimization of treat-
ment selection and postoperative rehabilita-
tion of such patients. 

But this research still has some room for 
improvement. For example, we can refine the 
research design by supplementing basic ex- 
periments on the therapeutic mechanisms of 
the two treatments to explore the risk factors 
that influence patient outcomes at the mole- 
cular level. In addition, the quality of life of 
patients, patient satisfaction, and treatment 
costs can also be investigated. 

Conclusively, PSF combined with posterior de- 
compression and bone grafting is effective in 
treating TLSFs, which can significantly improve 
the SC function, alleviate spinal dysfunction, 
and help to relieve pain. 
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