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aDepartment of orthopedics, Hospital of Chengdu university of traditional Chinese Medicine, Chengdu, sichuan Province, China; bDepartment 
of Critical Medicine, Hospital of Chengdu university of traditional Chinese Medicine, Chengdu, sichuan Province, China; csichuan academy of 
Chinese Medicine sciences, Chengdu, China

ABSTRACT
Purpose:  to compare the clinical and radiological results of the anterior approach versus the 
posterior approach versus the anterior–posterior approach for the treatment of thoracolumbar burst 
fractures.
Methods:  the network meta-analysis was performed in accordance with the PRiSMA Statement. 
electronic searches of PubMed and embase were conducted up to June 22, 2023, for relevant 
randomized controlled trials. StAtA13.0 was used to perform network meta-analysis. p < .05 was 
considered significant.
Results:  Nine Rcts with a total of 550 patients receiving surgical treatment in at least two of the 
three approaches, including anterior, posterior and anterior–posterior approaches, were included. 
the surgical duration and intraoperative bleeding volume in the posterior approach were significantly 
lower than those in the anterior (SMD, −1.72; 95% ci, −2.82, −0.62) and anterior–posterior approaches 
(SMD, 3.33; 95% ci, 1.65, 5.00). the surgical duration in the anterior approach was significantly lower 
than that in the anterior–posterior approach (SMD, 1.61; 95% ci, 0.12, 3.10). the cobb angle in the 
anterior–posterior approach was significantly lower than that in the anterior approach (MD, −4.83; 
95% ci, −9.60, −0.05). the vAS score in the posterior approach was significantly higher than that in 
the anterior approach (MD, 0.85; 95% ci, 0.55, 1.16) and anterior–posterior approach (MD, −0.84; 
95% ci, −1.12, −0.55). No significant difference was identified among the three surgical approaches 
in implant failure rate and infection rate.
Conclusion:  All three approaches were safe approaches with advantages and disadvantages. the 
selection of surgical approaches for the treatment of thoracolumbar burst fractures may be 
individualized.

Introduction

The thoracolumbar vertebra was where two physiological 
arcs of the spine met. It is where the stress was concen-
trated. Therefore, thoracolumbar fractures account for 90% 
of spinal fractures [1–3]. Nonoperative treatment has been 
reported to have good results for the treatment of thoraco-
lumbar burst fractures without neurologic deficits [4]. 
Unstable thoracolumbar burst fractures lead to spinal canal 
stenosis and spinal cord injury [5]. Surgery should be per-
formed to relieve the pressure on the spinal cord and restore 
stability of the spine. However, at present, the ideal surgical 
treatment for unstable thoracolumbar burst fractures remains 
controversial [6]. The most suitable surgical approaches 
(anterior, posterior, or combined anterior–posterior) to treat 
unstable thoracolumbar burst fractures are still under debate 

[7–9]. Posterior pedicle screw fixation was better in the cor-
rection of kyphosis deformity. However, it is also associated 
with a high implant failure rate and incomplete spinal cord 
decompression [10–12]. In the meantime, anterior recon-
struction with instrumentation was associated with better 
results in decompression of the spinal canal [13]. Combined 
anterior–posterior surgery had the advantages of both ante-
rior and posterior surgery. In this case, an anterior–posterior 
approach was advocated. However, it is also accompanied by 
a longer surgical duration and more intraoperative bleeding 
volume [14]. These three approaches all have advantages and 
disadvantages. The aim of this network meta-analysis is to 
compare the clinical and radiological results of the anterior 
approach versus the posterior approach versus the anterior–
posterior approach for the treatment of thoracolumbar burst 
fractures.
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Materials and methods

Search strategy

The network meta-analysis was performed in accordance 
with the PRISMA Statement [15]. We comprehensively 
searched PubMed and Embase up to June 22, 2023, for rel-
evant randomized controlled trials. The keywords “thoraco-
lumbar” OR “thoraco-lumbar” AND “fracture(s)” AND 
“random*” AND “anterior” or “posterior” or “anterior–poste-
rior” or “anteroposterior” were used in the literature search 
in all fields, and no language restriction was applied. In the 
meantime, we reviewed reference lists of included articles for 
possibly relevant studies. Only published data were reviewed.

Inclusion and exclusion criteria

We systematically reviewed the relevant literature according 
to certain standards. Studies that met the following criteria 
were included: (1) patients clinically confirmed of fresh tho-
racolumbar burst fracture that needed surgical intervention; 
(2) studies comparing the clinical and radiological outcomes 
among at least two of the three surgical approaches (anterior 
approach, posterior approach and anterior–posterior 
approach) in treatment for thoracolumbar burst fracture; and 
(3) randomized or quasirandomized controlled trial. We 
excluded studies that met the following criteria: (1) papers 
that did not report at least two of the three relevant surgical 
approaches in the treatment of thoracolumbar burst fracture; 
(2) conference abstracts; (3) thoracolumbar burst fracture 
combined with dislocation; (4) systematic reviews or 
meta-analyses; (5) case reports; and (6) biomechanical studies.

Data extraction

Two authors independently reviewed the full texts of the 
included studies. The information we needed, including year 
of publication, basic characteristics of patients, Cobb angle, 
VAS score, surgical duration and intraoperative bleeding vol-
ume, infection rate, implant failure rate and follow-up 
period, were extracted in Excel.

Risk of bias assessment

The Detsky scale [16] is a reliable and consistent method to 
assess the methodological quality of randomized controlled 
trials and was used to assess the risk of bias of eligible 
studies independently by two authors. It consists of five 
domains: outcome, eligibility, randomization, therapy, and 
statistical analysis. Scores of less than 10, more than 11 but 
less than 15, and more than 16 were considered low quality, 
moderate quality and high quality, respectively.

Statistical analysis

STATA13.0 (StataCorp, Texas) was used to perform this net-
work meta-analysis. The Cobb angle and VAS score were 
analyzed using mean difference (MD) and 95% confidence 
intervals (CI). The standard mean difference (SMD) and 

95% CI were used to assess the surgical duration and intra-
operative bleeding volume. Dichotomous data, including 
infection rate and implant failure, were evaluated by relative 
risk (RR) and 95% CI. The small-study effects were evalu-
ated using the ‘netfunnel’ procedure. The global, loop and 
local inconsistencies were estimated using ‘network meta i’, 
‘ifplot’ and ‘node-splitting’ procedures, respectively. If there 
was no source of heterogeneity found, a fixed model was 
applied. Otherwise, a random model was performed. The 
network of comparisons was obtained by using the ‘network 
map’ procedure. The ‘sucra’ procedure was performed to 
rank the three surgical approaches through the value of the 
surface under the cumulative ranking curve (SUCRA). p < .05 
was considered significant.

Result

Identification of relevant studies

We identified 398 studies by searching PubMed and Embase. 
After removing duplicate studies, 251 articles were retrieved. 
There were 222 unrelated studies, 12 reviews, 2 conference 
abstracts, 2 biomechanical studies, and 2 noncomparative 
studies excluded. One RCT [17] was excluded due to report-
ing old thoracolumbar fractures. One RCT [18] was excluded, 
since the patients had not only simple fractures but also com-
bined dislocations. Eventually, nine studies [2,19–26] were eli-
gible for the network meta-analysis. A flow diagram of the 
literature review of relevant studies is shown in Figure 1.

Characteristics of the included studies and risk of bias 
assessment

Nine RCTs with a total of 550 patients randomized to receive 
one of the three surgical approaches in treating thoracolumbar 
burst fractures were identified. The basic characteristics of the 
patients are presented in Table 1. There were 240 patients treated 
with the anterior approach, 208 patients with the posterior 
approach and 102 patients with the anterior–posterior approach. 
Each included study was evaluated according to the Detsky 
scale, which is shown in Table 2. The mean score (range from 
8 to 20) of all included RCTs was 15.3. All comparisons within 
the network meta-analysis are shown in Figure 2.

Inconsistency test

The comparison-adjusted funnel plot in Figure 3 shows that 
no significant asymmetry to the middle line was found, 
which indicates that no small-study effects were found in 
our network meta-analysis. Figure 4 indicates that the CIs 
of the included studies are compatible with 0.

Meta-analysis of outcomes

Surgical duration

Five included RCTs reported surgical duration. A total of 
174 patients, 113 patients and 81 patients were randomly 
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assigned to the anterior approach group, posterior 
approach group and anterior–posterior group, respec-
tively. The mean surgical duration was 168.2 min in the 
anterior approach group, 141.3 min in the posterior 
approach group and 172.4 min in the anterior–posterior 
approach group. The surgical duration in the posterior 
approach group was significantly lower than that in the 
anterior approach group (SMD, −1.72; 95% CI, −2.82, 
−0.62) and anterior–posterior approach group (SMD, 
3.33; 95% CI, 1.65, 5.00). The surgical duration in the 

anterior approach group was significantly lower than that 
in the anterior–posterior approach group (SMD, 1.61; 
95% CI, 0.12, 3.10). The forest plot is shown in Figure 5. 
The SUCRA probabilities of the anterior approach 
(49.1%), posterior approach (100.0%) and anterior–poste-
rior approach (0.9%) are presented in Figure 6.

Intraoperative bleeding volume

The intraoperative bleeding volume was reported in six 
included RCTs. A total of 174 patients were randomly 
assigned to the anterior approach group, 126 patients to the 
posterior approach group and 95 patients to the anterior–
posterior group. The intraoperative bleeding volumes were 
586.0 ml, 382.5 ml, and 697.9 ml for the anterior approach, 
posterior approach and anterior–posterior approach, respec-
tively. The intraoperative bleeding volume in the posterior 
approach group was significantly lower than that in the 
anterior approach group (SMD, −1.36; 95% CI, −2.52, −0.21) 
and anterior–posterior group (SMD, 2.39; 95% CI, 0.91, 
3.86). No significant difference was found between the ante-
rior approach group and the anterior–posterior approach 
group (SMD, 1.02; 95% CI, −0.43, 2.48). The forest plot is 
shown in Figure 5. In addition, the SUCRA probabilities of 
the anterior approach, posterior approach and anterior–pos-
terior approach, which are shown in Figure 6, were 46.7%, 
99.5% and 0.3.8%, respectively.

Cobb angle

The Cobb angle at the last follow-up was reported in all 
eight included RCTs. A total of 224 patients were randomly 
assigned to the anterior approach group, 186 patients to 
the posterior approach group and 102 patients to the ante-
rior–posterior group. The Cobb angles were 13.95°, 13.06° 
and 5.22° for the anterior approach, posterior approach 
and anterior–posterior approach, respectively. The Cobb 
angle in the anterior–posterior approach group was signifi-
cantly lower than that in the anterior approach group (MD, 
−4.83; 95% CI, −9.60, −0.05). No significant difference was 
identified between the anterior approach group and poste-
rior approach group (MD, −1.98; 95% CI, −5.65, 1.69) or 
between the posterior approach group and anterior–poste-
rior group (MD, −2.04; 95% CI, −7.48, 1.79) in Cobb angle 

Table 1. Patient and study characteristics of the included studies in the network meta-analysis.

study year Country treatment
sample 

size Mean age gender(M:f) follow-up(month) outcomes

esses et  al. [2] 1990 Canada a vs P 18:22 34.8/34.2 13:5/12:10 20.1(12-34) 5
gumussuyu et  al. 

[19]
2019 turkey P vs aP 13:14 40 ± 10.3/37.0 ± 14.2 3:10/5:9 117.7 ± 8.7 2,3,4,5,6

Jiang et  al. [20] 2019 China a vs P 40:40 ns ns 6 1,2,3
li et  al. [21] 2016 China a vs P 50:50 32.48 ± 9.63/36.25 ± 10.23 24:26/26:24 1 3
lin et  al. [22] 2011 China a vs P 32:32 37.8 ± 5.8/39.3 ± 7.5 14:18/16:16 46.5 ± 14.2/43.7 ± 13.6 1,2,3,4
scholz et  al. [23] 2018 germany P vs aP 10:7 48.9(22-64)/42.7(25-61) 5:5/4:3 24 3
Wang et  al. [24] 2015 China a vs P vs 

aP
22:23:21 37.2 ± 11.4/40.5 ± 13.5/41.2 ± 12.9 14:8/15:8/16:5 73 ± 7.8/69 ± 9.1/71 ± 8.9 1,2,3,4,5,6

Wood et  al. [25] 2005 american a vs P 20:18 39(18-56)/42(19-68) 12:8/13:5 43.5(24-108) 1,2,3,4,5,6
Zhang et  al. [26] 2022 China a vs aP 60:60 45.26 ± 4.09/45.37 ± 4.24 29:31/35:25 2 1,2,3

note: ns: not specified; a anterior approach; P posterior approach; aP combined anterior-posterior approach. outcomes: 1: surgical duration 2: intraoperative 
bleeding volume 3: Cobb angle 4: vas score 5: Implant failure rate 6: infection rate.

Figure 1. a flow diagram of study selection.
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at the last follow-up. The forest plot is shown in Figure 5. 
In addition, the SUCRA probabilities of the anterior 
approach, posterior approach and anterior–posterior 
approach, which are shown in Figure 6, were 8.6%, 48.5% 
and 92.9%, respectively.

VAS score

Only three included RCTs reported VAS scores at the last 
follow-up. A total of 42 patients, 54 patients and 35 
patients were randomly assigned to the anterior approach 

Table 2. Detsky quality scores of the included randomized controlled trials.

Item esses [2] lin [22] Wood[25] Wang[24]
gumussuyu 

[19] Jiang [20] li [21]
scholz 

[23]
Zhang 

[26]

randomization Were the patients assigned 
randomly?

1 1 1 1 1 1 1 1 1

Description of randomization 0 1 1 2 2 0 2 2 1
Do you believe there could 

have been bias in treatment 
assignment?

0 0 0 1 1 0 1 1 0

outcome Was there a description of the 
criteria for measuring 
outcomes?

1 1 1 1 1 1 1 1 1

Were the criteria objective? 2 2 2 2 2 1 2 2 1
Were outcome assessors blind 

to treatment?
0 0 0 1 0 0 0 1 0

eligibility Were inclusion/exclusion criteria 
clearly defined?

0 2 2 2 2 1 2 2 2

Do you know how many 
patients were excluded from 
the trial?

2 0 2 2 2 0 2 2 0

therapy Was the therapeutic regimen 
fully described for the 
treatment group?

2 2 2 2 2 1 2 2 2

Was the therapeutic regimen 
fully described for the 
control group?

2 2 2 2 2 1 2 2 2

statistical analysis Was there a statistical analysis? 
(test stated and P value)

1 1 1 1 1 0 0 1 2

Was the statistical analysis 
appropriate?

1 2 2 2 2 2 2 2 2

If the trial was negative, were 
confidence intervals or post 
hoc power calculations 
performed?

0 0 0 0 0 0 0 0 0

Was there a sample size 
justification before the 
study?

0 0 0 0 0 0 0 1 0

total score 12 14 16 19 18 8 17 20 14

Figure 2. network of the comparisons for the Bayesian network meta-analysis. note: 1: anterior approach; 2: posterior approach; 3: anterior-posterior approach.
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group, posterior approach group and anterior–posterior 
group, respectively. The mean VAS scores in the anterior, 
posterior and anterior–posterior approach groups were 
1.91, 2.44 and 1.36, respectively. No source of heterogene-
ity was identified. A fixed model was applied in the anal-
ysis. The VAS score in the posterior approach group was 
significantly higher than that in the anterior approach 
group (MD, 0.85; 95% CI, 0.55, 1.16) and anterior–poste-
rior approach group (MD, −0.84; 95% CI, −1.12, −0.55). 
No significant difference was found in the VAS score 
between the anterior approach group and the anterior–
posterior approach group (MD, 0.02; 95% CI, −0.25, 0.28). 
The forest plot is shown in Figure 5. The SUCRA proba-
bilities of the anterior approach (77.4%), posterior 
approach (0%) and anterior–posterior approach (72.6%) 
are presented in Figure 6.

Implant failure rate

Five included RCTs reported the implant failure rate at the 
last follow-up. A total of 92 patients, 108 patients and 21 
patients were randomly assigned to the anterior approach 
group, posterior approach group and anterior–posterior 
group, respectively. The mean implant failure rates in the 
anterior, posterior and anterior–posterior approach groups 
were 2.2%, 7.4% and 0%, respectively. No significant differ-
ence was found between the anterior approach group and 
posterior approach group (MD, 1.94; 95% CI, 0.48, 7.95), 
posterior approach group and anterior–posterior approach 
group (MD, 0.41; 95% CI, 0.04, 4.30), or anterior approach 
group and anterior–posterior approach group (MD, 0.79; 
95% CI, 0.05, 12.11). The forest plot is shown in Figure 5. 
The SUCRA probabilities of the anterior approach (64.1%), 

Figure 3. funnel plot of this network meta-analysis. note: 1: anterior approach; 2: posterior approach; 3: anterior-posterior approach.

Figure 4. loop inconsistency plot of this network meta-analysis. note: 1: anterior approach; 2: posterior approach; 3: anterior-posterior approach.
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posterior approach (20.6%) and anterior–posterior approach 
(65.3%) are presented in Figure 6.

Infection rate

Only three included RCTs reported the infection rate at the 
last follow-up. A total of 42 patients, 54 patients and 35 
patients were randomly assigned to the anterior approach 
group, posterior approach group and anterior–posterior 
group, respectively. The mean infection rates in the anterior, 
posterior and anterior–posterior approach groups were 0%, 
3.7% and 8.6%, respectively. No source of heterogeneity was 
identified. A fixed model was applied in the analysis. No 
significant difference was found in the infection rate between 

the anterior approach group and posterior approach group 
(MD, 2.96; 95% CI, 0.33, 26.73), anterior approach group 
and anterior–posterior approach group (MD, 5.96; 95% CI, 
0.56, 63.95), and posterior approach group and anterior–pos-
terior approach group (MD, 2.01; 95% CI, 0.41, 9.95). The 
forest plot is shown in Figure 5. The SUCRA probabilities of 
the anterior approach (87.9%), posterior approach (48.3%) 
and anterior–posterior approach (13.8%) are presented in 
Figure 6.

Discussion

In this network meta-analysis, we found that the anterior–
posterior approach was more effective than the anterior 

Figure 5. forest Interval plot of this network meta-analysis. note: 1 = a: anterior approach; 2 = B: posterior approach; 3 = C: anterior-posterior approach.

Figure 6. suCra of this network meta-analysis. note: 1: anterior approach; 2: posterior approach; 3: anterior-posterior approach.
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approach and posterior approach in the correction of kypho-
sis. Although the difference between the anterior and poste-
rior approaches was not significant, the SUCRA probabilities 
of the Cobb angle in the posterior group were higher than 
those in the anterior group. One of the goals of surgical 
treatment is correction of kyphotic deformity and stabiliza-
tion of the spine. Kyphotic deformities can be effectively 
corrected by pedicle screw fixation and prebending rods 
[27]. A retrospective study conducted by Tan et  al. [28] 
found that sagittal correction was better achieved with the 
posterior approach than with the anterior approach in the 
treatment of flexion-distraction thoracolumbar burst frac-
tures at the six-month follow-up. An analysis reported by 
Safdari et  al. [29] of 273 patients with thoracolumbar frac-
tures who underwent posterior surgery showed that poste-
rior surgery was effective in improving kyphosis.

There was no significant difference in the comparisons of 
implant failure rate among all groups. The SUCRA probabili-
ties of the implant failure rate, ranking from highest to lowest, 
were as follows: anterior–posterior approach, anterior approach 
and posterior approach. The greater the kyphosis was cor-
rected, the greater the stress on the pedicle screw and rod. 
This could be the reason why posterior pedicle screw fixation 
is associated with a higher implant failure rate [30].

Our network meta-analysis indicated that the rank of 
treatment regarding decreasing surgical duration and intra-
operative bleeding volume was as follows: posterior approach, 
anterior approach and anterior–posterior approach. The 
anterior–posterior approach was associated with higher hos-
pitalization costs and longer hospital stays [24], which may 
increase the risk. The anterior approach was also associated 
with higher hospitalization costs than the posterior approach 
[24]. Smits et  al. [31] recommended that an anterior–poste-
rior approach with a cage should be performed for the treat-
ment of highly unstable thoracolumbar burst fractures to 
prevent loss of sagittal correction. A short surgical duration 
and less intraoperative bleeding volume in the posterior 
approach should lead to a low infection rate. No difference 
was found in the infection rate among the three surgical 
approaches. However, the SUCRA probabilities of the infec-
tion rate, ranking from highest to lowest, were as follows: 
anterior approach, posterior approach and anterior–posterior 
approach. The increasing stress on the posterior pedicle 
screw and rod would lead to decreased stability. Eventually, 
poor healing of the surrounding soft tissue and muscles 
occurred.

In terms of the VAS score, the anterior and anterior–
posterior approaches had better outcomes than the poste-
rior approach, and the ranking of treatment was anterior 
approach, anterior–posterior approach and posterior 
approach. From the above, the anterior approach and ante-
rior–posterior approach are both associated with better clin-
ical results than the posterior approach. Posterior fixation 
has been a popular method to reduce fractured vertebral 
bodies and decompression of neurological structures by 
indirect methods in treating thoracolumbar burst fractures 
[32]. The anterior approach can achieve direct and complete 
decompression of the spinal canal compared to the poste-
rior approach, which offers a better chance of neurological 

improvement than the posterior approach [20]. Other stud-
ies [22] indicated that the posterior approach with indirect 
decompression was usually effective, and no difference was 
found between direct and indirect decompression in neuro-
logical improvement. However, Li et  al. [21] demonstrated 
that the ASIA light tactile score and motor score in the 
posterior approach group were significantly higher than 
those in the anterior approach group. That question remains 
controversial. More RCTs comparing the neurological 
improvement of different surgical approaches for the treat-
ment of thoracolumbar burst fractures are needed. In addi-
tion, some studies [22] have demonstrated that the operative 
risk of the anterior approach is relatively higher than that 
of the posterior approach, while another study [25] found 
that the anterior approach was associated with fewer com-
plications than the posterior approach.

There was a published network meta-analysis [8] of sim-
ilar topic of our study. But that meta-analysis may have 
some problems. All prospective, retrospective cohort studies 
and RCTs were also included in this study, which could 
result in a large bias. Only studies reported in English and 
Spanish were included. Some articles which meet the inclu-
sion criteria was left out. There were also some cohort stud-
ies wrongly identified as RCTs in this study. What’s more, 
some studies were excluded because the reports could not be 
retrieved. Based on those conditions, the results and conclu-
sion of that published network meta-analysis are not credi-
ble. We only included RCTs in our study. No language 
restriction was applied in our study. The results and conclu-
sion of our study were different from that published study. 
We believe that our meta-analysis has more value in guiding 
clinical practice.

Strengths and weaknesses

There were some strengths in this network meta-analysis: 
(1) only randomized controlled trials were included in our 
network meta-analysis; (2) we used a combination of key-
words in all fields in our search to minimize the possibilities 
of publication bias; (3) the article referred to the results of 
direct and indirect comparisons; (4) we performed Bayesian 
network meta-analysis to compare three surgical approaches 
for thoracolumbar burst fractures; and (5) we used posterior 
probabilities of outcomes and SUCRA to distinguish the dif-
ferences among three surgical approaches. However, this net-
work meta-analysis has several limitations that should be 
acknowledged: (1) only nine studies (a total of 550 patients) 
were included in our network meta-analysis; thus, the sam-
ple size was relatively small. (2) The follow-up period of 
some included studies was short. Thus, more RCTs with 
long-term follow-up are needed to demonstrate the conclu-
sion of this meta-analysis.

Conclusion

All three approaches were safe approaches with advantages and 
disadvantages. The selection of surgical approaches for the treat-
ment of thoracolumbar burst fractures may be individualized. A 
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posterior approach may be performed for patients with severe 
kyphotic deformities. An anterior approach may be selected for 
patients with severe symptom. An anterior–posterior approach 
may be chosen for the treatment of patients with both severe 
kyphotic deformity and severe symptom.
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