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ABSTRACT

Background: Traumatic thoracolumbar fracture fixation without neurological injury can be performed using the
traditional open, mini-open Wiltse, and percutaneous approaches. This systematic review and meta-analysis aims
to compare perioperative outcomes between these approaches.

Methods: PubMed, Web of Science, Scopus, Embase, and the Cochrane Library were searched for all relevant
observational comparative studies.

Results: 5 randomized trials and 22 comparative cohort studies were included. Compared to the traditional open
approach (n=959), the Wiltse approach (n=410) was associated with significantly lower operative time, intra-
operative estimated blood loss (EBL), and length of stay (LOS). There was no significant difference between
the two in terms of postoperative visual analog scale (VAS) and Cobb angle. Compared to the percutaneous
approach (n=980), the Wiltse approach was associated with shorter operative and fluoroscopy time, as well as
significantly improved Cobb and vertebral body angles. The percutaneous approach was associated with improved
vertebral body height. There was no significant difference between the two for blood loss, postoperative VAS, or
LOS. Compared to the traditional open approach, the percutaneous approach was associated with shorter oper-
ative time, lower EBL, shorter LOS and better postoperative VAS and Oswestry Disability Index. There was no
difference between the two in postoperative Cobb angle, vertebral angle, or vertebral body height. Overall study
heterogeneity was high.

Conclusions: Utilization of minimally invasive surgical approaches holds great promise for lowering patient mor-
bidity and optimizing care. A prospective trial is needed to assess outcomes and guide surgical decision making.
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Background

Surgical management of traumatic spinal fractures commonly in-
cludes fixation of the fractured vertebra and stabilization of the spine
[1]. Three primary invasive surgical approaches exist for the treatment
of traumatic thoracolumbar spine fractures (TTSFs): the traditional open
approach, the mini-open Wiltse approach, and the percutaneous ap-
proach. The traditional approach is the most invasive, and involves sur-
gical fixation of the fractured spine, typically using pedicle screw fix-
ation via posterior access [2]. The less invasive mini-open Wiltse ap-
proach, proposed in 1968, is a paraspinal approach, in which the sur-
geon accesses the fractured spine in between the multifidus and longis-
simus muscles [3]. The approach is thought to decrease intraoperative
bleeding and surgical trauma by maintaining posterior ligament com-
plex (PLC) integrity [4]. The percutaneous approach was proposed less
than a decade later, eliminating the need for major surgical incisions
all together [5]. Both the mini-open Wiltse and the percutaneous ap-
proaches have proven safe and effective in treating traumatic spinal
trauma [6].

To the best of our knowledge, no study in the literature has directly
compared these 3 approaches to TTSF surgical management. The aim
of this study is to perform a systematic review and meta-analysis on
this subject to compare the conventional open, the Wiltse, and the per-
cutaneous approach to traumatic TTSF repair with specific attention to
intraoperative and postoperative outcomes.

Methods
Literature search

A systematic literature search was performed on April 1, 2023, in ac-
cordance with the Preferred Reporting Items for Systematic Reviews and

Studies included in review: N = 27
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Meta-Analyses (PRISMA) guidelines to identify all comparative analyses
on the management of TTSF using these 3 approaches [7]. We queried
PubMed MEDLINE, Web of Science, Embase, Scopus, and the Cochrane
Library for the terms “Wiltse,” “open,” “percutaneous,” “spine,” and
“trauma” with appropriate Boolean operators and retrieved all articles
from inception.

” @ ” o«

Inclusion and exclusion criteria

Controlled trials and comparative studies were included if they dis-
cussed TTSF with a minimum of 1 year follow-up. Studies were excluded
from our analysis if the procedure being studied was a posterior lumbar
interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF),
corpectomy, or spondylectomy. Additionally, studies were excluded if
they were not written in English, did not contain a comparison between
at least 2 groups, or if they included patients with neurologic deficits.
The references of all included studies were examined to identify any
additional studies that were not captured by our initial search strat-
egy. Duplicate studies were removed, and those that met our inclusion
criteria were read thoroughly and assessed for eligibility by our team
(Fig. 1).

Data collection and outcomes

Variables extracted from each study included sample size, age, sex,
operative approaches, and operative time, as well as outcomes includ-
ing hospital length of stay (days), total blood loss (millilitres), incision
length (cm), intraoperative fluoroscopy time (seconds), radiographic
outcomes, pain measures, and complications.

Duplicate records removed:
N = 1223

Records excluded during title
and abstract screen: N = 2394

N
[—
)
§ Records identified: N = 3780 )
k=
)
3
——
A\ 4
Records screened: N = 2557 —»
o
£
&
o \4
@
Reports assessed for eligibility:
_ EEEE——
N =163
~—

Reports excluded during full-text screen for failure to
meet inclusion criteria as below:

No comparison between at least two groups: N = 30

Cases non-trauma: N = 30

Incorrect study design: N = 35

Not English or full text: N = 21

Outcomes of interest not reported: N = 15

Included patients with neurologic deficits: N = 5

Fig. 1. PRISMA Flowchart of Inclusion and Exclusion Criteria for this Study.
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Data anlaysis

Data analysis was performed using the Review Manager 5.4 software
to make 3 main comparisons: Wiltse versus Open, Wiltse versus Percu-
taneous and Percutaneous versus Open. Results were reported in forest
plots with 95% Confidence Intervals (ClIs). Dichotomous outcomes were
reported qualitatively while Standardized Mean Differences (SMDs) was
calculated between groups for quantitative outcomes. Significance was
established when p<.05. A random effects model was used for studies
with heterogeneity over 50%. Studies with a lower heterogeneity were
analysed using a fixed effects model.

Sensitivity analysis

To investigate the impact of individual studies on the significance
of a given forest plot for a given outcome, a sensitivity screen was
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performed via a ‘leave-one-out’ analysis. For each forest plot, 1 study
was excluded from the plot at any one time to see whether individ-
ual studies or those with a high risk of bias independently skewed the
outcome analysis. Funnel plots were also used to assess for any study
outliers.

Methodological quality and risk of bias analysis

The quality of included studies was assessed by 2 authors indepen-
dently. Any discrepancies or disputes were resolved via discussion with
a third author. The Cochrane’s tool was used to assess risk of bias in
randomised studies [8]. This included assessment of selection bias, attri-
tion bias, reporting bias and performance bias. Classifications of risk in-
clude low, unclear and high. For nonrandomised studies, the Newcastle-
Ottawa Scale was used for bias analysis and includes assessment of selec-
tion, comparability and outcome using a star system to evaluate risk [9].

A
Wiltse Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl IV, Random, 95% CI
Chang etal. 2020 120.8 38.7 36 121.2 409 91 1B.0X -0.01 [-0.40, 0.38] e
Chenetal. 2018 656 7.7 24 126.8 12.7 23 144X -5.76 [-7.10, -4.42] ———
Hamki et al. 2021 B7.2 5.8 16 1209 99 16 14.7% -4.05[-5.31,-2.78] —
Uetal 2015 B2.5 20.4 35 95 23.2 35 17.8% -0.57 [-1.04, -0.09]
Uu etal. 2015 78.64 7.51 28 B6.BS &9 28 17.5% -1.13 [-1.69, -0.586] -
Zhu etal. 2021 97.6 19.6 34 125.3 234 36 17.7% -1.27 [-1.78, -0.75] -
Total (95% CI) 173 229 100.0% -1.95 [-3.04, -0.86] <
Heterogenelty: Tauw® = 1.68; ChE = 98.75, df = 5 (P < 0.00001); F = 95% _io _55 Py L lli)

Test for overall effect: Z = 3.50 (P = 0.0005)

B

Favours [Wiltse] Favours [Open]

Wiltse Open Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Chang et al. 2020 107 115.7 36 1145 110.7 91 20.6% -0.07 [-0.45,0.32] ;
Chenetal. 2018 796 278 24 50B8.2 125.6 23 19.6% -4.68 [-5.82, -3.54] -
Uetal. 2015 345 134 35 1448 56.86 37 20.3% -2.62[-3.26, -1.98] o
Uu etal. 2015 96.97 36.87 28 261 &5.55 25 20.1% -3.09[-3.90, -2.27] -
Zhuetal. 2021 140.1 25.8 34 3679 378 36 19.3% -6.95 [-8.22, -5.68] -
Total (95% CI) 157 212 100.0% -3.43 [-5.62, -1.24] %
Heterogenehty: Tau? = 6.03; Chi? = 17B.87, df = 4 (P < 0.00001); ¥ = 98X 3o o 6 10 20

Test for overall effect: Z = 3.07 (P = 0.002)

C

Favours [Wiltse] Favours [Open]

Wiltse Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chang etal. 2020 63 1.3 38 6.2 33 91 25.6%  0.03 [-0.35,0.42] +*
Chenetal. 2018 4 0.8 24 46 11 23 25.0% -0.62[-1.20, -0.03] -
Uetal 2015 3.4 1.2 35 9.1 18 37 242X -3.67 [-4.44,-2.90] -
Zhuetal. 2021 11.2 2.8 34 144 18 36 25.2% -1.35 [-1.88, -0.83] -
Total (95% CI) 129 187 100.0% -1.37[-2.73,-0.01) <P
Heterogenelty: Tau* = 1.84; ChP = 75.73, df = 3 (P < 0.00001); F = 96% o2 o0 3 4

Test for overall effect: Z = 1.98 (P = 0.05)

Favours [Wiltse] Favours [Open]

D Wiltse Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% Cl
Chang etal. 2020 18 098 3§ 21 1 91 204% -0.31[-0.69,0.08]

Chen etal. 2018 25 1.2 24 32 08 23 19.9% -0.65 [-1.23, -0.06]

Junhul etal. 2017 2.8 08 35 39 1 40 20.2% -1.18 [-1.69, -0.70] -
Uetal 2015 g.2 1.1 35 48 1.2 37 19.6% 2.92 [2.24, 3.59] -
Uu etal. 2015 3.27 0.89 28 3.98 0.69 25 19.9% -0.87 [-1.44,-0.31] -
Total (95% CI) 158 216 100.0% -0.03 [-1.24,1.17]

Heterogenehy: Tau® = 1.82; ChF = 105.39, df = 4 (P < 0.00001); F = 96X

Test for overall effect: Z = 0.06 (P = 0.96)

o 5 6 5 1o

Favours [Wiltse] Favours [Open]

Fig. 2. Statistical Analysis of Studies Comparing the Wiltse and the Open Approach to TTSF. 2A: Operation duration, 2B: Total Blood loss, 2C: Length of Stay, 2D:

Postoperative VAS score, 2E: Cobb angle.
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E

Wiltse Open

Std. Mean Difference
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Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.5.1 Immediate post-op

Chang etal. 2020 101 & 39 83 &1 91 20.8% 0.13 [-0.24, 0.51] —T
Uetal. 2015 56 3 35 58 38 37 156X -0.09[-0.55,0.37] —_—t
Zhu etal. 2021 43 2.2 34 41 1.7 38 15.5% 0.10 [-0.386, 0.58] I
Subtotal (95% CI) 108 166 51.9% 0.06 [-0.19, 0.31] -
Heterogenehty: Tau® = 0.00; ChE = 0.57, df = 2 (P = 0.75); F = 0X

Test for overall effect: Z = 0.48 (P = 0.63}

2.5.2 Last follow up

Chang etal. 2020 116 6.1 39 11.2 64 91 20.8% 0.06 [-0.31, 0.44] —_—
Lu etal. 2015 123 7.2 28 115 &4 25 12.3% 0.12 [-0.42, 0.68] [
Zhy et al. 2021 59 29 34 76 28 38 15.0% -0.59 [-1.0§, -0.12] —_—

Subtotal (95% Cl) 101 154 48.1% -0.14 [-0.57, 0.30] I E—

Heterogenelty: Taw® = 0.09; ChP = 5.44, df = 2 (P = 0.07); P = §3%
Test for overall effect Z = (.61 (P = (.54}

Total (95% Cl) 209 320 100.0%
Heterogenelty: Tau® = 0.02; ChE = .98, df = 5 (P = 0.22); F = 28%
Test for overall effect: Z = 0.30 (P = 0.76)

Test for subgroup differences: ChE = 0.58, df = 1 (P = 0.45), ¥ = 0%

-0.03 [-0.25, 0.18]

-*
0

-1 05 0.5 i
Favours [Wiltse] Favours [Open]

Fig. 2. Continued

Results
PRISMA flowchart

27 studies were included in the present review [1,2,6,10-33] (Fig. 1).
Seven publications compared the Wiltse and the open approach (Fig. 2),
7 compared the Wiltse and the percutaneous approach (Fig. 3), 15 com-
pared the percutaneous and the open approach (Fig. 4), and 1 com-
pared all 3 approaches. Outcome measures used to compare surgical ap-
proaches included operation duration and hospital stay, total blood loss,
postoperative VAS and ODI scores, fluoroscopy time, incision length,
vertebral body height and angle, and Cobb angle. No outliar studies
were identified following sensitivity analysis and none were excluded.

Length of operation

Among the 7 studies that compared the Wiltse approach to the open
approach, Six reported operation duration (Fig. 2A). The mean opera-
tion duration for the Wiltse approach group was significantly shorter
than that of the open approach group (SMD=-1.95; 95% CI, —3.04 to
0.86; 12=95%); p=.005).

All 7 studies that compared the Wiltse approach to the percutaneous
approach, reported operation duration (Fig. 3A). Again, the mean op-
eration duration for the Wiltse approach group was significantly lower
than that of the percutaneous approach group (SMD=-0.81; 95% CI,
—1.58 to —0.03; 12=94%; p=.04).

Finally, all 15 studies that compared the percutaneous versus the
open approach reported operation duration (Fig. 4A). The group un-
dergoing percutaneous fixation had significantly lower mean operation
duration than the open approach group (SMD=-0.82; 95% CI, —1.19 to
—0.44; 12=91%; p<.0001).

Total blood loss

Between the 7 studies that compared the Wiltse versus the open
approach, 5 reported total blood loss (Fig. 2B). The mean estimated
blood loss for the Wiltse approach group was significantly lower than
that of the open approach group (SMD=-3.43; 95% CI, —5.62 to —1.24;
12=98%; p<.00001).

Among the 7 studies that compared the Wiltse versus the percu-
taneous approach, 6 reported total blood loss (Fig. 3B). Notably, the
mean estimated blood loss for the Wiltse approach group was signifi-
cantly higher than the percutaneous approach group (SMD=0.68; 95%
CI, 0.09-1.27; 12=88%; p<.00001).

Of the 15 studies that compared the percutaneous versus the open
approach, 7 reported total blood loss (Fig. 4B). The group undergoing
percutaneous fixation had significantly lower mean estimated blood loss
than the open approach group (SMD=-3.60; 95% CI, —4.99 to —2.22;
12=96%; p<.00001).

Fluoroscopy time

Of all the included studies, only 3 reported fluoroscopy time. All
studies which reported fluoroscopy time length compared the Wiltse
approach to the percutaneous approach (Fig. 3C). Analyzing the data
using a random effects model, the Wiltse approach group was found to
a significantly lower mean fluoroscopy time was found when compared
to the percutaneous approach groups (SMD=-4.08; 95% CI, —6.08 to
—2.09; 12=95%; p<.0001).

Hospital length of stay

Of the 7 studies that compared the Wiltse versus the open approach,
4 reported length of hospital stay (Fig. 2C). The Wiltse approach group
had a significantly lower mean hospital stay than the open approach
group (SMD=-1.37; 95% CI, —2.73 to —0.01; 12=96%; p=.05).

Between the 7 studies that compared the Wiltse versus the percuta-
neous approach, 5 reported length of hospital stay (Fig. 3E). The mean
length of stay for the Wiltse approach group was not significantly differ-
ent from the percutaneous approach group (SMD=0.27; 95% CI, —0.09
to 0.62; 12=67%; p=.14).

Among the 15 studies that compared the percutaneous versus the
open approach, 13 reported length of hospital stay (Fig. 4C). The mean
hospital length of stay for the Percutaneous fixation group was signifi-
cantly lower than then that of the open approach group (SMD=-1.15;
95% CI, —1.69 to —0.61; 12=94%; p<.00001).

Postoperative visual analog scale (VAS)

The differences in postsurgical visual analog scale scores between
the Wiltse and open approach groups is displayed in Fig. 2D. Random
effect analysis of the 5 studies that reported VAS found that there was
no difference in the mean VAS between the 2 groups (SMD=-0.03; 95%
CI, —1.24 to —1.17; 12=96%; p=.96).

In the 7 studies that compared the Wiltse versus the percutaneous
approach, 5 reported postoperative VAS for pain (Fig. 3D). The mean
postoperative VAS score for Wiltse approach group was not significantly
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Std. Mean Difference

IV, Random, 95% CI
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Std. Mean Difference
IV, Random, 95% CI

A
Wiltse Percutaneous

Study or Subgroup Mean SD Total Mean SD Total Weight
Dong et al. 2013 49.1 7.5 21 51.7 11.2 18 13.9%
Fanetal 2017 63.3 B 49 725 7.7 63 14.7%
Jang eral. 2012 BO.B 16.1 30 790.7 12.7 31 14.3%
Luetal 2021 68.1 OB 2B 76.1 ] 26 14.2%
Sheng etal. 2021 488 7B 45 724 10 40 14.2%
Zhuetal. 2021 87.6 186 34 9B.4 253 38 14.5%
Zouetal 2020 655 7.5 29 77 78 20 14.1%
Total (95% CI) 236 254 100.0%

-0.27 [0.90, 0.38]
-1.11 [-1.51, -0.71]
0.69[0.17, 1.21]
-0.84 [-1.38, -0.28]
-2.60 [-3.15, -2.04]
=0.03 [H0.50, 0.43]
-1.50 [-2.09, -0.92]

-0.81 [-1.58, -0.03]

Heterogenelty: Tau® = 1.02; ChF = 93.02, df = & {P < 0.00001); F = 04%

Test for overall effect: Z = 2.04 (P = (.04}

—_—

i |

T N

Favours [Wiltse] Favours [Percutaneous]

B

Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Dong etal. 2013 276 75 21 1B3 48 18  15.0% 1.42 [0.70, 2.13] —_—
Fanetal 2017 55.3 20.8 49 54 17.2 &3 17.8% 0.07 [-0.30, 0.44] -+
Jliang etal. 2012 145 &0.7 30 79 40.4 31 16.4% 1.27 [0.71, 1.82] ——
Lu etal. 2021 38.8 12.2 28 36 10.7 26  16.6% 0.24 [-0.30, 0.78] -T—
Sheng etal. 2021 60.2 15 45 &2.6 133 49 17.6X -0.17[-0.57,0.24] —=
Zhu etal. 2021 140.1 25.8 34 107.9 18.7 38 16.7% 1.43 [0.91, 1.95] ——
Total (95% CI) 207 225 100.0% 0.68 [0.09, 1.27] ’

Heterogenehy: Tau? = 0.47; ChP = 42.36, df = 5 (P < 0.00001); P = BBX
Test for overall effect: Z = 2.26 (P = (.02}

-4 -2 0 2 4
Favours [Wiltse] Favours [Percutaneous]

C Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dong et al. 2013 72 16.8 21 226.2 106.2 18 334X -2.07 [-2.86,-1.27] =

Fanetal 2017 45 1.7 49 163 2.6 63 33.5% -5.07 [-5.84, -4.30] -

Sheng et al. 2021 54 15 45 17.8 3 49 33.1X -5.12 [-5.97, -4.27] =

Total (95% ClI) 115 130 100.0% -4.08 [-6.08, -2.09] ’
Heterogenelty: Tau® = 2.93; ChE = 36.72, df = 2 (P < 0.00001); F = 95X f t

Test for overall effect: Z = 4.02 (P < 0.0001}

%0 4o o 10 20
Favours [Wiltse] Favours [Percutaneous]

D Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dong etal. 2013 3 1 21 2 0.77 18 14.6% 1.09 [0.41, 1.77]

Fanetal 2017 2.7 09 49 25 0.7 63 24.3% 0.25 [-0.12, 0.63] ——
Luetal. 2021 2.2 08 28 21 08 26 1B.7% 0.12 [-0.42, 0.65] —
Sheng et al. 2021 3.44 05 45 349 05 49 23.1% -0.10 [-0.50, 0.31] i

Zou etal. 2020 3 098 29 3.1 1 29 19.3% -0.10 [-0.62, 0.41] —r—

Total (95% CI) 172 185 100.0% 0.20 [-0.14, 0.54]

Heterogenehy: Tau® = 0.09; Che = 9.98, df = 4 (P = 0.04); ¥ = 60X
Test for overall effect: Z = 1.13 (P = (.26}

1 1 b

B T

Favours [Wiltse] Favours [Percutaneous]

E Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% CI
Fanetal 2017 4.1 1 49 42 0.7 &3 22.7% -0.12[-0.49,0.28] ——

Jlang etal. 2012 108 14 30 987 09 31 1B.0% 0.93 [0.40, 1.49] ——

Lu etal. 2021 42 0.8 28 4 09 26 17.9% 0.22 [-0.32,0.75] —1—

Sheng etal. 2021 3.8 0.77 45 3.8 0.82 49 21.7%  0.00 [-0.40, 0.40] .

Zhu etal. 2021 11.2 28 34 101 21 38 198X 0.44 [-0.03,0.91] ——

Total (95% CI) 186 207 100.0% 0.27 [-0.09, 0.62] >
Heterogenelty: Tau® = 0.11; ChP = 11.95, df = 4 (P = 0.02); P = §7% " ) , ;

Test for overall effect: Z = 1.48 (P = 0.14)

Fig. 3. Statistical Analysis of Studies Comparing the Wiltse and the Percutaneous Approach to TTSF. 3A: Operation duration, 3B: Total Blood loss, 3C: Fluoroscopy

Favours [Wiltse] Favours [Percutaneous]

time, 3D: Postoperative VAS score, 3E: Length of Stay, 3F: Cobb angle; 3G: Vertebral body angle; 3H: Vertebral body height.
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F
Wiltse Percutaneous Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.7.1 Immediate post-op
Fanetal. 2017 35 5.1 49 64 71 63 7.1% -2.90 [-5.18, -0.64]
Lu etal. 2021 43 94 28 3.7 &2 26 20X 0.60 [-3.62, 4.82]
Zhu etal. 2021 43 2.2 34 5.7 24 38 32.0% -1.40 [-2.46, -0.34] —
Subtotal (95% CI) 111 127 41.0% -1.56 [-2.50, -0.62] iR
Heterogenehty: Chi = 2.44, df = 2 (P = 0.29); P = 18%
Test for overall effect: Z = 3.26 (P = 0.001)
3.7.2 Last follow up
Dong etal. 2013 59 &1 21 38 49 18 3.0% 2.10 [-1.35, 5.55]
Fanetal. 2017 39 58 49 7 &9 &3 6.7% -3.10 [-5.42, -0.78]
Lu etal. 2021 6.1 10.3 28 52 78 26 1.6% 0.90[-3.91,5.71]
Sheng et al. 2021 71 28 45 BS 3 49  26.2% -1.40 [-2.57, -0.23] —e
Zhu etal. 2021 58 29 34 79 27 38 21.4% -2.00[-3.30,-0.70] —_—
Subtotal (95% Cl) 177 194 59.0% =-1.57 [-2.35, -0.79] ’
Heterogenehy: Ch = 7.53, df = 4 (P = 0.11); F = 47X
Test for overall effect: Z = 3.94 (P < 0.0001}
Total (95% CI) 288 321 100.0% -1.57 [-2.17, -0.97] R
Heterogenehy: ChE = 9.97, df = 7 (P = 0.19); F = 30X _+4 jz P i j

Test for overall effect: Z = 5.11 (P < 0.00001)
Test for subgroup differences: ChE = .00, df = 1 (P = 0.98), P = 0%

Favours [Wiltse] Favours [Percutaneous)

G
Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% CI
Fanetal. 2017 6.7 55 49 98 71 63 27.4% -0.49[-0.87,-0.11] —=
Luetal. 2021 5.1 4.1 28 55 3.7 26 15.3% -0.10 [-0.63, 0.43] S
Sheng et al. 2021 76 3.2 45 103 3.6 49 23.1% -0.78 [-1.20, -0.3¢§] =
Zhu etal. 2021 B3 4 34 106 35 38 1B8.9% -0.61[-1.08, -0.13] ——
Zou etal. 2020 53 2.2 29 71 24 29 15.3% -0.77 [-1.31, -0.24] ——
Total (95% CI) 185 205 100.0% -0.56 [-0.79, -0.34] &>
Heterogenehty: Tau® = 0.01; ChP = 4.69, df = 4 (P = 0.32); P = 15% 1 3 { '3

Test for overall effect Z = 4.98 (P < 0.00001)

Favours [Wiltse] Favours [Percutaneous]

H Wiltse Percutaneous Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dong et al. 2013 B9.6 B.4 21 B9E B 18 23.3% 0.00 [-0.83, 0.63] ——

Jlang etal. 2012 96.39 7.48 30 B4.23 9.47 31 24.6X% 1.40 [0.84, 1.97] —-—
Sheng etal. 2021 LX) z 45 918 2.3 40 26.8% 1.2E8 [0.84, 1.73] -

Zou etal. 2020 EER] 4 28 001 &2 20 25.3% 0.66 [0.13, 1.19] -

Total (95% CI) 125 127 100.0% 0.86 [0.27, 1.45] ’

Heterogenelty: Taw® = 0.29; ChE = 14.51, df = 3 (P = 0.002); ¥ = 70%
Test for overall effect: Z = 2.84 (P = 0.004)

Fig. 3.

different from the percutaneous approach group (SMD=0.20; 95% CI,
—0.14 to 0.54; I>°=60%; p=.26)

Of the 15 studies that compared the percutaneous versus the open
approach, 7 reported postoperative VAS for pain (Fig. 4D). The Percuta-
neous fixation group experienced significantly lower mean VAS scores
than the open group (SMD=-0.81; 95% CI, —1.13 to 0.49; 1?=67%;
p<.00001).

Postoperative oswestry disability index (ODI) scores

Five studies examined the ODI scores of patients who underwent sur-
gical repair of TTSF, with 1 study comparing all 3 surgical approaches,
2 studies comparing percutaneous and open approaches, and 2 stud-
ies comparing Wiltse and percutaneous approaches. The results of our
random effects model indicate that the percutaneous approach was sig-
nificantly better than the open approach for postoperative ODI scores
(SMD=-0.88; 95% CI, —1.57 to 0.19; 2=90%; p<.00001) (Fig. 4E). In
contrast, the Wiltse approach did not show a significant difference in
ODI scores compared to either the percutaneous (p=.26) or open (p=.31)
approach, based on data from 2 studies each.

B 2 0 3

Favours [Percutaneous] Favours [Wiltse]

Continued

Cobb angle

Nineteen studies compared the effect of different surgical approaches
on the sagittal Cobb angle, measured as the angle between the superior
endplate of the upper and the inferior endplate of the lower vertebrae.
Our random effects model found that the Wiltse Cohort displayed no
significant difference in Cobb angle when compared to the open cohort
at immediate postoperative follow up (12=0%, p=.63) or last known
follow up (12=63%, p=.54) (Fig. 2E).

When comparing the Wiltse and percutaneous approaches how-
ever, the Wiltse cohort had significantly improved Cobb angles at
both immediate postoperative follow up and last known follow up
(Fig. 3F). When comparing the percutaneous approach with the open
approach, no significant difference in Cobb angle was found (p>.05)
(Fig. 4F).

Vertebral body height and angle

6 studies examined the effect of different surgical approaches
on vertebral body height percentage, and 7 studies examined ver-
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tebral body angle. Of the 7 studies that compared the Wiltse ver-
sus the percutaneous approach, 5 reported vertebral body angles and
4 presented vertebral body height. The Wiltse approach group had
a significantly lower mean vertebral angle (SMD=-0.55; 95% ClI,
—0.78 to —0.32; 12=22%; p<.00001; Fig. 3G) and a higher verte-
bral body height (SMD=0.89; 95% CI, 0.35 to 1.43; 12=75%; p<.001;
Fig. 3H).

Of 15 studies that compared the percutaneous versus the open ap-
proach, 7 reported vertebral body angles and 6 presented vertebral
body height. There was no significant difference between the percuta-
neous and open approach group when comparing mean vertebral angle
(SMD=-0.22; 95% CI, —0.54 to 0.11; [2=65%; p=.19; Fig. 4G) or verte-
bral body height (SMD=-0.11%; 95% CI, —0.41 to 0.19; 1>=61%; p=.49;
Fig. 4H).
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Quality assessment

Risk of bias aassessment for randomised studies can be seen in
Table 1. All studies had a low risk of bias across most domains. Non-
randomised study assessment using the NOS can be seen in Table 2.

Discussion

Thoracolumbar fractures are common traumatic spinal fractures,
with surgical intervention serving as the primary treatment modality
[4-6]. Traditional open approaches to the thoracolumbar spine provide
surgeons with a comprehensive view, facilitating the identification of
anatomical landmarks for pedicle screw placement, and are essential
when spinal cord decompression is required [34]. However, these larger
incisions are associated with increased risk of adverse postoperative

A
Percutaneous Open Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Afolabl et al. 2020 109 63.3 100 157.5 77.1 155 7.6% -0.67 [-0.93, -0.41]

Chung et al. 2020 179.3 423 14 253.6 98.7 7 5.1% -1.09 [-2.07, -0.11]

Fuetal 2016 98.8 18.5 29 100.7 213 55 7.1% -0.09 [-0.54, 0.36] T
Grossbach etal. 2013 195 42 11 257 101 27 6.1% -0.68 [-1.40, 0.03]

Lee etal. 2019 138 38 13 189 43 19 5.9% -1.21 [-1.98, -0.44]

Liu etal. 2020 82.8 21.5 36 105.6 19.4 23 6.7% -1.09 [-1.65, -0.52]

Lyu etal. 2018 721 125 &0 77.8 B2 30 71X -0.50[-0.95,-0.06] —

Neeley et al. 2022 88.3 B0 76 214 202 109 7.5% -0.71 [-1.01, -0.40] —_—

Rilling et al. 2020 75.5 50.2 185 715 419 91 7.6% 0.08 [-0.17, 0.33] T
Romero et al. 2017 58 16.4 31 62 18.9 33 6.9% -0.22 [0.71,0.27] —_—

Wang etal. 2017 114.1 51.9 61 140.3 76.8 39 7.2% -0.41 [-0.82, -0.01] —

Wang H etal. 2017 122 30 56 180 51 49 7.1% -1.40 [-1.83, -0.97] —_—

Yang etal. 2019 515 7.1 30 966 BB 30 4.5% -5.57 [-6.72,-4.42] ¢

Zheng et al. 2022 1246 19.7 24 1164 143 24 6.6% 0.47 [-0.11, 1.04] B

Zhuetal. 2021 98.4 25.3 38 1253 23.4 36 6.9% -1.09 [-1.58, -0.60]

Total (95% CI) 764 727 100.0% -0.82[-1.20, -0.45] e

Heterogenehty: Tau® = 0.46; ChE = 145.28, df = 14 (P < 0.00001); P = 90X "y —".l ) i‘ 3
Test for overall effect: Z = 4.31 (P < 0.0001) Favours [Percutaneous] Favours [Open]
B

Percutaneous Open Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chung et al. 2020 185.7 B&.4 14 BB5.7 33B8.8 7 13.2% -3.30 [-4.74, -1.87] —

Grossbach etal. 2013 936 66.2 11 498 415 27 14.8% -1.12[-1.87,-0.37] e

Liu et al. 2020 71.58 25.56 36 2713 48 23 13.9% -5.49 [-6.64, -4.34] —

Lyu etal. 2016 8S.1 173 &0 202.1 42 30 14.8% -4.01 [-4.75,-3.26] -

Neeley et al. 2022 68.4 50 76 691 500 109 15.3% -1.61[-1.95,6-1.27] -

Romero et al. 2017 B7.6 248 31 2714 1428 33 15.0% -1.75[-2.33,-1.17] -

Zhu etal. 2021 107.9 18.7 38 3679 376 36 13.0% -B.74 [-10.25, -7.22] —_—

Total (95% CI) 266 265 100.0% -3.60 [-4.99, -2.22] e

Heterogenehty: Tau® = 3.24; ChP = 149.87, df = & (P < 0.00001); F = 96X _io _IS ) } 1=0

Test for overall effect: Z = 5.10 (P < 0.00001)

Std. Mean Difference
1V, Random, 95% CI

Favours [Percutaneous] Favours [Open]

Std. Mean Difference
1V, Random, 95% CI

C
Percutaneous Open

Study or Subgroup Mean SD Total Mean SD Total Weight
Afolabl et al. 2020 143 145 100 124 127 155 9.0%
Chung etal. 2020 21.2 185 14 42 254 7 7.1%
Grossbach et al. 2013 76 38 11 11.2 7 27 7.9%
Liu etal. 2020 B.7 13 36 142 34 23 B.OX
Neeley et al. 2022 98 9.7 76 135 10.2 109 B.OX
Rilling et al. 2020 25.5 22.2 1B5 32.7 238 91 9.0%
Romero et al. 2017 23 3.7 31 32 27 33 B.S5%
Wang etal. 2017 12.9 5 61 17.6 1386 39 B.7%
Wang H etal. 2017 84 33 56 20.7 5.2 49 B.5%
Yang etal. 2019 5.2 0.8 30 93 15 30 7.6%
Zheng et al. 2022 10 29 24 147 7.1 24 B.3%
Zhu et al. 2021 101 21 38 144 18 36 B.3X
Total (95% CI) 662 623 100.0%

0.14 [-0.11, 0.39]
-1.01 [-1.98, -0.04]
-0.56 [-1.28, 0.15]
-2.31 [-2.99, -1.64]
-0.37 [-0.66, -0.07]
-0.32 [0.57, -0.06]
-0.28 [0.77, 0.22]
-0.50 [-0.91, -0.09]
-2.61 [-3.14, -2.09]
-3.37 [-4.17, -2.58]
-0.85 [-1.45, -0.26]
-2.17 [-2.75, -1.59]

-1.15 [-1.69, -0.61]

Heterogenehty: Tauw® = 0.83; ChE = 198.36, df = 11 (P < 0.00001); F = 94%

Test for overall effect: Z = 4.16 (P < 0.0001)

1 1

1

B B

4

Favours [Percutaneous] Favours [Open]

Fig. 4. Statistical Analysis of Studies Comparing the Percutaneous and the Open Approach to TTSF. 4A: Operation duration, 4B: Total Blood loss, 4C: Length of Stay,
4D: Postoperative VAS score, 4E: Postoperative ODI score, 4F: Cobb angle; 4G: Vertebral body angle; 4H: Vertebral body height.
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D
Percutaneous Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl IV, Random, 95% CI
Fuetal 2018 41 16 29 4.7 2.2 55 15.0% -0.29 [-0.75,0.1§]
Romero et al. 2017 3.8 29 31 42 27 33 143% -0.14 [-0.63,0.35] e R
Wang etal. 2017 16 07 &1 22 08 39 15.7% -0.80 [-1.22, -0.39] — &
Wang H etal. 2017 25 1.2 56 3.8 15 49 16.0X -0.96 [-1.36, -0.55] =
Yang etal. 2019 29 0.8 30 47 22 30 13.2% -1.07 [-1.62, -0.53]
Zheng et al. 2022 24 0.8 24 36 08 24  11.6% -1.39[-2.02,-0.75] +——
Zhuetal. 2021 2.2 08 38 33 11 36 14.2x -1.14 [-1.63, -0.64]
Total (95% CI) 269 266 100.0% -0.81[-1.13,-0.49] R
Heterogenehty: Tau® = 0.12; Chi? = 18.29, df = & (P = 0.006); ¥ = §7% S e o5 i

Test for overall effect: Z = 4.97 (P < 0.00001) Favours [Percutaneous] Favours [Open]

E Percutaneous Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% Cl
Romero et al. 2017 23.1 B.2 31 243 9.2 33 20.0%x -0.14[-0.63,0.36] .

Wang etal. 2017 4 22 &1 &1 35 38 20.6% -0.75[-1.17,-0.33]

Wang H etal. 2017 7.2 21 58 16 6.1 49 20.2X -1.97 [-2.44,-1.50] +—

Zheng et al. 2022 5.3 4 24 58 34 24 194% -0.13 [-0.70, 0.43] —r—
Zhuetal. 2021 3.2 21 38 6.2 2.2 36 19.8% -1.38 [-1.89, -0.87]

Total (95% CI) 210 181 100.0% -0.88 [-1.57,-0.19] TR

Heterogenehty: Taw® = 0.55; Chi¥ = 40.15, df = 4 (P < 0.00001); F = 90X 5 9 o5 1

Test for overall effect: Z = 2.50 (P = 0.01) Favours [Percutaneous) Favours [Open]

F Percutaneous Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Rand 95% CI
4.3.1 Immediate Post-op

Fuetal 2016 5.7 3 29 93 &6 55 9.8% -0.63[-1.09,-0.17] —
Neeley et al. 2022 98 B1 76 143 93 108 11.7% -0.51 [-0.81,-0.21] —

Romero et al. 2017 57 53 31 75 &8 33 94X -0.29[-0.78,0.20] =T

Wang etal. 2017 49 26 61 54 28 39 105% -0.19[-0.59,0.21] —T

Wang H etal. 2017 22 48 56 23 77 49 10.7% -0.02[-0.40,0.37] —r—
Zhuetal. 2021 57 24 38 41 17 36 9.7% 0.76 [0.29, 1.23] =t
Subtotal (95% CI) 291 321 61.9% -0.16 [-0.52, 0.21] <

Heterogeneity: Taw? = 0.17; ChP = 24.28, df = 5 (P = 0.0002); P = 79%
Test for overall effect: Z = 0.83 (P = 0.40)

4.3.2 Last follow up
Grosshachetal. 2013 1.45 7.98 11 &6.26 B4B 27 7.1% -0.56 [-1.28, 0.15] —
Wang etal. 2017 95 41 &1 10.2 38 39 10.5% -0.17 [-0.58,0.23] G

Test for overall effect Z = 0.67 (P = 0.51)
Test for subgroup differences: ChE = 0.40, df = 1 (P = 0.53}, ¥ = 0%

Yang et al. 2019 12.8 421 56 11 299 49 10.7% 0.48 [0.09, 0.87] ——

Zhu etal. 2021 79 27 38 76 28 36 99% 0.11[-0.35, 0.58] i

Subtotal (95% CI) 166 151 38.1%  0.02 [-0.38, 0.42] <

Heterogenetty: Tau? = 0.11; ChE = B.82, df = 3 (P = 0.03); P = §6%

Test for overall effect Z = 0.09 (P = 0.93)

Total (95% CI) 457 472 100.0% -0.09 [-0.37, 0.18] ?

Heterogenehty: Tau® = 0.15; ChP = 37.14, df = 9 (P < 0.0001); P = 76X _*4 _iz Y 4 3
F.

avours [Percutaneous] Favours [Open]

G

Percutaneous Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Fuetal. 2018 57 41 29 93 &4 55 15.5% -0.62[-1.08, -0.18]
Lee etal. 2019 9 & 13 15 7 19 10.3% -0BB[-1.63,0.14] &¥—
Uuetal. 2020 641 19 36 593 107 23 141X 0.20[-0.24,0.82] —
Romero et al. 2017 67 51 31 87 72 33 147X -0.47[90.97,0.02] _—
Wang etal. 2017 11.2 36 &1 119 33 39 167% -0.20[-0.60,0.20] ==
Zheng etal. 2022 B8.91 561 24 10 542 24 13.3% -0.19[-0.76,0.37] e
Zhu etal. 2021 106 35 38 93 3.2 36 155% 0.38 [-0.08, 0.84] e
Total (95% Cl) 232 229 100.0% -0.22 [-0.54,0.11] i
Heterogenehty: Tau® = 0.12; ChE = 17.17, df = & (P = 0.009); ¥ = §5% _'1 -0 5 015 i
Test for owverall effect: Z = 1.30 (P = 0.19) Favours [Percutaneous] Favours [Open]
H

Percutaneous Open Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Fuetal 2016 13.5 10 28 21 113 55 16.7% -0.68 [-1.15,-0.22] -
Uuetal. 2020 B7.93 935 36 B6.39 959 23 15.0% 0.16 [-0.36, 0.68] T
Romero etal. 2017 17.3 B.579 31 21 11.7 33 158X -0.35 [-0.85, 0.14] —-
Wang etal. 2017 B1E 95 &1 B29 98B 39 184X -0.11[-0.52,0.29] -
Wang H etal. 2017 BB 94 56 BB.& 10.7 49 19.0X% -0.06 [-0.44,0.32] e
Yang etal. 2019 128 44 30 11 289 30 152%  0.47[-0.04,0.89]
Total (95% CI) 243 229 100.0% -0.11[-0.41, 0.19] '3
Heterogenetty: Tau® = 0.09; ChR = 12.88, df = 5 (P = 0.02); F = §1% e N |

Test for overall effect: Z = 0.69 (P = 0.49) Favours [Open] Favours [Percutaneous)

Fig. 4. Continued
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Table 1

Assessment of risk of bias for randomised studies using the Cochrane collaboration’s tool.
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First author

Bias

Authors’ judgement

Support for judgement

Lyu et al. [10]

Jiang et al. [11]

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Low

Low
Unclear risk
Unclear risk
Low

Low

NA

Low

Low

Patients randomized

Patients randomized

No information provided

No information provided

All patients seen at follow up.

Clear reporting of baseline demographics and outcome measures.
Study protocol was clear.

Patients randomized

Patients randomized

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Zouetal. [12]

Chen et al. [2]

Liuetal. [13]

Unclear risk
Unclear risk
Low
Low

NA

Low
Low
Unclear risk
Unclear risk

Unclear risk
Unclear risk
Low
Low

Unclear risk
Unclear risk
Low
Low

NA

No information provided

No information provided

All patients seen at follow up.

Clear reporting of baseline demographics and outcome measures.
Study protocol was clear.

Patients randomized

Patients randomized

No information provided

No information provided

All patients seen at follow up.

Clear reporting of baseline demographics and outcome measures.
Study protocol was clear.

Patients randomized

Patients randomized

No information provided

No information provided

All patients seen at follow up.

Clear reporting of baseline demographics and outcome measures.
Study protocol was clear.

Patients randomized

Patients randomized

No information provided

No information provided

All patients seen at follow up.

Clear reporting of baseline demographics and outcome measures.
Study protocol was clear.

Table 2
Newcastle-Ottawa scale to assess the quality of nonrandomised studies.

Study Selection Comparability Outcome

Ak AR *x

Chang et al. [19]
Dong et al. [20]
Wang et al. [16]
Junhui et al. [22]
Li et al. [25]
Hamid et al. 2015
Lee et al. [31]
Luetal [18]

Wu et al. [6]
Yang et al. [21]
Zheng et al. 2022
Zhu et al. [27]
Chung et al. [29]
Liu et al. 2020
Rillig et al. [15]
Wang H et al. [17]
Afolabi et al. [1]
Fan et al. [24]

Fu et al. [28]
Grossbach et al. [30]
Romero et al. [32]
Neeley et al. [14]

EEET #x

HEEE *x

wxEE wx

P o

Ak AR *%

wEEE xx %

e o

Ak AR *x

EErT #x

Hxx *x '

EErT wx

o *x

Ak EE *%

wkEE wx %

e *x wk

A kA A *x '

wEEE *x

outcomes such as surgical site infections, postoperative disabilities, and
intraoperative blood loss [35,36]. This study aimed to conduct a quan-
titative review of the current literature on the surgical management of
thoracolumbar fractures in patients without neurological deficits, assess-
ing the impact of these 3 operative techniques on postoperative patient
outcomes.

A 2015 study by Li et al., which compared 72 cases at a single in-
stitution (37 open and 35 Wiltse), reported decreased operative time,

blood loss, postoperative drainage, postoperative hospitalization time,
and improvement in postoperative VAS with the Wiltse approach [25].
Our study corroborates these findings, with the Wiltse approach outper-
forming the open approach in terms of operative duration, blood loss,
hospital stay, and Cobb angle. However, no significant differences were
observed in postoperative VAS and ODI scores. It is important to note
that the study by Li et al. was the only one in our cohort to report an
improvement in VAS score for the Wiltse approach.

A study by Jiang et al. found the Wiltse approach to be associated
with shorter OR and fluoroscopy times, lower total hospital costs, better
postoperative vertebral body angles, improved percentage of vertebral
body height, and reduced perioperative blood loss compared to percu-
taneous fixation [4]. Our study supports these findings, also reporting
significant improvements in operation time, fluoroscopy time, postop-
erative vertebral body angle, vertebral body height and perioperative
blood loss for the Wiltse approach cohort. Additionally, we present data
indicating that the Wiltse approach promotes better sagittal Cobb angles
during immediate postoperative period.

Retrospective analyses conducted by Vanek et al. and Lee et al. com-
pared the percutaneous approach to open techniques [6,26]. Both stud-
ies identified significant differences in VAS scores in the immediate post-
operative period, which diminished during subsequent outpatient ap-
pointments. Moreover, in alignment with our study, these prior reports
highlighted a considerable reduction in OR time for patients treated with
the percutaneous approach [31,37]. However, our study found no differ-
ence in postoperative biomechanical outcomes, specifically Cobb angle,
vertebral body angle, and vertebral body height, for patients receiving
surgical intervention using the percutaneous approach.

Notably, Cobb angle, vertebral body angle, and vertebral body
height, varied amongst the 3 techniques. While the percutaneous ap-
proach significantly impacted Cobb angle compared to the open tech-
nique, no significant differences were found in our comprehensive
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comparison of the Wiltse and open approaches regarding Cobb angle.
This contradicts earlier studies suggesting that percutaneous screws of-
fer less stability than axial screws during open surgery [37]. Our study
also identified significant improvements in vertebral body angle and
height percentage when comparing the Wiltse and percutaneous ap-
proaches, but no difference in these metrics when comparing percuta-
neous and open approaches. Several prior studies have reported similar
findings, suggesting that variations in postoperative posterior compres-
sion stem from the incision points and separation of back muscles during
spine access [28,29,36].

The role and indications of minimally invasive techniques (MIT) in
the management of thoracic spinal trauma has evolved significantly over
the past decade [38]. Despite the positive results, MIT are not with-
out limitations. The restricted field of view with MIT means that open
surgery is sometimes preferrable in complex cases where more exten-
sive work is needed. Indications for MIT mainly depend on the pattern
of bone and ligament injury, presence of neurological deficits, surgeon’s
experience, and patient demographics [39]. However, this is a topic
of significant debate and continues to evolve as experience with MIT
grows [38,39]. The limited tissue exposure and inability to visualize key
anatomical landmarks with MIT, also mean that there a steep learning
curve [40]. In theory, surgical inexperience can result in screw malposi-
tion, greater operation durations and radiation exposure [37-40]. One
study looking at pedicle screw position found that around 10% of screws
were out of place when minimally invasive techniques were used, with
75% of them occurring in lower lumbar levels where there is poor vi-
sualization [41]. A systematic review by Sclafani et al. demonstrated
that the complication rate with MIT was significantly reduced after a
surgeon had carried out 30 consecutive cases [42]. Previous literature
suggests that the complexity of minimally invasive techniques leads to
differences in operation length and fluoroscopy time, primarily influ-
enced by the lead surgeon’s experience [43].

Our pooled analyses of patients treated with the percutaneous and
Wiltse approach found that both minimally invasive techniques had sig-
nificantly reduced operative time and perioperative blood loss compared
to open techniques. This observation is supported by earlier literature,
which found that percutaneous fixation and Wiltse techniques facilitate
less invasive surgical pathways with smaller incisions. Collectively, our
findings suggest that both minimally invasive techniques are associated
with improved outcomes, but neither is strictly superior to the other
when considering immediate peri- and postoperative outcomes.

Limitations

Literature compiled for the present study used small sample sizes,
many of which came from retrospective cohort studies. Additionally,
the included studies displayed significant heterogeneity in the effect
sizes for reported outcome measures and variability in follow-up du-
rations. Collectively, these limitations hinder the ability to draw defini-
tive conclusions. Regarding baseline heterogeneity, we did attempt to
limit degree of study bias by both performing a sensitivity analysis to
identify any outliers and excluding any studies that reported significant
baseline differences between groups; no outliar studies were identified
or excluded.

Conclusion

In conclusion, our meta-analysis suggests that all 3 surgical ap-
proaches are viable options for TTSF repair, and the choice of approach
should be made based on the individual needs of the patient. The Wiltse
approach may be preferred for cases where shorter operative times,
less intraoperative bleeding, and better postoperative vertebral body an-
gle are desired. The percutaneous approach may be preferred for cases
where shorter operative times and a lower risk of perioperative compli-
cations are desired.
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