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Abstract

Aim To compare the efficacy and safety of synthetic and biological meshes in ventral hernia repair (VHR) and
abdominal wall reconstruction (AWR).

Methods We screened all clinical trials that reported the application of synthetic and biological meshes in VHR and
AWR using Medline, Web of Science, and Embase (Ovid). Only comparative studies with similar baselines such as
age, sex, body mass index, degree of wound contamination, and hernia defects between the intervention and control
groups were included. Effect sizes with 95% confidence were pooled using a random- or fixed-effects model based on
the size of heterogeneity. A sensitivity analysis was performed to test the stability of the results.

Results Ten studies with 1305 participants were included. Biological meshes were associated with significantly
higher recurrence rate (OR, 2.09; 95% CI 1.42-3.08; P= 50%), surgical site infection (OR, 1.47; 95% CI 1.10-1.97;
I? = 30%), higher re-admission rate (OR, 1.51; 95% CI 1.05-2.17; I? = 50%), and longer length of hospital stay
(SMD, 0.37; 95% CI 0.10-0.65; P= 72%). Similar surgical site occurrence, re-operation rate, and mesh explantation
rate were observed among biological and synthetic meshes. Biological meshes have no difference in recurrence rate
as compared to synthetic meshes, between the clean-contaminated, and contamination-infected fields (OR, 1.41; 95%
CI 0.41-4.87 vs 3.00; 95% CI 1.07-8.46; P = 0.36).

Conclusion Synthetic meshes are a safe alternative to biological meshes for VHR and AWR. Considering the high

cost of biological meshes, synthetic meshes are more appropriate for the VHR and AWR.

Introduction

Ventral hernia repair (VHR) is a commonly performed
surgical procedure in clinical practice. In the United States,
it is estimated that on average, more than 600, 000 VHR
procedures are performed annually [1]. Compared to suture
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repairs, the use of a mesh can significantly reduce the
recurrence of ventral hernia from 8.2 to 2.7% [2].

Several types of prosthetic meshes have been used for
VHR and abdominal wall reconstruction (AWR), including
biological and synthetic meshes. Synthetic mesh is most
commonly used for hernia repair, because of its low cost
and high strength. However, multiple studies have argued
that using synthetic materials in VHR and AWR results in a
high rate of wound complications, including wound
infection and surgical removal of previously planted mesh
[3-5]. Consequently, prior studies have suggested using
biological mesh as an alternative to synthetic mesh in
contaminated incisions, because biological mesh seems to
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show advantages in anti-infection and biocompatibility
[6, 7].

There is no consensus regarding the materials to be used
in VHR and AWR. Several randomized controlled trials
(RCT) published recently have shown that the use of
synthetic mesh in abdominal hernia repair has similar or
lower recurrence and complication rates than biological
mesh [8-10].

Several meta-analyses have compared the efficacy and
safety of synthetic and biological meshes in VHR [11, 12].
The evidence from these meta-analyses is weak, mainly
because most of the included clinical trials had non-com-
parative designs. In addition, the baseline of the included
studies was significantly different. The degree of wound
contamination and the mean size of the defect area were
significantly different between the biological mesh group
and the synthetic mesh group in the same study. Therefore,
the pooled results of studies with significantly different
baseline values may have been misleading. Recently, sev-
eral high-quality randomized controlled trials have been
published [8-10], and it seems prudent to conduct an
updated rigorous meta-analysis comparing biological and
synthetic meshes for VHR and AWR.

Methods

This meta-analysis and systematic review were conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. After a preliminary literature search, this pro-
ject was registered on the PROSPERO website (ID:
CRD42022380412), and all subsequent analyses were
performed using the registered protocol.

Search strategy and selection criteria

We systematically searched MEDLINE, Web of Science,
and Embase (Ovid) to identify relevant studies published
before November 17, 2022. Only studies written in English
were included in this meta-analysis. We also carefully read
the reference lists of the included studies and reviews to
avoid missing any potential studies. The main search terms
and their combinations were ventral hernia, abdominal wall
reconstruction, synthetic mesh, and biological meshes. The
detailed literature retrieval syntax strategy is presented in
Supplementary Table 1.

Study selection
Two researchers (Dongchao Yang and Wenpei Dong) fil-

tered the relevant studies by screening titles and abstracts
from the results of a systematic search. Disputes were

resolved through discussion with a third reviewer (Hekai
Shi). The inclusion criteria were as follows: (1) head-to-
head clinical trials; (2) patients from biological and syn-
thetic groups had similar baselines, such as age, BMI (body
mass index), degree of wound contamination distribution,
and hernia defect size (3) patients received nonabsorbable
synthetic mesh or absorbable biological mesh in VHR or
abdominal wall reconstruction (4) reported at least one of
following outcomes: surgical site infection (SSI), surgical
site occurrence (SSO), hernia recurrence (HR), length of
hospital stay, re-admission, re-operation, and mesh
explantation. Studies that failed to meet these criteria were
excluded.

Data extraction and risk of bias assessment

Two investigators (Wenpei Dong and Dongchao Yang)
extracted the following information from the included
studies: name of the first author, publication year, sample
size, basic demographic data of the patients, degree of
wound contamination, and outcomes of interest mentioned
previously. Centers for Disease Control and Prevention
(CDC) wound classification was used to describe wound
contamination. CDC 1-4 were corresponding to clean,
clean-contaminated, contaminated, and dirty, respectively.
Any conflicts between the two investigators were resolved
through discussion with a third reviewer (Hekai Shi).

We defined SSO as events occurring at the surgical site,
including seroma, hematoma, and cellulitis. If a study
reported multiple SSI and SSO at different time points, we
only included the data reported at or closest to 1 month
after the operation. The long-term outcome was HR. Short-
term outcomes included SSI, SSO, length of hospital stay,
re-admission, re-operation, and mesh explantation.

Two reviewers independently evaluated the quality of
included studies. We used the Risk of Bias in Non-ran-
domized Studies of Interventions (ROBINS-I) to assess the
quality of the non-randomized trials. The Risk of Bias 2
(ROB2) tool was used for randomized controlled clinical
trials. If graded as low or moderate risk in ROBINS-I or
ROB2, we considered this study to be of relatively high
quality.

Statistical analysis

We conducted this meta-analysis using R software
(GitHub, San Francisco, US; version 4.1.2) with the
“meta” package (version 5.2-0). We used I> statistics to
evaluate the size of heterogeneity, and I* > 50% and
P < 0.05 was considered significant. If there was signifi-
cant heterogeneity, we used a random-effects model.
Otherwise, a fixed effects model was used. All effect sizes
with 95% CI were calculated using a random-effects or
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fixed-effects model based on the size of heterogeneity. A
sensitivity analysis was performed to determine whether
any study included in this meta-analysis had a significant
impact on the overall findings. We conducted a subgroup
analysis to identify HR with synthetic and biological
meshes in clean-contaminated and contamination-infected
fields. P < 0.05 (two-tailed) was considered statistically
significant in all analyses.

Results
Study characteristics

After a systematic search, 3564 relevant studies were
preliminarily included. Finally, we identified 10 studies
with 1305 patients based on the previously established
inclusion and exclusion criteria (Fig. 1) [8-10, 13-19].
The one of the most common reason for exclusion was that
the studies had an apparent difference at baseline between
the biological and synthetic mesh groups. Supplementary
Table 2 lists these studies in reference format.

Table 1 presents the characteristics of the included
studies. The mean patient age ranged from 51 to 62.3 years
old. The mean BMI of the included patients was relatively
high, from 26.9 (standard deviation, SD:5.7) to 38.6
(SD:9.6). Four studies were randomized controlled trials
[8-10, 18] while the remaining six were retrospective
[13-17, 19]. Nine studies reported the wound class in
detail, and 30.1% of the patients had clean wounds
(n = 346). Seven studies examined polypropylene-based
meshes [8-10, 13, 15, 18, 19], two examined polyester/
polypropylene/polytetrafluoroethylene meshes [14, 17],
and one study did not report the specific material of the
synthetic meshes [16]. For the biological mesh, six studies
used a porcine dermis-derived matrix [8, 9, 16-19], two
studies examined porcine small intestinal submucosa-
derived material [10, 15], and two studies partly used
human dermis/bovine pericardium mesh [13, 14]. The
mean hernia size varied from 52.55 (SD:56.53) to 356
(SD:251) mm”.
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Operative techniques

Five studies reported the location of the mesh
[13, 14, 17-19], and the majority of the mesh position were
retro muscular (n = 357, 70.6%), followed by preperitoneal
(n = 106, 20.9%). The surgical approach was open in six
studies [8, 9, 16-19], one study used both open and
laparoscopic surgical techniques [10], and three studies did
not report this. Overall, there was considerable variation in
fascial closure rates across studies, as well as in component
separation rates. Five studies reported fascial closure in
89.3% (n = 626) of the patients. The fascial closure rate
ranged from 40 to 100% in the included studies
[8, 9, 16, 18, 19]. Five studies reported on component
separation, with a component separation technique per-
formed in 52.2% of patients (n = 283) [8, 15, 17-19]. The
component separation rates ranged from 16.7 to 89.5%.
Eight studies reported a mean operative time of 217 min.

Risk of bias assessment

The results of the ROBINS-I and ROB2 showed that most
of the included studies were of moderate quality
[9, 13—-19]. Common sources of bias for non-RCTs inclu-
ded the selection of participants and missing data. For the
RCTs, the common sources of bias were the randomization
process and missing outcome data. Supplemental Table 3
presents the results of the quality assessment.

Hernia recurrence

Seven studies with 875 patients compared the incidence of
HR for synthetic and biological meshes in head-to-head
clinical trials (Fig. 2). Our pooled results showed that
biological meshes had significantly higher HR (odds
ratio, OR, 2.09; 95% CI 1.42-3.08) than synthetic meshes.
There was moderate heterogeneity, with an I* value of 50%

(95% CI 9.1-28.5%) and that for synthetic mesh was
10.4% (95% CI 6.2—-17.0%). Subgroup analyses were per-
formed based on the degree of wound contamination
(Supplementary Fig. 1). Biological meshes do not show
advantages in decreasing recurrence rates compared to
synthetic meshes in CDC 1-2 and CDC 3—4 groups (OR,
1.41; 95% CI 0.41-4.87 vs 3.00; 95% CI 1.07-8.46;
P =0.36).

SSI and SSO

Ten studies with 1356 patients revealed that biological
meshes have a significantly higher SSI than synthetic mesh
in ventral hernia repair (OR, 1.47; 95% CI 1.10-1.97;
Fig. 3a) with low heterogeneity (I* = 30%, P = 0.17). The
pooled SSI rates for biological and synthetic meshes were
21.5% (95% CI 14.76-30.2%) and 14.5% (95% CI
9.1-22.5%), respectively.

Six studies involving 842 patients reported the occur-
rence of SSO during ventral hernia repair. The SSO of the
biological mesh was similar to the synthetic mesh (OR,
1.46; 95% CI:0.8-2.67; Fig. 3b). Moderate heterogeneity
was observed (I* = 64%, P = 0.02). SSO rate for biological
mesh was 33.5% (95% CI 15.2-58.6%), and 24.3% (95%
CI 15.8-35.6%) for synthetic mesh.

Mesh explantation and length of hospital stay

Six studies with 842 participants reported 23 mesh
explantations (Fig. 4a). Compared to synthetic mesh, the
mesh explantation of biological mesh did not reach a sig-
nificant level (OR, 0.52; 95% CI 0.22-1.2) with low
heterogeneity (I = 0%, P = 0.47). Mesh explantation for
biological mesh was 33.5% (95% CI 15.2-58.6%), and
24.3% (95% CI 15.8-35.6%) for synthetic mesh.

Pooled results from ten studies with 1356 patients sug-
gested that compared to synthetic meshed, biologic meshes

(P =0.06). The HR rate for biological mesh was 16.7%  have a significantly longer length of hospital stay
Biological Synthetic Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Harris 2021 32 82 18 83 —_— 231 [1.16; 4.59] 29.8% 22.0%
Koscielny 2017 6 24 3 24 ——:E— 2.33 [0.51;10.69] 6.1% 11.1%
Liang 2014 3 40 9 40 —_—s— 028 [0.07; 1.12] 22.7% 12.4%
Majumder 2016 15 69 4 57 — 3.68 [1.15; 11.81] 9.4% 15.0%
Miserez 2021 23 128 7 125 —_—— 3.69 [1.52; 8.96] 15.9% 18.9%
Olavarria 2020 10 44 5 43 ——jﬁ— 224 [0.69; 7.19] 10.7% 14.9%
Shao 2021 1 58 2 58 i : 049  [0.04; 5.57] 5.4% 5.7%
Common effect model 445 430 é 2.09 [1.42; 3.08] 100.0% -
Random effects model [— 1.90 [1.00; 3.62] - 100.0%
Heterogeneity: 17 = 50%, 7 = 0.3689, p = 0.06 ! ' ' !
0.1 05 1 2 10
Fig. 2 Forest plot comparing the rate of HR between biological and synthetic meshes
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Biological Synthetic
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Chamieh 2017 17 34 7 24 —t 2.43 [0.80; 7.35] 5.4%
Harris 2021 32 82 28 83 — 126 [0.67; 2.37] 22.4%
Herrero 2021 12 59 4 60 ; = 3.57 [1.08;11.82] 4.2%
Koscielny 2017 6 24 5 24 - 127 [0.33; 4.89]  5.0%
Liang 2014 8 40 14 40 —a— 046 [0.17; 1.28] 14.8%
a Majumder 2016 22 69 7 57 —i—l— 3.34 [1.31; 8.55] 6.9%
Miserez 2021 8 128 5 125 & 1.60 [0.51; 5.03] 6.3%
Olavarria 2020 T 44 4 43 - 1.84 [0.50; 6.82] 4.5%
Rosen 2022 27 178 19 126 —_— 1.01 [0.53; 1.90]  25.0%
Shao 2021 9 58 5 58 i 1.95 [0.61; 6.21] 5.6%
Common effect model 716 640 - 147 [1.10; 1.97] 100.0%
Heterogeneity: /2 = 30%, #=0.1172, p = 0.17 J I J |
0.1 0.5 1 2 10
Biological Synthetic Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Harris 2021 17 82 18 83 —t— 094 [0.45; 1.99] 25.5% 18.7%
b Herrero 2021 20 59 1 60 e 228 [0.98; 5.33] 12.9% 17.3%
Koscielny 2017 19 24 12 24 _— 3.80 [1.07;13.52] 4.5% 12.1%
Liang 2014 20 40 16 40 —r 150 [0.62; 3.64] 14.4% 16.7%
Majumder 2016 29 69 13 57 ——— 245 [1.12; 5.36] 14.8% 18.2%
Rosen 2022 9 178 14 126 —— 0.43  [0.18; 1.02] 27.9% 17.0%
Common effect model 452 390 é 140 [1.00; 1.98] 100.0% =
Random effects model e ———— 146 [0.80; 2.67] - 100.0%
Heterogeneity: /% = 64%, # = 0.3612, p = 0.02 f T T I
0.1 05 1 2 10
Fig. 3 Forest plot comparing the surgical site infection (a) and surgical site occurrence (b) between biological and synthetic meshes

(standardized mean difference, SMD: 0.37; 95% CI
0.10-0.65; Fig. 4b) with high heterogeneity (I* = 72%,
P < 0.01). LOS for biological mesh was 10.04 (95% CI
6.96-13.13) days and 7.27 (95% CI 5.86-8.69) days for
synthetic mesh.

Re-admission and re-operation

Seven studies (751 patients mentioned a total of 171 cases
of re-admission. Pooled results indicated that biological
meshes significantly increase the incidence of re-admission
(OR, 1.51; 95% CI 1.05-2.17; Fig. 5a) with accept-
able heterogeneity (I = 50%, P = 0.06). The pooled inci-
dence of re-admission for biological mesh was 26.4% (95%
CI 19.0-35.5%), and 15.6% (95% CI 6.9-31.9%) for syn-
thetic mesh.

Five studies, involving 597 patients, reported 92
unplanned surgeries. Biological meshes tend to increase the
chances of re-operation but did not reach the significant
level (OR 1.51, 95% C1 0.94-2.41; Fig. 5b) with negligible
heterogeneity (I = 11%, P = 0.34). The incidence of re-
operation for biological mesh was 17.9% (95% CI
11.3-27.4%), and 13.1% (95% CI1 5.7-27.5%) for synthetic
mesh.

Sensitivity analysis

The results of the sensitivity analysis showed that exclud-
ing one study and analyzing the remaining studies, the
results of recurrence rate, mesh implantation, re-operation,
and length of stay showed good stability. However, the
pooled effect sizes of SSI, SSO, and re-admission results
were unstable and favorable to synthetic meshes in some
conditions (Supplementary Fig. 2).

Discussion

This meta-analysis included ten studies (four RCTs) with
1356 patients, suggesting that biological and synthetic
meshes have similar SSO, and mesh explantation. How-
ever, biological mesh was associated with significantly
higher recurrence rate, SSI, re-admission, and length of
hospital stay. In addition, biological meshes have trend to
increase the re-operation rate. Data from our subgroup
analysis indicated no difference in recurrence rates
between synthetic and biological meshes in CDC 1-2 and
CDC 3-4 wounds. Additionally, the cost of biological
meshes is significantly higher than synthetic meshes [2].
Therefore, a synthetic mesh is more appropriate for
abdominal wall hernia repair.

@ Springer



2422 World J Surg (2023) 47:2416-2424
Biological Synthetic
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Harris 2021 1 82 5 83 _— 0.19 [0.02; 1.69]  31.3%
Herrero 2021 2 59 1 60 * 2.07 [0.18; 23.47] 6.1%
a Koscielny 2017 0 24 2 24 —— 0.18 [0.01; 4.04] 15.6%
Liang 2014 2 40 6 40 —_— 0.30 [0.06; 1.58]  36.4%
Majumder 2016 2 69 1 57 — 167 [0.15; 18.92] 6.8%
Rosen 2022 1 178 0 126 : 214 [0.09; 52.91] 3.7%
Common effect model 452 390 <>> 0.52 [0.22; 1.20] 100.0%
Heterogeneity: 12=0%, £=0, p =047 f ' T !
0.01 0.1 1 10 100
Biological Synthetic Standardised Mean
o )
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Chamieh 2017 34 1109 12.83 24 700 490 040 [-0.13;092]  8.6%
: 018, 5
Harris 2021 82 820 620 83 750 5.00 - 012 [-0.18;043]  10.9%
Herrero 2021 59 874 665 60 7.07 695 4= 025 [-0.12;061]  10.4%
. . 0,
b Koscielny 2017 24 2200 6.30 24 1200 3.10 : — 201 (131271 6.9%
. - - . 0,
Liang 2014 40 1623 3920 40 18.02 51.36 —5 0.04 [-0.48;040]  9.6%
Majumder 2016 69 10.80  6.40 57 770  3.10 - 0.60  [0.24;0.96]  10.4%
Miserez 2021 128 524 281 125 470 225 = 021 [-0.04,046]  11.5%
Olavarria 2020 44 626 9.04 43 471 526 = 0.21 [-0.21;0.63]  9.7%
Rosen 2022 178 870 459 126 7.00 297 —_ 043 [0.19;066]  11.6%
. 097 N
Shao 2021 58 770 5.0 58 710 7.30 - 010 [-027;046]  10.3%
Random effects model 716 640 — 0.37  [00;0.65] 100.0%
Heterogeneity: 1 = 72%, ¢ = 0.1516, p < 0.01 _é ! ! !
-1 0 1 2
Fig. 4 Forest plot evaluating the mesh explantation (a) and the length of hospital stay (b) between biological and synthetic meshes
Biological Synthetic Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Chamieh 2017 18 34 1 24 133 [0.47; 3.79] 12.7% 14.8%
Harris 2021 24 82 27 83 = 0.86  [0.44; 1.66] 39.6% 21.0%
Herrero 2021 10 59 2 60 —_— 592 [1.24;28.31] 3.4% 9.2%
q Leng2014 15 40 18 40 —_— 0.73  [0.30; 1.79] 23.5% 17.1%
Majumder 2016 15 69 4 57 e 3.68 [1.15;11.81] 7.2% 13.2%
Olavarria 2020 10 44 4 43 i 2.87 [0.82; 9.98] 6.5% 12.3%
Shao 2021 9 58 4 58 e 248  [0.72; 8.57] 71% 12.4%
Common effect model 386 365 < 151 [1.05 247  100.0% -
Random effects model - 1.71  [0.96; 3.03] - 100.0%
Heterogeneity: /2 = 50%, 7 = 0.2941, p = 0.06 f T T !
0.1 05 1 2 10
Biological Synthetic
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Chamieh 2017 9 34 8 24 — 072 [0.23;2.25] 23.8%
b Herrero 2021 6 59 3 60 — 2.15 [0.51;9.04] 9.2%
Liang 2014 14 40 14 40 —_— 1.00 [0.40;2.51] 31.4%
Miserez 2021 22 128 9 125 ——E 268 [1.18;6.07] 26.0%
Olavarria 2020 4 44 3 43 - 1.33  [0.28;6.34] 9.5%
Common effect model 305 292 -O 1.51 [0.94;2.41] 100.0%
Heterogeneity: /2= 11%, % = 0.1002, p = 0.34 f T J
0.2 0.5 1 2

Fig. 5 Forest plot evaluating the re-admission rate (a) and re-operation rate (b) between biological and synthetic meshes
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Regardless of the type of prosthesis used, wound com-
plications can occur after hernia repair, particularly in
contaminated fields. Bacterial load and colonization can
inhibit mesh integration, eventually resulting in unplanned
mesh explantation. The morphological characteristics of
meshes can affect bacterial adhesion. Sanders performed an
in vitro experimental study and found that a polytetraflu-
oroethylene polymer, multifilament meshes, increased
mesh weight, and smaller mean pore size were associated
with higher bacterial adherence [20]. Therefore, light-
weight meshes with large pores are preferred. Pérez-Kohler
et al. reported that polymers loaded with chlorhexidine
reduced the risk of infection [21]. Blatnik et al. further
showed that monofilament polypropylene and polyester
meshes could clear a large percentage of methicillin-re-
sistant S. aureus (MRSA) contaminants [22]. In our anal-
ysis, most of the included studies used synthetic meshes
with macroporosity and light to medium weight, which
may have contributed to the lower SSI.

Previous studies have suggested that using a biological
mesh can improve bacterial clearance [23, 24]. In addition,
Baumann et al. suggested that biological meshes in the host
remodel tissue through neocellularization, neovasculariza-
tion, and collagen deposition, instead of scar tissue and
encapsulation [24]. However, our results showed that the
recurrence and SSI rate of biological meshes was signifi-
cantly higher than that of synthetic meshes. Silva analyzed
14 porcine mesh explants and detected no evidence of
xenograft remodeling [25]. After MRSA or Escherichia
coli colonization, the biomechanical properties of the bio-
logical meshes decreased significantly [26, 27]. Majumder
et al. assumed that synthetic meshes serve as a scaffold to
provide internal reinforcement rather than as a large con-
tinuous laminar flow barrier such as a biological prosthesis
[17]. These structural differences may lead to slower
integration and greater foreign body reactions in the bio-
prosthesis [17].

Our study builds on several previously published meta-
analyses [11, 12, 28]. Morales-Conde et al. conducted a
single-arm meta-analysis of articles reporting the outcomes
of biological and synthetic meshes [11]. This study had
several limitations. Most of the included studies were not
randomized controlled trials, and the pooled results were
the percentages of complications derived from different
meshes. The quality of the included studies was low and
only two were randomized controlled trials. Another meta-
analysis conducted by Morris et al. included only six head-
to-head clinical trials comparing the efficacy and safety of
synthetic and biological meshes, and these included studies
had statistically different baselines, such as hernia size, and
wound contamination, which may cause significant con-
founding biases in the pooled results [12].

The advantage of this analysis was that a large number
of head-to-head studies were included. Confounding bias
was avoided in the included studies. The experimental and
control groups in the same study had similar ages, BMI,
sex percentages, defect areas, and wound contamination.
Our results are more robust than those of previous meta-
analyses. Homogeneous pooled data suggest that biological
meshes lead to higher SSI.

This study has some limitations. First, only a few types
of mesh materials were included. We did not include
absorbable synthetic meshes (e.g., meshes made of polyg-
lycolic acid, trimethylene carbonate materials, poly-4-hy-
droxybutyrate, and so on) and biosynthetic meshes. Most of
the biological meshes used in the included studies were
derived from porcine dermis, and we did not compare the
outcomes of different types of biological meshes. Second,
heterogeneity was high for some pooled outcomes such as
SSO (I* = 64), and LOS (I* = 72%). Third, the included
studies used different wound contamination grading sys-
tems, and the effectiveness of these systems may differ. We
divided studies into “CDC 1-2” and “CDC 3-4” groups
based on the degree of contamination of the majority of
included patients, which may cause potential bias. Lastly,
because the number of included studies for most outcomes
was less than 10, we did not calculate the publication bias.
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