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Abstract
Cesarean section (CS) delivery is a common procedure, and its incidence is increasing globally. To compare
single-layer (SL) with double-layer (DL) uterine closure techniques after cesarean section in terms of
ultrasonographic findings and rate of CS complications. PubMed, Scopus, Web of Science, and Cochrane
Library were searched for relevant randomized clinical trials (RCTs). Retrieved articles were screened, and
relevant studies were included in a meta-analysis. Continuous data were pooled as mean difference (MD)
with 95% confidence interval (CI), and dichotomous data were pooled as relative risk (RR) and 95% CI.
Analysis was conducted using RevMan software (Version 5.4). Eighteen RCTs were included in our study.
Pooled results favored DL uterine closure in terms of residual myometrial thickness (MD = -1.15; 95% CI -
1.69, -0.60; P < 0.0001) and dysmenorrhea (RR = 1.36; 95% CI 1.02, 1.81; P = 0.04), while SL closure had
shorter operation time than DL closure (MD = -2.25; 95% CI -3.29, -1.21; P < 0.00001). Both techniques had
similar results in terms of uterine dehiscence or rupture (RR = 1.88; 95% CI 0.63, 5.62; P = 0.26), healing
ratio (MD = -5.00; 95% CI -12.40, 2.39; P = 0.18), maternal infectious morbidity (RR = 0.94; 95% CI 0.66, 1.34;
P = 0.72), hospital stay (MD = -0.12; 95% CI -0.30, 0.06; P = 0.18), and readmission rate (RR = 0.95; 95% CI
0.64, 1.40; P = 0.78). Double-layer uterine closure shows more residual myometrial thickness and lower
incidence of dysmenorrhea than single-layer uterine closure of cesarean section scar. But single-layer
closure has the advantage of the shorter operation time. Both methods have comparable blood loss amount,
healing ratio, hospital stay duration, maternal infection risk, readmission rate, and uterine dehiscence or
rupture risk.

Categories: Obstetrics/Gynecology
Keywords: double-layer, single-layer, uterine closure, residual myometrium thickness, cesarean section

Introduction And Background
Cesarean section (CS) incidence is increasing globally through recent years, reaching 25% of total deliveries
in some countries [1]. This rise in the incidence of CS increases the events of CS-related complications [2].
CS complications include infection, hemorrhage and thromboembolism as short-term complications in
addition to the long-term complications and symptoms including dysmenorrhea, dysuria, abnormal uterine
bleeding, and infertility [2,3]. Some CS complications − such as placenta accreta, uterine rupture or
dehiscence, and CS scar pregnancy − may be manifested during a subsequent pregnancy due to a defective
uterine scar [3]. The prevalence of uterine scar defect in women with previous CS is unexpectedly high,
ranging from 56% to 84% when examined by transvaginal ultrasonography with contrast [4]. 

In pregnant women with a previous cesarean delivery, the risk of uterine rupture during a subsequent trial of
labor has to be assessed. Its assessment is done using ultrasonographic measurement of the lower uterine
segment and the residual myometrial thickness (RMT) [5]. Defective RMT was linked to a higher risk of
adverse outcomes, including postmenstrual spotting, uterine dehiscence or rupture, placental adherence,
failure of labor trial, and more complications of CS scar pregnancy [6]. It has been hypothesized that uterine
incision closure technique may be associated with the development of the uterine niche and subsequent CS-
related adverse outcomes [4].

The surgical method of uterine closure after CS is suggested to affect the RMT, uterine scar defect, and the
healing of the uterine scar. However, clear evidence of the best method for uterine closure is not established
[7], and no evidence-based guideline for the closure technique is present [8]. Previous studies reported that
double-layer (DL) closure has thicker residual myometrium and a lower incidence of large defects than
single-layer (SL) closure. However, a clear conclusion about other clinical outcomes is still lacking [9]. 

This systematic review and meta-analysis aim to compare the ultrasonographic findings and complication
rate of single-layer (SL) versus double-layer (DL) uterine closure techniques after CS procedure.
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Methods
This systematic review and meta-analysis followed the steps described in the "Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)" and in the "Cochrane handbook for systematic reviews of
interventions" [10,11].

Data Collection and Search Strategy

We searched PubMed, Scopus, Web of Science, and Cochrane library databases for published randomized
control trials (RCTs) from inception till June 2021. We used the following keywords: "surgical technique,"
"endometrium," "suture technique," "single-layer," "double-layer," "cesarean section," and "postcesarean." We
applied no restrictions regarding age, publication date, the indication of cesarean section, or the number of
previous deliveries.

Inclusion and Exclusion Criteria

We included RCTs that compared SL versus DL uterine closure techniques after cesarean section delivery and
reported any of the ultrasonographic outcomes or adverse events. We excluded observational studies,
reviews, non-randomized trials, cross-sectional studies, editorials, abstracts, thesis, letters, books, and
chapters.

Screening and Study Selection

Retrieved records were imported to Endnote software, and duplicates were removed. The remaining records
underwent title and abstract screening then full-text screening according to our eligibility criteria. Three
reviewers performed the screening process independently, and any disagreement was solved by discussion.
Eligible articles were included in the meta-analysis.

Data Extraction

All study authors shared in the data extraction. We extracted data related to the following domains: (1)
summary of the included studies, including the study name, national clinical trial (NCT) number registration
number, country where the study was carried out, sample size, period of follow-up, and study outcomes, (2)
baseline characters of the included studies' population, including study arms, age of the participant,
gestational age at delivery, body mass index, birth weight, nulliparity, preterm delivery, multiple pregnancy,
elective cesarean delivery, and prior cesarean deliveries, (3) outcomes, including residual myometrial
thickness, dysmenorrhea, uterine dehiscence or rupture, healing ratio, blood loss, operative time, maternal
infectious morbidity, hospital stay, and readmission rate, and (4) quality assessment domains.

Quality Assessment

According to the Cochrane Collaboration tool for risk of bias assessment in randomized studies, we
evaluated the quality of the included studies [12]. The tool included the judgment of the selection,
performance, detection, attrition, reporting, and other bias domains. Each domain was judged as low, high,
or unclear risk of bias. At least two independent reviewers judged each domain and conflicts were solved by
discussion.

Statistical Analysis

Data analysis was conducted using review manager (RevMan) software version 5.4. Data of continuous
outcomes were reported as mean difference (MD) and 95% confidence interval (CI) using the Inverse-
Variance method, and dichotomous data were reported as relative risk (RR) and 95% CI using the Mantel-
Haenszel method. We assessed heterogeneity using chi-square and I-square tests, and heterogeneity was
considered significant at chi-square P-value < 0.1 and I2 > 50%. We used the random-effects model for
analysis. Whenever pooled data are heterogeneous, we tried to solve the heterogeneity by sensitivity analysis
using the leave-one-out test and subgroup analysis. We performed a subgroup analysis, when applicable,
according to the used suturing technique, whether locked or unlocked sutures, and whether the decidua is
included or excluded from suturing.

Results
Literature Search and Study Selection

Searching electronic databases yielded a total of 3926 articles. After removing duplicates, we had 3018
unique articles that underwent title and abstract screening. Of these articles, 2907 were excluded, and 111
full-texts were retrieved and screened according to our eligibility criteria. Finally, 18 studies were
considered eligible for inclusion in the meta-analysis [3,8,13-28]. Figure 1 summarizes the flow of the study
selection process and data collection.
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FIGURE 1: PRISMA flow chart summarizing the process of data
collection and study selection.
PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses.

Characteristics of the Included Studies

Included studies were performed in various countries. The sample size varied considerably across studies,
ranging from 30 to 7411. The follow-up period varied from six weeks in some studies to 6-24 months in
other studies. The mean age of included patient groups ranged from 24 to 32 years, while mean gestational
age ranged from 37.8 to 40 weeks. Table 1 and Table 2 show the summary of included studies and the
baseline characters of included patients, respectively.
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ID Country NCT
Sample
size

Follow-
up

Outcomes

Bamberg 2016
[14]

Germany
NCT
02338388

306 6-24 M
Residual myometrium thickness, blood loss, operative time,
maternal infectious morbidity

Bennich 2016
[15]

Denmark NCT02144805 76 5 M
Residual myometrium thickness, dysmenorrhea, healing ratio, blood
loss, operative time

CAESAR 2010
[13]

Multicenter
ISRCTN
11849611

2979 6 W
Operative time, maternal infectious morbidity, hospital stay,
readmission rate

Chapman 1997
[16]

United
States

- 145 4 Y Uterine rupture, hospital stay

CORONIS
2016 [3]

International
OXTREC;
013-06a

7411 3 Y Dysmenorrhea, uterine rupture

El-Gharib 2013
[18]

Egypt - 150 6 W
Residual myometrium thickness, operative time, maternal infectious
morbidity, hospital stay

Hamar 2007
[19]

United
States

NCT00224250 30 6 W Residual myometrium thickness, blood loss, operative time

Hanacek 2019
[20]

Czech
Republic

- 540 12 M Residual myometrium thickness, maternal infectious morbidity

Hauth 1992
[21]

United
States

- 906 - Maternal infectious morbidity

Kalem 2019
[22]

Turkey - 138 - Residual myometrium thickness, dysmenorrhea, operative time

Khamees 2018
[17]

Egypt - 80 - Residual myometrium thickness, blood loss, operative time

Roberge 2016
[24]

Canada NCT01860859 54 6-12 M
Residual myometrium thickness, healing ratio, blood loss, operative
time, maternal infectious morbidity

Sevket 2014
[25]

Turkey - 36 6 M
Residual myometrium thickness, healing ratio, blood loss, operative
time

Shrestha 2015
[26]

Nepal - 50 6 W Residual myometrium thickness

Sood 2005 [23] India - 208 6 W
Blood loss, operative time, maternal infectious morbidity, hospital
stay

Stegwee 2020
[8]

Netherlands 2015.462 2852 9 M
Residual myometrium thickness, healing ratio, blood loss, operative
time, hospital stay, readmission rate

Yasmin 2011
[27]

Pakistan - 60 6 W
Residual myometrium thickness, uterine rupture, blood loss,
operative time

Yilmazbaran
2020 [28]

Turkey NCT03629028 282 6-9 M Residual myometrium thickness, dysmenorrhea, operative time

TABLE 1: Summary of the included studies.
W, weeks; M, months; Y, years; NCT, National Clinical Trial; ISRCTN, International Standard Randomized Controlled Trial; OXTREC, Oxford Tropical
Research Ethics Committee.

ID Arms Number
Age,

year

Gestational age at

delivery, week

Body mass index,

kg/m2

Birthweight,

kg
Nulliparity

Preterm

delivery
Multiples

Elective

cesarean

Prior cesarean

deliveries

Bamberg 2016

[14]

SL 149
31.8 ±

5.6
37.8 ± 2.2 26.1 ± 5.7 3.15 ± 0.75 63 (42 %) 28 (19 %) 16 (11 %) 117 (78 %) 55 (37%)
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DL 129
30.3 ±

6.5
37.3 ± 2.3 25.6 ± 6.2 3.09 ± 0.67 48 (37 %) 25 (19 %) 13 (10 %) 103 (79 %) 57 (44%)

Bennich 2016

[15]

SL 35
30.3 ±

4.5
38.7 ± 0.6 24.6±4.8 - 35 (47.9) - - 35 (47.9) -

DL 38
30.5 ±

5.5
38.9 ± 0.7 24.1±3.5 - 38 (52.1) - - 38 (52.1) -

CAESAR 2010

[13]

SL 1483
30.6 ±

5.9
39.0 ± 2.0 - - 989 (67) - 79 - -

DL 1496
30.6 ±

5.9
39.1 ± 1.9 - - 480 (32) - 76 - -

Chapman 1997

[16]

SL 70 - 37 ± 5.2 - - - 14 - - -

DL 75 - 40 ± 3.7 - - - 25 - - -

CORONIS 2016

[3]

SL 4705 - - - - - - - - -

DL 4711 - - - - - - - - -

El-Gharib 2013

[18]

SL 75
28.84 ±

3.4
39.11 ± 0.7 - 2.86 ± 0.6 75 (100%) - - - 0 (0%)

DL 75
28.36 ±

3.2
39.16 ± 0.7 - 2.87 ± 0.6 75 (100%) - - - 0 (0%)

Hamar 2007

[19]

SL 15 30 ± 7 39.3 ± 0.5 - 3.35 ± 0.75 11 (73%) - - - -

DL 15 25 ± 7 38.6 ± 0.9 - 3.44 ± 0.43 8 (53%) - - - -

Hanacek 2019

[20]

SL 149
31 (29-

34)
40 (39-41) 22.4 (20.4-25.3) - - -  - -

DL 175
32 (29-

34)
40 (40-41) 22.3 (20.1-24.2) - - -  - -

Hauth 1992 [21]

SL 457 24.2 38 - - 220 (48%) - 16 (6%) - 126 (28%)

DL 449 24.6 37.8 - - 239 (53%) - 20 (4%) - 99 (22%)

Kalem 2019 [22]

SL 68
29.25 ±

6.27
38.5 ± 2.7 26.04 ± 2.37 3.23 ± 0.51 - - - - -

DL 70
28.94 ±

5. 17
39.4 ± 3.6 25.90 ± 2.28 3.26 ± 0.49 - - - - -

Khamees 2018

[17]

SL 40 - - - - 40 (100%) - - - 0 (0%)

DL 40 - - - - 40 (100%) - - - 0 (0%)

Roberge 2016

[24]

SL 27
30.8 ±

4.0
39.2 ± 0.6 25.1 ± 4.7 3.35 ± 0.379 22 - - - -

DL with locked

sutures
27

31.1 ±

6.4
39.1 ± 0.5 23.5 ± 3.9 3.41 ± 0.44 20 - - - -

DL with unlocked

sutures
27 31 ± 3.7 38.9 ± 0.6 25.1 ± 5.3 3.24 ± 0.47 20 - - - -

Sevket 2014

[25]

SL 15
29.7 ±

6.5
38.6 ± 0.8 - 3.44 ± 0.43  - - - -

DL 16
29.4 ±

7.3
39 ± 1.2 - 3.39 ± 0.38  - - - -

Shrestha 2015

[26]

SL 25
26.04 ±

5.06
38.36 ± 2.21 - - 21 (84%) - - 16 (64%) -

DL 25
23.92 ±

4.32
38.92 ± 1.35 - - 17 (68%) - - 8 (32%) -

SL 102
26.5 ±

38.2 ± 1.5 - - - - - 66 (64.7%) 34 (33.4%)
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Sood 2005 [23]
4.5

DL 106
25.4 ±

3.5
37.8 ± 1.8 - - - - - 75 (70.7%) 37 (35%)

Stegwee 2020

[8]

SL 1144 32 ± 4.7 - 26.4 ± 4.6 - - - 80 (7%) - -

DL 1148
32.1 ±

4.6
- 26.6 ± 4.8 - - - 91 (7.9%) - -

Yasmin 2011

[27]

SL 30 20-35* 37-40* - - - - - - 30 (100%)

DL 30 20-35* 37-40* - - - - - - 30 (100%)

Yilmazbaran

2020 [28]

SL 109
29.8 ±

4.1
38 ± 2 28.9 ± 4.2 3.19 ± 0.57 103 (94.5) - - 79 (72%) -

DL 116
30.8 ±

5.1
38.1 ± 2.1 29.8 ± 4.6 3.26 ± 0.63 105 (91.3) - - 81 (69.3%) -

TABLE 2: Baseline characteristics of the included studies' population.
Data are presented as mean ± standard deviation, median (interquartile range), or number (percentage).

*Range.

SL, single-layer uterine closure; DL, double-layer uterine closure.

Quality Assessment

Most included studies had a low risk of selection bias regarding both selection bias domains: random
sequence generation and allocation concealment. However, the remaining studies were of unclear risk of
selection bias because the reported data are insufficient to judge. Most studies had an unclear risk of
performance bias because they reported scarce details to judge the blinding process of participants and
personnel. In contrast, detection bias was at low risk in most studies due to proper blinding of the outcome
assessor. Attrition bias was at low risk in most studies because the lost data are insufficient to produce bias
results. Reporting bias was judged low risk in most studies because the outcomes of interest were reported as
expected. The "other bias" domain was judged low risk in most studies and unclear in some studies. The risk
of bias graph shows the overall judgment of each risk of bias domain (Figure 2) and the risk of bias summary
summarizes the judgment of each domain in each study (Figure 3).

FIGURE 2: Risk of bias graph.
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FIGURE 3: Risk of bias summary.

Outcomes

Residual myometrial thickness (Figure 4)

The residual myometrial thickness was significantly lower with the SL compared with the DL uterine closure
technique (MD = -1.15; 95% CI -1.69, -0.60; P < 0.0001). Pooled data are heterogeneous (P < 0.00001; I2 =
88%). In the subgroup of locked sutures with inclusion of the decidua, SL uterine closure showed lower RMT
(MD = -1.10; 95% CI -1.81, -0.38; P = 0.003) and the results were heterogeneous, but heterogeneity was
solved after excluding Shrestha 2015 and the results remained significant. Pooled results were also lower
with SL than DL uterine closure in the subgroup of locked sutures with no data about decidual layer
inclusion (MD = -2.51; 95% CI -3.28, -1.75; P < 0.00001), and the results were homogeneous (P = 0.36; I2 =
0%). Also, in the subgroup of unlocked sutures with inclusion of the decidua, SL showed lower RMT than DL
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uterine closure (MD = -0.64; 95% CI -1.14, -0.13; P = 0.01) and the results were homogeneous (P = 0.31; I2 =
14%). Also, the subgroup analysis comparing SL closure using locked sutures versus DL closure using
unlocked sutures showed no significant difference between both groups (MD = -2.24; 95% CI -4.52, 0.04; P =
0.05) and the results were heterogeneous (P < 0.00001; I = 96%).

FIGURE 4: Forest plot comparing single- versus double-layer uterine
closure in terms of residual myometrial thickness.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Dysmenorrhea (Figure 5)

Pooled data showed higher risk of dysmenorrhea with SL than DL uterine closure (RR = 1.36; 95% CI 1.02,
1.81; P = 0.04).Pooled data were homogeneous (P = 0.33; I2 = 12%).

2021 Qayum et al. Cureus 13(9): e18405. DOI 10.7759/cureus.18405 8 of 16

https://assets.cureus.com/uploads/figure/file/264234/lightbox_d4aaef401a2f11ec80e5457fc2c7ecf4-figure-4.png


FIGURE 5: Forest plot comparing single- versus double-layer uterine
closure in terms of dysmenorrhea.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Uterine dehiscence or rupture (Figure 6)

The risk of uterine dehiscence or rupture was similar with SL and DL uterine closure (RR = 1.88; 95% CI 0.63,
5.62; P = 0.26). Pooled results were homogeneous (P = 0.97; I2 = 0%).

FIGURE 6: Forest plot comparing single- versus double-layer uterine
closure in terms of uterine dehiscence or rupture.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Healing ratio (Figure 7)

Healing ratio was comparable with SL and DL uterine closure (MD = -5.00; 95% CI -12.40, 2.39; P = 0.18).

2021 Qayum et al. Cureus 13(9): e18405. DOI 10.7759/cureus.18405 9 of 16

https://assets.cureus.com/uploads/figure/file/264237/lightbox_ffdf92b01a2f11ec95e0156750902233-figure-5.png
https://assets.cureus.com/uploads/figure/file/264239/lightbox_3017a0d01a3011ecad0d73e8150ebce6-figure-6.png


Pooled data were heterogeneous (P = 0.005, I2 = 76%). However, SL uterine closure showed lower healing
ratio in the subgroup of locked sutures with inclusion of the decidual layer (MD = -11.74; 95% CI -21.43, -
2.05; P = 0.02), and pooled data were homogeneous (P = 0.19; I2 = 43%).

FIGURE 7: Forest plot comparing single- versus double-layer uterine
closure in terms of healing ratio.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Blood loss (Figure 8)

Pooled data showed that the amount of blood loss was comparable with SL and DL uterine closure (MD =
7.14; 95% CI -16.21, 30.50; P = 0.55). Pooled results were heterogeneous (P = 0.009; I2 = 61%). However, the
subgroup analysis of patients who had locked sutures with inclusion of the decidua favored DL over SL
uterine closure in the amount of blood loss (MD = 36.04; 95% CI 13.05, 59.03; P = 0.002), and the data were
homogeneous (P = 0.49; I2 = 0%). The subgroup who had unlocked sutures with inclusion of the decidual
layer showed insignificant results (MD = 12.12; 95% CI -35.70, 59.93; P = 0.62), and data were homogeneous
(P = 0.90; I2 = 0%). Also, the subgroup of unlocked sutures with no data about including the decidua showed
no significant difference between SL and DL closure techniques (MD = -17.43; 95% CI -36,07, 1.21; P = 0.07),
and the results were homogeneous (P = 0.27; I2 = 19%).
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FIGURE 8: Forest plot comparing single- versus double-layer uterine
closure in terms of blood loss.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Operative time (Figure 9)

Pooled data showed that operative time is shorter with SL than with DL uterine closure (MD = -2.25; 95% CI
-3.29, -1.21; P < 0.00001). Pooled results were heterogeneous (P < 0.00001; I2 = 78%). Similar results were
observed in the subgroup of locked sutures with no data about including the decidua (MD = -3.78; 95% CI -
5.83, -1.74; P = 0.0003) (homogeneous data, P = 0.87; I2 = 0%), and in the subgroup of unlocked sutures with
no data about including the decidua (MD = -2.94; 95% CI -4.99, -0.89; P = 0.005) (heterogeneous data, P =
0.02; I2 = 94%). The difference between SL and DL closure was insignificant in the subgroup of unlocked
sutures with inclusion of the decidua (MD = -1.31; 95% CI -2.89, 0.26; P = 0.1) (homogeneous data, P = 0.67;
I2= 0%), and in the subgroup comparing SL closure using locked sutures versus DL closure using unlocked
sutures (MD = -1.78; 95% CI -7.46, 3.91; P = 0.54) (heterogeneous data, P < 0.0001; I2 = 94%).
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FIGURE 9: Forest plot comparing single- versus double-layer uterine
closure in terms of operative time.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Maternal infectious morbidity (Figure 10)

Pooled data showed no significant difference between SL and DL uterine closure in the risk of maternal
infection morbidity (RR = 0.94; 95% CI 0.66, 1.34; P = 0.72). Pooled results are heterogeneous (P = 0.005, I2 =
70%). Also, the difference was insignificant in the subgroups of unlocked sutures including the decidua (RR =
1.13; 95% CI 0.43, 2.96; P = 0.8) (homogeneous data, P = 0.84; I2 = 0%) and the subgroup of locked sutures
with no data about including the decidua (RR = 1.27; 95% CI 0.96, 1.69; P = 0.1) (homogeneous data, P = 0.73,
I2 = 0%).
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FIGURE 10: Forest plot comparing single- versus double-layer uterine
closure in terms of maternal infectious morbidity.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Hospital stay (Figure 11)

Pooled data showed no significant difference between SL and DL uterine closure in the period of hospital
stay after procedure (MD = -0.12; 95% CI -0.30, 0.06; P = 0.18). Pooled results are heterogeneous (P = 0.0003:
I2 = 81%). Also, the difference was insignificant in the subgroups of locked sutures with no data about
including the decidua (MD = -0.09; 95% CI -0.34, 0.16; P = 0.5) (homogeneous data, P = 0.54; I2 = 0%) and the
subgroup of unlocked sutures with no data about including the decidua (MD = -0.25; 95% CI -0.76, 0.26; P =
0.34) (heterogeneous data, P < 0.00001, I2 = 95%).

FIGURE 11: Forest plot comparing single- versus double-layer uterine
closure in terms of hospital stay.
SL, single-layer uterine closure; DL, double-layer uterine closure.
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Readmission rate (Figure 12)

Pooled data showed similar risk of readmission rate with SL and DL uterine closure techniques (RR = 0.95;
95% CI 0.64, 1.40; P = 0.78). Pooled results are homogeneous (P = 0.86, I2 = 0%).

FIGURE 12: Forest plot comparing single- versus double-layer uterine
closure in terms of readmission rate.
SL, single-layer uterine closure; DL, double-layer uterine closure.

Discussion
The analysis of 19 RCTs' results revealed that DL uterine closure is better than SL uterine closure after
cesarean delivery in RMT and dysmenorrhea. Both techniques showed comparable results about the amount
of blood loss, healing ratio, hospital stay duration, maternal infection risk, readmission rate, and the risk of
uterine dehiscence or rupture during a subsequent delivery. In contrast, SL closure showed better results
regarding operative time.

As reported by previous studies [7,9], SL uterine closure was associated with thinner RMT than the DL
closure technique. This finding was more evident in our study when using locked sutures in both SL and DL
closure methods. Also, a previous meta-analysis reported superiority of DL closure with unlocked sutures
over SL closure with locked sutures regarding RMT [9]. We performed a similar comparison in a subgroup
analysis, but the pooled estimate did not reach statistical significance. The thicker RMT with DL uterine
exposure is expected due to the separate closure of the myometrial and serosal layers in the DL technique.

Previous studies support our finding that SL closure is associated with more risk of dysmenorrhea than DL
closure [3, 9, 15]. However, a recent trial reported similar rates with both techniques [8]. In our study, the
superiority of the DL closure method was attributed to the recent trial by Yilmaz Baran 2020 [28], while the
other pooled trials showed insignificant results [3,15,22]. Thus, the present study solves this debate in favor
of the DL closure technique by pooling the results of all previously published RCTs. The higher risk of
dysmenorrhea with DL closure has no obvious cause.

Regarding the risk of uterine dehiscence or rupture during the following pregnancy, our results coincide
with the literature that both SL and DL closure techniques have comparable risks [7,9,29].

Our study addressed other short- and long-term outcomes. These included the amount of blood loss, the
duration of hospital stay post-procedure, the readmission rate, and the maternal infection rate. These
outcomes' pooled results showed no significant difference between SL and DL closure. Similar findings were
reported by a previous meta-analysis [9].

Stegwee 2018 meta-analysis reported that the healing ratio is better with DL closure than SL closure [9]. Our
results showed no significant difference between both groups. This disagreement mostly arises from data
from observational studies included in the previous meta-analysis [9] but not in the present study.

As the results of our study found, SL closure is known to be easier and faster than DL closure [9,28]. Most
obstetricians prefer SL to DL closure in order to decrease operative time with no significant increase in the
risk of complications [3,13]. Also, a recent randomized multi-center study stated that SL closure is
associated with lower niche prevalence, less need for treatment of gynecological complications, and less
harmful effect on sexual activity and general health [8].

Although the DL closure showed better sonographic outcomes, as revealed by the present study and previous
studies [9], these outcomes seem to be clinically insignificant [8,28]. Thus, SL closure is still the most
popular method for uterine closure after CS delivery.

It is important to name an optimal standard method for uterine closure after CS. This is because cesarean
delivery is a popular procedure, exceeding one million cases in the United States per year [30]. Also, this
would help the decision-making for pregnant women who had a previous cesarean delivery, whether they
will undergo a trial of labor or an elective repeat cesarean delivery [30].
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In this systematic review and meta-analysis, we included RCTs only to provide high-quality class-one
evidence and followed the widely accepted PRISMA guidelines during the conduction of this study. We
included all published RCTs with no publication date restriction. In addition, we performed subgroup
analyses according to variations in the surgical techniques (locked or unlocked sutures, and inclusion or
exclusion of the decidua) to solve the heterogeneity between studies. Limitations in this study include the
heterogeneity detected in many outcomes and could not be solved in some cases. In addition, some long-
term outcomes were reported by a small number of studies, which limits the generalizability of the
results. Future studies with large sample size and longer follow-up would provide more conclusive results.

Conclusions
DL uterine closure technique was associated with more RMT compared with SL closure technique. Also,
patients who had DL uterine closure showed lower incidence of dysmenorrhea. On the other hand, SL
closure was associated with significantly shorter operation time. Both techniques showed comparable
healing ratio, readmission rate, and hospital stay. Also, the amount of blood loss, the risk of maternal
infection, and the risk of uterine dehiscence or rupture during a subsequent delivery were similar with both
techniques.
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