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Suture Techniques and Materials for Fascial 
Closure of Abdominal Wall Incisions
A Comprehensive Meta-Analysis
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Eva B. Deerenberg, MD, PhD,‡ and Pieter J. Tanis, MD, PhD*

Background:  The aim of this systematic review and meta-analysis was to evaluate the effectiveness of different suture materials 
and techniques for laparotomy closure.
Methods:  A literature search was conducted in 3 databases in April 2024. All randomized controlled trials (RCTs) and prospective 
cohort studies on laparotomy closure were included. The quality of the studies was evaluated using critical appraisal checklists (ROB2 
and ROBINS-I). The primary outcome was incisional hernia (IH) formation, and secondary outcomes were fascial dehiscence (FD), 
combined FD+IH, and surgical site infection (SSI). Meta-analyses were performed using random effects models.
Results:  A total of 41 RCTs and 9 prospective cohort studies were included. Meta-analysis revealed no superiority of slowly absorb-
able sutures over fast-absorbable sutures (5 studies, 1177 patients). Furthermore, no differences between interrupted and contin-
uous suturing were found (14 studies, 5939 patients). Small-bites technique with a slowly absorbable suture was associated with 
significantly less risk of IH (odds ratio [OR]: 0.44; 95% confidence interval [CI]: 0.30–0.65), combined FD+IH (OR: 0.40; 95% CI: 
0.21–0.75), and SSI (OR: 0.70; 95% CI: 0.53–0.91) compared with a large-bites technique (8 studies, 2360 patients). Significant 
improvements were found for the continuous modified Smead-Jones suturing in the emergency setting (2 studies, 90 patients) and 
retention-line suturing (1 RCT, 124 patients). Layered closure (6 studies, 2660 patients) or Hughes closure (2 studies, 772 patients) 
revealed no superiority over mass closure.
Conclusions:  Closure of laparotomies in the elective setting using a small-bites technique with slowly absorbable sutures is superior 
over a large-bites technique. More evidence is needed in the emergency setting, with promising alternatives such as the modified 
Smead-Jones technique and retention-line suturing.

Keywords: abdominal wound closure techniques, elective surgical procedures, emergencies, hernia, incisional hernia, laparotomy, 
meta-analysis, suture techniques, sutures, systematic review

INTRODUCTION
Incisional hernia (IH) is one of the most frequent long-term 
complications after abdominal surgery. The incidence of IH 

varies between 5% and 15%, while in high-risk patients, inci-
dences of up to 69% have been reported.1–3 IHs can lead to pain, 
impaired quality of life, and can even cause life-threatening 
events, such as incarceration or strangulation of the intes-
tines.4–6 Treatment of IHs might be challenging depending on 
several factors such as the size of the defect, and might subse-
quently result in recurrent IH.7 This all leads to a high burden 
of disease for patients and significant healthcare costs from a 
community perspective.

Risk factors for the occurrence of an IH can be divided into 
patient- and surgeon-related risk factors. Most patient-related 
factors, for example, age, gender, history of an aortic aneu-
rysm, or prior laparotomy, are not modifiable, whereas body 
mass index might be improved preoperatively depending on 
the urgency. Furthermore, patients who experience surgical site 
infection (SSI) are more likely to develop an IH.8 Finally, the 
surgical closure technique and material can be optimized by 
the operating surgeon.1 A wide variety of suturing techniques 
have been studied. A basic principle of these techniques is to 
spread the tension on the tissue, which can be accomplished 
by a high suture-to-wound ratio (small-bites technique), or by 
adding mattress-sutures (Smead-Jones) or extra loops (Hughes 
closure).9,10

The 2 most recent meta-analyses that were published on 
abdominal wall closure were published in 2017 and 2018.11,12 
Since then, multiple studies evaluating suture techniques and 
materials have been published. In the present systematic review 
and meta-analysis, our aim is to provide a comprehensive over-
view of closure strategies for abdominal wall incisions in adults, 
with IH rate as primary outcome measure, and fascial dehis-
cence (FD), combined FD+IH and SSI development as second-
ary outcomes. Furthermore, we aimed to perform sensitivity 
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analyses based on surgical setting (elective and emergency sur-
geries) and incision types.

MATERIALS AND METHODS
A study protocol was registered on Prospero (CRD42022356908) 
before the initiation of the systematic review and meta-analysis. 
The data are reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
statement.13

Eligibility Criteria

Studies were potentially eligible for the present systematic 
review if the design comprised either a randomized controlled 
trial (RCT) or prospective cohort study, and if techniques and 
materials for fascial closure of a laparotomy were evaluated in 
human adults with at least IH as one of the studied endpoints. 
All abdominal incisions for laparotomy, both elective and emer-
gency surgeries, and all surgical specialties were included. Studies 
involving underage children (age <18 years), animals, use of 
mesh, antimicrobial sutures, and/or historical suture materials, 
such as catgut and stainless-steel suture, were excluded.

Outcome Parameters

IH occurrence was the primary endpoint, and FD, combined 
FD+IH, and SSI were secondary endpoints. Incidences of IH 
and FD were calculated independently from diagnostic modal-
ity (physical examination, ultrasound, and computed tomogra-
phy) or treatment (nonoperatively and reoperation). If studies 
reported on acute types of evisceration or burst abdomen, this 
was also considered as a FD. Data on SSI occurrence were 
extracted from the included studies, including both superficial 
and deep SSIs.

Search Strategy

A systematic search was formulated in partnership with a spe-
cialized medical librarian in the Erasmus MC for the follow-
ing databases: Medline, EMBASE, and CENTRAL (Cochrane 
Register of Controlled Trials). The search term contained no 
restrictions on any language or year of publication. Conference 
abstracts, case reports, and reviews were excluded in the search 
term. The search was performed by 2 authors (R.B. and L.V.) 
on October 11, 2022, and was updated on November 12, 2023, 
and April 12, 2024. The detailed search term for each of the 
databases can be found in Supplemental File A, see http://links.
lww.com/AOSO/A456. Reference lists of included studies and 
previous systematic reviews were checked for additional articles 
of interest.

Data Extraction

First, the records were independently screened based on title and 
abstract by 2 assessors (R.B. and L.V.). Second, the full text of 
selected articles was assessed for eligibility and all predefined 
variables of the included studies were extracted independently 
by 2 authors (R.B. and L.V.). Any disagreements during the 
selection- and extraction process were resolved by discussion 
and consensus.

Suturing Materials and Techniques

Suturing materials were categorized into levels of absorbabil-
ity (slowly, fast- and nonabsorbable), type of suture (material 
and filament type). Suture techniques were divided into bite 
sizes and step sizes, continuous and interrupted suturing, suture 

configurations (eg, far-near, near-far), and mass- or layered 
suturing.

Small-Bites Suturing

In the studies analyzing bite and step sizes, the intervention 
groups were referred to as “small-bites” or “small stitches” and 
control groups as “large-bites” or “long stitches”. For the pur-
pose of this meta-analysis, we categorized these as small-bites or 
large-bites. The concept of the small-bites technique constitutes 
placement of at least twice as many stitches as the length of the 
incision, measured in centimeters. This results in a tissue bite of 
0.5 cm and intersuture distance of 0.5 cm. Tissue bites of at least 
1 cm and intersuture distance of 1 cm are used in the traditional 
large tissue bites or mass closure technique.

Retention-Line Sutures

Reinforced tension line (RTL) suture is a suturing technique, 
first described by Hollinsky et al,14 where suture peak tensile 
forces are distributed from the suture base to the surrounding 
tissue through a horizontal suture, which aims to prevent the 
suture from cutting through the tissue (Fig. 1A). This might be of 
added value in the emergency setting, as this is often associated 
with more challenging conditions for the abdominal wall such 
as ileus, fecal contamination, impaired perfusion and edema. An 
increase in abdominal pressure from edema and bowel disten-
sion results in an increase in horizontal tensile forces on the site 
of the insertion of the suture. Therefore, it is hypothesized that 
the more even distribution of forces in RTL suturing might lead 
to fewer complications in these high-risk patients.

Hugh-Jones Abdominal Wall Closure

The abdominal wall closure technique eponymously titled 
”Hughes Repair”, also known as the ‘Cardiff Repair’, combines 
standard mass closure using 2 loop 1-polydioxanone (PDS) 
sutures along with a series of horizontal and vertical mattress 
sutures within a single nylon-1 suture, distributing the tension 
along the length of the incision as well as across it (Fig. 1B).

Retention Modified Smead-Jones Closure

Smead et al were the first to describe a mass closure technique of 
the abdominal wall in 1900 (Fig. 1C). After Jones et al described 
the same technique in 1941, this technique was entitled the 
Smead-Jones technique. The Smead-Jones closure technique 
consists of far-near and near-far suturing in an interrupted fash-
ion. In this technique, the far sutures are placed 1.5 cm from 
the edge of the fascia and the near points are 0.5 cm away 
from the fascial edge. More recently, a modified version of the 
Smead-Jones technique, also described as the continuous far-
near-near-far technique has come into use for abdominal wall 
closures. This technique combines continuous suturing with the 
Smead-Jones technique, possibly creating an as strong, but also 
less time-consuming suturing technique in comparison with the 
original interrupted Smead-Jones technique.15

Quality Assessment

The quality of the included RCTs was assessed with the ROB2 
tool,16 and the quality of the prospective cohort studies was 
assessed with the ROBINS-I tool.17 Two authors (R.B. and L.V.) 
independently assessed the quality of all included trials and 
compared them afterward. Any disagreements were resolved by 
consensus. Visualization of the quality of the included study was 
integrated into the forest plots, and summary bar plots were 
produced.

http://links.lww.com/AOSO/A456
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Statistical Analysis

The primary meta-analysis focused on suture techniques and 
suture materials. All available comparisons of suture materi-
als were grouped based on the 3 predefined categories (slowly, 
fast-, and nonabsorbable). Suturing techniques were grouped 
into continuous versus interrupted closure and small-bites 
versus large-bites. All different suturing configurations, spe-
cifically modified Smead-Jones, conventional Hughes, and 
retention-line suturing, were compared with conventional 
suturing. Data from trials were pooled if similar comparisons 
were made.

Emergency and elective surgeries were analyzed separately if 
the original article provided separate data for surgical setting. 
The different types of incisions (midline/transverse/oblique/
paramedian) were planned to be analyzed separately where pos-
sible. We furthermore intended to perform sensitivity analyses 
for inclusion periods before and after the release of the World 
Health Organization (WHO) guidelines on SSI prevention, 
because of the association between SSI and IH.

The synchronized dichotomous outcomes were pooled in 
meta-analyses and reported as weighted odds ratios (ORs) 
and their 95% confidence intervals (CIs). Statistical heteroge-
neity was explored via forest plots and I2/τ2 statistics. Mantel-
Haenszel random effects method was used in the meta-analysis 
due to anticipated high amounts of heterogeneity between stud-
ies. Funnel plots were used to assess the possibility of publication 

bias. Statistical analysis was performed with R studio using the 
“metabin” package (version 6.5-0).

RESULTS

Literature Search

The initial search produced 8461 unique results, and 3 publica-
tions were identified through other sources. After screening for eli-
gibility by title and abstract, and subsequent assessment of the full 
text, 50 records were included in the final analysis (Fig. 2). These 
comprised 41 RCTs and 9 prospective cohort studies. The level 
of agreement between the 2 assessors was moderate for screening 
abstracts and high for assessing the eligibility of the full texts. All 
studies were published in peer-reviewed journals from 1976 to 
2024. Two studies were written in Spanish and the remaining 50 
studies in English. Study characteristics can be found in Table 1.

Risk of Bias

Risk of bias for the studies is reported in Supplemental File C, 
see http://links.lww.com/AOSO/A458. A serious risk of overall 
bias was found in all of the 9 cohort studies and in 9 of 41 
RCTs, whereas 6 of the RCTs were graded with a low overall 
bias rating.

Assessment of Incisional Hernia

The majority of the studies (N = 42) diagnosed an IH with 
clinical examination defined as a protrusion of the laparotomy 
scar during Valsalva’s maneuver. Eight studies used radiological 
examination (either by computed tomography or ultrasonogra-
phy) in all patients for diagnosis of IH.

Suture Materials

A total of 32 studies18–49 comparing distinct suture materials 
with different speeds of absorbability were identified, of which 
4 were nonrandomized. Year of publication ranged from 1976 
to 2023 with a maximum follow-up ranging from 3 months to 
3 years. A total of 12,153 patients were included in the trials. 
No significant differences were observed when comparing non-
absorbable suture materials to either slowly absorbable or fast 
absorbable materials for IH, FD, total wound failure, and SSI 
(Supplemental Files D and E, see http://links.lww.com/AOSO/
A459 and http://links.lww.com/AOSO/A460, respectively). For 
the overall comparison of slowly absorbable to fast absorbable 
suture material, 11 RCTs18–23,32,34,43,46,48 could be included in the 
meta-analysis, which did not reveal significant differences in any 
of the outcomes (Figs. 3A–D).

Mass Closure Versus Layered Closure

Three RCT’s18,26,50 and 3 prospective cohort studies29,49,51 ana-
lyzed mass- versus layered closure, with year of publication 
ranging from 1977 to 2021. A total of 2660 patients were 
treated after varying incision types. Maximum follow-up times 
ranged from 6 to 48 months. When pooled, they showed no 
significant differences between both techniques for any of the 
studied outcomes (Supplemental File F, see http://links.lww.com/
AOSO/A461). Separate analyses for surgical setting could not 
be performed, as only Bucknall et al29 reported their outcomes 
separately for elective and emergency procedures.

Reinforced Tension Line Suture

One RCT52 was published on the use of RTL sutures in 2022. A 
total of 124 patients were treated after elective and emergency 

FIGURE 1.  A, The reinforced tension line suture. B, The Hughes closure 
technique. C, The modified Smead-Jones technique.
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midline laparotomies. RTL sutures resulted in a significantly 
lower risk of IH (9.8% after RTL vs 20% after conventional 
continuous suturing, P = 0.016) and also a significant reduction 
in FD (4.5% vs 20%, P = 0.03) was reported.

Interrupted Versus Continuous Suturing

A total of 14 studies comprising 11 RCT’s18,21–23,26,28,32,45,46,53,54 
and 3 prospective studies49,51,55 were published on the compar-
ison between continuous and interrupted suturing. The year 
of publication ranged from 1983 to 2016, and a total of 5939 
patients were included in these studies. Maximum follow-up 
times ranged from 3 to 36 months. No significant differences 
were found between interrupted and continuous suturing for 
FD, IH, FD+IH, or SSI (Supplemental File G, see http://links.
lww.com/AOSO/A463).

Bite Sizes

Eight studies addressed bite sizes in the closure of laparoto-
mies, which consisted of 5 RCTs56–61 and 3 prospective cohort 
studies62–64 being published in the period 2009 to 2023. The 

short-, intermediate-, and long-term results from the ESTOIH 
trial57,61,65 were published separately. A total of 2360 patients 
were included, of which 1198 were treated with the small-bites 
technique and 1162 patients with large-bites (Supplemental File 
H, see http://links.lww.com/AOSO/A462). Follow-up duration 
ranged from 6 to 36 months. Risk of bias in the RCTs was low, 
except for the randomization in the studies by Millbourn et al, 
Mustraqrasool et al, and Probst et al, which were graded with 
a high risk of bias. Furthermore, the prospective studies had a 
high risk of bias due to confounding. Relative risk reduction 
of IH by small-bites ranged from 36% to 75% across studies. 
In meta-analysis (Fig. 4), the small-bites technique compared 
with the large-bites techniques resulted in a significant reduc-
tion of IH (OR: 0.44; 95% CI: 0.28–0.67), combined IH+FD 
(OR: 0.38; 95% CI: 0.21–0.69) and SSI (OR: 0.70; 95% CI: 
0.53–0.91), but not FD (OR: 0.53; 95% CI: 0.23–1.24).

Effect of Bite Sizes in Elective and Emergency Surgeries

Millbourn et al,58 Mustaqrasool et al,59 and Valverde et al63 
included both elective and emergency surgeries, while the other 
studies included solely patients undergoing elective surgery. 

FIGURE 2.  Flowchart of the included studies.
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Valverde et al63 documented IH rates after emergency (n = 49) 
and elective surgeries (n = 78) separately, (23% vs 19%) but not 
stratified for small- and large-bites.

Hughes Abdominal Wall Closure

Two separate trials9,66 compared the incidence of IH between the 
Hughes repair and a conventional suture technique. The year 

of publication ranged from 2017 to 2022, and a total of 772 
patients were included in these studies.

The HART trial9 compared Hughes abdominal wall closure 
with mass closure and found that 50 of 339 patients (14.8%) 
in the Hughes group and 57 of 333 (17.1%) in the standard 
closure group developed an IH (OR: 0.84, 95% CI: 0.55–1.27; 
P = 0.40). At 2 years, 78 patients (28.7%) in the Hughes repair 
group and 84 patients (31.8%) in the standard closure group 

A B

C D

Slow- versus fast absorbable

FIGURE 3.  Forest plots for slow- versus fast absorbable sutures on (A) incisional hernia, (B) fascial dehiscence, (C) combined incisional hernia and fascial 
dehiscence, and (D) surgical site infection.

Small- versus large-bites
A B

C D

FIGURE 4.  Forest plots for small-bites versus large-bites on (A) incisional hernia, (B) fascial dehiscence, (C) combined incisional hernia and fascial dehiscence, 
and (D) surgical site infection.
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had developed an IH (OR: 0.86, 95% CI: 0.59–1.25; P = 0.43). 
Adverse events occurred similarly in the 2 groups, apart from 
the rate of SSI, which was higher in the Hughes closure group 
(13.2% vs 7.7%; OR: 1.82, 95% CI: 1.14–2.91; P = 0.01).

Rajasekaran et al66 compared Hughes repair with conven-
tional mass closure in an Indian study population. Both sur-
gical procedures in the elective (n = 30 in both groups) and 
emergency (n = 20 in both groups) settings were included. They 
found no significant differences in the pooled number of SSIs 
and FDs (10/50 vs 13/50, P = 0.48) or IHs (4/50 vs 7/50, P = 
0.34) between Hughes and mass closure.

Meta-analysis showed no significant difference between 
Hughes closure and conventional mass closure on IH formation 
or combined FD and SSI occurrence (Fig. 5). Risk of bias in the 
studies was low, except for the randomization in the studies by 
Rajasekaran et al and the deviations from intended intervention 
in the HART trial.

Modified Smead-Jones Closure

Two trials described the use of a continuous far-near-near-
far technique. Both trials compared the modified/continuous 
Smead-Jones suturing technique to conventional closure for 
midline laparotomies in emergency surgery. The year of publi-
cation ranged from 2020 to 2022, and a total of 100 patients 
were included in the study by Aghara et al and 80 in the study 
by Selvaraj. Risk of bias in the RCTs was present as the trial 
by Aghara et al had some risk of bias in the domains random-
ization, deviations from the intended intervention and missing 
outcomes data, and Selvaraj et al had a high risk of bias in the 
randomization domain and some risk of bias in domain of miss-
ing outcome data.

Meta-analysis (Fig. 6) revealed that, in comparison with 
conventional continuous closure, the modified Smead-Jones 

technique resulted in a significant reduction of FD (OR: 0.15; 
95% CI: 0.06–0.41), IH (OR: 0.22; 95% CI: 0.08–0.59), com-
bined FD+IH (OR: 0.07; 95% CI: 0.03–0.19), and SSI (OR: 
0.28; 95% CI: 0.15–0.52).

DISCUSSION
The present systematic review and meta-analysis provides a 
comprehensive and up-to-date overview about the evidence of 
fascial closure after laparotomy. This meta-analysis strength-
ens previous claims that the use of a small-bites technique with 
slowly absorbable suture is superior in the prevention of IH 
and SSI compared with large-bites, although this evidence is 
almost only based on elective surgery. It is important to empha-
size that the small-bites technique used in the different trials 
also implicates small intersuture distance (small steps). There 
is uncertainty whether the results of small-bites suturing can 
be extrapolated to the emergency setting. Promising findings in 
the emergency setting were found for the modified Smead-Jones 
technique and retention-line suturing, but studies were small. 
For other comparisons, such as interrupted versus continuous 
suturing and Hughes or layered closure versus mass closure, no 
significant differences were found.

In the most recent recommendations of the European Hernia 
Society,13 surgeons are advised to use a slowly absorbable 
suture in combination with a continuous suturing technique 
when closing the abdominal wall fascia. No separate recom-
mendations about slowly absorbable sutures in comparison to 
fast absorbable sutures or interrupted sutures in comparison 
to continuous sutures were found. Considering the biology of 
wound healing, the use of a slowly absorbable suture for fas-
cial closure seems most appropriate. Healing of the abdominal 
fascia mainly takes place during the first 3 weeks, but com-
plete cellular-level remodeling can take up to a year.67 Fast 

A B
Hughes versus conventional

FIGURE 5.  Forest plots for Hughes closure versus mass closure on (A) incisional hernia and (B) combined fascial dehiscence and SSI.

A B

C D

Smead-Jones versus conventional

FIGURE 6.  Forest plots for Smead-Jones versus conventional closure on (A) incisional hernia, (B) fascial dehiscence, (C) combined incisional hernia and fascial 
dehiscence, and (D) surgical site infection.
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absorbable sutures like polyglactin and polyglycolic acid have 
a half-life tensile strength of about 2 to 3 weeks. This might not 
provide long enough support for the fascia to recover, since at 2 
weeks fascial tissue only regains 15% of its initial strength and 
takes at least 6 weeks to regain half of its strength.68,69 Slowly 
absorbable sutures such as PDS (Ethicon) have a half-life tensile 
strength of 6 weeks.68 Furthermore, slowly absorbable sutures 
are theoretically preferable over nonabsorbable sutures due to 
suture sinus development, palpable knots, and wound pain, 
which have been described as issues with the use of nonabsorb-
able sutures.15,26

The current systematic review and meta-analysis found an 
OR of 0.44 in favor of the small-bites regarding the risk of 
developing IH, which is similar to what the investigators of 
the MATCH-review11 found in 2018. However, we included 8 
studies in our analysis, while the former review included only 
2 studies. More recently, in 2023, another systematic review 
on this topic was published by Yii et al,70 who also found a 
similar OR of 0.39 for IH, but they included only 3 studies. 
For SSI, the present meta-analysis revealed that the small-bites 
technique is significantly better for SSI prevention when com-
pared with large-bites. Both previous meta-analyses found ORs 
for SSI comparable to our results, but not reaching statistical 
significance due to underpowered analyses. The difference in 
the number of included studies can be attributed to new studies 
being published after the inclusion period of the other system-
atic reviews. In a network meta-analysis, Lozada-Hernandez 
et al71 found similar ORs for the prevention of IH but did not 
report on SSI.

The published RCTs comparing small-bites with a large-bites 
technique have used a different suture size and needle size in 
both study groups. In the small-bites group, a 2-0 suture was 
commonly used with a small-size needle. In the large-bites 
group, a 1 suture was most often used with a larger needle size. 
Whether these differences in suture size or needle size have an 
impact on the outcome of IH, FD or SSI remains unclear and 
are thereby possible confounding factors that should be looked 
into.

The use of the modified Smead-Jones technique has not been 
published in a systematic review as of yet. We show that this 
technique, which is only studied in an emergency setting, is 
effective in the reduction of complications after abdominal wall 
closure compared with conventional continuous closure using 
large-bites. The OR of developing an IH was found to be 0.22, 
and for FD this was 0.15. Two other studies on the modified 
Smead-Jones technique72,73 could not be included in this system-
atic review, because of lacking IH as an endpoint. With respect 
to short-term complication rate, these studies further strengthen 
the potential added value of this technique in the emergency 
setting. However, it must be noted that the overall quality and 
patient numbers of the studies on this technique are low.

Emergency surgery is associated with higher levels of fecal or 
purulent contamination, which will probably result in higher 
SSI occurrence and thus higher risk of FD and IH occurrence.74 
Furthermore, postoperative ileus with increased intra-abdominal 
pressure is often encountered after emergency surgery. This 
might require a different closure method as compared with the 
elective setting. However, the selected studies in our review did 
not allow for comparative analyses based on surgical setting. 
Tolstrup et al75 implemented continuous PDS 2-0 suture with a 
suture length to incision length ratio of at least 4:1. They com-
pared these patients to a cohort of historic controls, which had 
unknown suture length to wound length ratios, and reported 
that the incidence of FD decreased from 6.6% to 3.8% (P = 
0.03). Peponis et al54 compared the interrupted versus contin-
uous techniques for fascial closure in an emergency setting in 
a total of 136 patients and found that rates of IH, FD, and SSI 
did not differ significantly. The authors themselves devote the 
nonsignificant findings to a lack of power due to their relatively 

small sample size. The recent guidelines76 on the closure of a 
laparotomy during emergency surgery suggest to use the small-
bites technique in midline emergency laparotomy, but future 
trials on this topic are necessary to prove its effectiveness in the 
emergency setting and should also consider the use of RTL- and 
Smead-Jones suturing.

Unfortunately, minimizing the effects of the surgical-technical 
aspects of the closure of a midline laparotomy and expanding 
the use of minimally invasive surgery do not completely elimi-
nate the occurrence of IH. Many patients with high-risk profiles, 
such as those undergoing emergency surgery, those who have 
had multiple previous laparotomies, or patients with significant 
abdominal surgical procedures, will still need open surgical pro-
cedures through midline incisions. Prevention of SSIs can also 
limit the risk of IH. In November 2016, the WHO published the 
first Global Guidelines on SSI prevention, which were updated 
in 2018.77 Implementation of a bundle of preventive measures 
can indirectly influence the risk of IH. Other procedures, such 
as prophylactic mesh augmentation, which has been shown 
to be successful in preventing IHs during elective laparotomy, 
may be required in high-risk patients (eg, open aortic aneurysm 
surgery).78

The design of every meta-analysis is limited by the fact that 
the results depend on the included studies. For instance, the 
majority of RCTs only used clinical examination for the identi-
fication of IHs, which will have underestimated the hernia rate. 
However, one should question whether an IH that can only be 
diagnosed on ultrasonography without any reported signs by the 
patient is clinically relevant. This also depends on the duration 
of follow-up, while initial asymptomatic hernias might become 
symptomatic at a later stage. Besides definition of endpoints, 
also precise descriptions of interventions were sometimes lack-
ing. For example, the size of the bites was not reported in many 
studies. Comparator arms in many trials differed by more than 
one component from the study arm, making it impossible to 
attribute differences between groups to one component. In addi-
tion, the patient populations included in many of the studies 
were very heterogeneous: trials included both emergency and 
elective cases, different types of disease pathology (eg, vascular 
surgery and hepatobiliary surgery), or different types of inci-
sions (eg, midline and paramedian) and had varying follow-up 
lengths. It was not possible to perform pooled analyses for 
emergency and elective laparotomies as these data were often 
not separately reported in every trial. Similarly, analyses could 
not be stratified for the type of laparotomy (eg, midline, para-
median, and transverse).

Another limitation of this study is that one of the second-
ary objectives was not fulfilled. Due to a low number of recent 
studies conducted, sensitivity analysis could not be performed 
using studies that included patients after the implementation 
of the WHO guidelines for the reduction of SSIs. As SSI is one 
of the main risk factors for the development of an IH, patients 
operated on before the adoption of the new guidelines, could 
not be generalizable to the patient populations since then.8 In 
upcoming years, an effort could be made to analyze these possi-
ble differences, but the available data fell short at this moment. 
It must be taken into account that not every surgeon adapts 
their practice immediately after implementation of new guide-
lines and as such, study results might lag behind for a couple 
of years.

CONCLUSIONS
In this meta-analysis, slowly absorbable suture materials were 
superior regarding IH rate over fast-absorbable sutures in the 
most recent studies. No discernable differences were found com-
paring a continuous- with an interrupted suture technique, or 
a mass- with a layered closure technique. The small-bites tech-
nique resulted in significantly lower IH, FD, and SSI rates as 
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compared with mass closure techniques in the elective setting. In 
the emergency setting, the modified Smead-Jones technique and 
the retention-line suture technique seem promising techniques, 
but the body of evidence is still limited.
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