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Abstract
Aim: To compare the effects of sutures and staples for skin closure of surgical wounds.

Material and methods: We included published and unpublished randomized controlled trials (RCTs) and cluster-randomized
trials comparing staples with sutures. Patients were adults (aged 18 years or over) who had undergone any type of surgery. The
primary outcomeswere risk of overall and severe wound infection. Secondary outcomes included length of hospital stay, readmission
rate, adverse events, patient satisfaction with cosmetic results, postoperative pain.

Results: Forty-two very low to low quality RCTs with a total of 11,067 patients were included. Sutures resulted in slightly fewer
overall wound infections (4.90%) compared to staples (6.75%) but it is uncertain whether there is a difference between the groups
(risk ratio [RR] 1.20, 95% confidence intervals [CI] 0.80–1.79; patients=9864; studies=34; I2=70%). The evidence was also
insufficient to state a difference in terms of severe wound infection (staples 1.4% vs sutures 1.3%; RR 1.08, 95% CI 0.61–1.89;
patients=3036; studies=17; I2=0%), grade of satisfaction (RR 0.99, 95% CI 0.91–1.07; patients=3243; studies=14; I2=67%)
and hospital stay. Staples may increase the risk of adverse events (7.3% for staples vs 3.5% for sutures; RR 2.00, 95%CI 1.44–2.79;
patients=6246; studies=21; I2=33%), readmission rate (RR 1.28, 95% CI 0.18–9.05; patients=2466; studies=5; I2=66%) and
postoperative pain (standardized mean difference [SMD] 0.41,95%CI �0.35 to 1.16; I2=88%, patients=390 patients, studies=5).

Conclusions: Due to the lack of high quality evidence, we could not state if sutures are better than staples in terms of wound
infection, readmission rate, adverse events, and postoperative pain. With a low quality of evidence, sutures reduce postoperative pain
and improve grade of satisfaction with the cosmetic outcome.

Abbreviations: BMI= bodymass index, CI= confidence intervals, OIS= optimal information size, RCTs= randomized controlled
trials, RR = risk ratio, SMD = standardized mean difference.
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Strengths and limitations of this study

- In this systematic review and meta-analysis, 42 studies
comparing sutures with staples for skin closure of surgical
wound were identified.

- This is the most comprehensive systematic review of these
interventions to date.

- The study analyzes the outcomes related to the closure
with sutures or staples according to the different types of
surgical specialties.

- The main limitation of this systematic review is the low
overall quality of the included studies.

- There was significant statistical heterogeneity.
1. Introduction

1.1. Description of the condition

Surgical wound closure aims to move close the skin flaps to favor
rapid healing and a good cosmetic outcome with low risk of
complications. Infection of surgical wound is a relevant
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complication with an incidence of 1% to 3%; it is favored by age,
underlying illness (American Society of Anesthesiologists score of
three or more, diabetes, malnutrition, low serum albumin,
radiotherapy, and steroid use), obesity, host immune status,
smoking, site, level of wound contamination.[1,2] Further
significant risk factors are related to type and complexity of
the surgical procedure, duration of operation, type of surgical
approach (laparotomic or laparoscopic or robotic).[3,4] Wound
dehiscence is another complication of surgical procedures that
may increase the inpatient stay, resulting in additional costs, and
it has a 9.6% attributable mortality.[5] Further surgical wound
complications are the formation of hypertrophic or keloid
scarring. The cosmetic appearance of the scar after healing is a
relevant outcome, which affects the satisfaction of patients. A
meticulous surgical technique is needed to avoid local swelling,
dehiscence of the wound, and a poor cosmetic result. Different
methods and materials are used for wound closure and they are
highly dependent on the type of surgery, the length and
anatomical site of the wound.[6] Skin closure of surgical wounds
is usually achieved with sutures. Sutures can be continuous or
interrupted and the material used can be natural or synthetic,
absorbable or non-absorbable, single filament or braided,
depending on the length and anatomic location of the wound.
The principal advantages of sutures are their flexibility, strength,
non-toxicity, and in vivo degradation properties. Staples are a
valid alternative to sutures and are mainly made of stainless steel,
although staples using absorbable materials are now available.[6]

Although the sutures are the most common technique of closure,
they could increase the risk of wound infection. In fact, the
sutures could cause the ischemia of the wound flaps and this
hinders a regular healing. The potential advantage of staples in
surgical wound closure is related to their low level of tissue
reactivity.[7] This generates a higher resistance to infection in
contaminated wounds, given the non-introduction of exogenous
material, and consequent impairment of local immune re-
sponse.[8–11] Furthermore, it is thought that the use of staples
reduces the local inflammatory response, width of the wound,
time to wound closure, and residual cross marks.[12,13] Even if the
skin closure is conventionally performed by sutures, staples seem
to be better in terms of efficacy of fixation, good cosmetic results
and rapidity of application. However, in literature, it is unclear
which is the best skin closure technique between sutures and
staples. While some RCTs report that there is no difference
between twomethods in terms of overall wounds infections,[14,15]

others report higher rates of wound complications following the
use of staples.[16,17] Furthermore, evidence has begun to be
synthesized within different surgery types, but often it is not
conclusive due to small sample size and low quality of studies;
then, it is important for the clinicians to evaluate the issue
through the broad field of different surgical specialities. We
believe that a systematic review of RCTs is required to compare
sutures with respect to staples in terms of wound infections,
length of hospital stay, rates of readmission, adverse events, pain,
patient satisfaction with cosmetic results, in order to provide
surgeons the optimal method for skin closure in different surgical
specialties.
1.2. Objectives

To compare the effects of sutures and staples for the closure of
surgical wounds in adults undergoing surgery in a hospital
setting.
2

1.3. Methods

A protocol that describes the search strategy, screening, and
inclusion criteria has been previously published.[18]

Ethics committee of University of Perugia approved the study.

1.4. Information sources

We searched the following electronic databases to identify reports
of relevant clinical trials: Cochrane Wounds Specialised Register,
Cochrane Central Register of Controlled Trials (CENTRAL),
Ovid MEDLINE Ovid Embase, EBSCO CINAHL Plus. There
were no date, language or publication status restrictions. We also
searched the following clinical trials registries:ClinicalTrials.gov,
WorldHealth Organization International Clinical Trials Registry
Platform, EU Clinical Trials Register (April 2018).

1.5. Selection of studies

One review author (RC) ran all the electronic searches,
downloaded the references into bibliographic software and
removed duplicates. Two review authors (RC and AR)
independently assessed the titles and abstracts first and then
only assessed in full text the studies that appeared to be relevant.
Disagreements were resolved through discussion with the review
team and the arbitrator (AM). One of the review authors (EM)
contacted the corresponding author of the publications if data
were missing or clarification was needed.

1.6. Data extraction and management

We constructed a data extraction sheet for the review and two
review authors (RC and JR) used this independently for data
collection. These authors were blinded to each other’s data;
however, theywere not blinded to the journal of publication or the
trial authors. Two review authors (AB and EM) independently
extracted the following information from each included trial:
1.
 setting of the study

2.
 sample sizes

3.
 patients

4.
 baseline characteristics of patients interventions

5.
 type of surgery outcomes

6.
 follow-up points

If information was missing from the published paper, we
contacted the trial authors. We compared results to check for
inconsistencies and resolved disagreements by discussion or, if
consensus could not be reached, through adjudication by a third
review author (EM).

1.7. Outcomes

Primary outcomes were risk of overall wound infection within 30
postoperative days (including superficial, deep, or space
infections), risk of severe wound infection (only deep or space
infections) within 30 postoperative days. Secondary outcomes
were length of post-operative hospital stay, rates of readmission
for wound complication, adverse events within 30 postoperative
days and patient satisfaction with cosmetic results.

1.8. Assessment of risk of bias

Two authors independently assessed the included studies using
the Cochrane tool for assessing risk of bias.[19] This tool
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addresses specific domains: random sequence generation (selec-
tion bias),[20,21] allocation concealment (selection bias),[20,21]

blinding of patients and personnel (performance bias),[20,21]

blinding of outcome assessment (detection bias),[20,21] incomplete
outcome data (attrition bias),[22,23] selective reporting (reporting
bias).[24,25] We assessed blinding and completeness of outcome
data for each outcome separately. We completed a “Risk of bias”
table for each eligible study (see Table 1, Supplemental Content,
http://links.lww.com/MD/E368, which illustrates the “Risk of
bias”).
We presented our assessment of risk of bias using “Risk of

bias” summary figure (Fig. 1). For trials using cluster-
randomization, we assessed the risk of bias using the following
domains: recruitment bias, baseline imbalance, loss of clusters,
incorrect analysis, and comparability with individually random-
ized trials.[19]

1.9. Measures of treatment effect

We expressed the treatment effects as RR with 95% confidence
intervals (CI) for dichotomous outcomes. We analyzed continu-
ous data as mean differences or standardized mean differences
with standard deviations. When possible, we performed inten-
tion-to-treat analyses including all patients according to their
original allocation. Where binary data were missing, we
Figure 1. Risk of bias summary: review authors’ judgemen

3

performed a worst-case scenario analysis of the main outcome.
In this case, we assumed that those participants who were lost to
follow-up in the treatment group had the worse outcome, while
participants lost to follow-up in the control group had the best
outcome.
We compared the effects of the primary analysis with the

worst-case analysis to explore whether they had the same
direction and magnitude. No missing data were imputed.
1.10. Assessment of heterogeneity

We assessed heterogeneity both by a visual inspection of the
forest plot and through examination of x2 test and I2 statistic.
We considered outcomes with a statistically significant x2 value
at the 0.10 level and I2 values >50% to be statistically
heterogeneous. In the case of statistical heterogeneity, we then
ensured that the data and effect sizes were correct. If they were,
we attempted to explore heterogeneity through an analysis of the
subgroups. If there was extreme unexplained heterogeneity (e.g.,
if I2 values are over 75%or if there is inconsistent direction of the
effects), we did not perform pooling. If there were studies that
appeared to be outliers, we conducted an analysis with and
without the outliers. If heterogeneity could not be sufficiently
explained, we accounted for the heterogeneity by using a
random-effects model.
ts about each risk of bias item for each included study.
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1.11. Assessment of reporting biases

If there were 10 or more studies included for a particular outcome
we produced a funnel plot using RevMan,[26] with the aim of
looking for signs of asymmetry with respect to reporting bias.
1.12. Data synthesis

We summarized the main characteristics of included studies in
Table 1 in Supplementary Material (see Table 1, Supplemental
Content, http://links.lww.com/MD/E368, which illustrates the
“Risk of bias”). In terms of data synthesis, we used a fixed-effect
model for non-statistically heterogeneous outcomes. We used a
random-effects model for statistically heterogeneous outcomes in
which the heterogeneity could not be explained through a
subgroup analysis. In the case of rare events (defined here as risks
of 1 in 100 or less), we used the Peto one-step odds ratio method.
Table 1

Staples compared to sutures for surgical wound closure in adults.

Patient or population: adult patients with surgical wound necessitating closure s

Intervention: staples comparison

Sutures
Anticipated absolute effects

∗
(95% CI)

Outcomes
Risk with
sutures

Risk with
staples

Relative
effect

(95% CI

Risk of overall
wound infection

49 per 1.000 67 per 1.000 (42–89) RR 1.20 (0.80

Risk of severe
wound infection

13 per 1.000 14 per 1.000 (8–24) RR 1.08 (0.61

Length of hospital stay –

Rates of readmission 5 per 1.000 6 per 1.000 (1–45) RR 1.28 (0.18
Adverse events 35 per 1.000 70 per 1.000 (50–97) RR 2.00 (1.44
Patient satisfaction 625 per 1.000 619 per 1.000 (569–669) RR 0.99 (0.91
Pain The mean

pain was 0
SMD 0.41 higher
(0.35 lower to
1.16 higher)

–

GRADE Working Group grades of evidence.
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be clo
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially differ
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be su
CI= confidence interval, RR= risk ratio, OR= odds ratio.
∗
The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in

1 We downgraded the evidence by two levels due to serious concern of risk of bias (58% of the trials reporte
outcome assessor) and imprecision (the Optimal Information Size [OIS] criterion was met, however the
2 We downgraded the evidence by two levels due to serious concern of risk of bias (59% of the trials reported
or were unclear) and imprecision (too few events and large confidence interval).
3 We downgrade the evidence by three levels due to serious concern of risk of bias (5 of 8 trials were at hi
data), and imprecision (large confidence intervals in each of the trials).
4 We downgrade the evidence by two levels due to serious concern of risk of bias (4/5 trials at high/u
5 We downgraded the evidence by two levels due to serious concern of risk of bias (11/14 trials reported in
bias) and of imprecision (large confidence interval).
6 We downgraded the evidence by two levels due to serious concern inconsistency (high and unexplain
7 We downgraded the evidence by two levels due to very serious concern regarding imprecision (large

4

An exception to using the Peto method for rare events occurred
when the risk ratio was <0.02 or >5.00 or when the event risk
was about 1%andwhen theN size was two ormore times greater
in one condition than the other. In that case, we also reported
logistic regression results.[27]

To summarize the methods and results, we included a PRISMA
study selection flow chart,[28] Tables 1–3 and forest plots for each
synthesized outcome (Tables 1–3). We used the Grades of
Recommendation, Assessment, Development, and Evaluation
(GRADE) approach to assess the quality of the evidence for each
estimate of treatment effect.[19,28–30]

Where necessary the quality of evidence was downgraded by
one (serious concern) or two (very serious concern) for the
following reasons: risk of bias, imprecision, inconsistency,
indirectness, and publication bias.[31,32] Quality of evidence
was assessed for all the outcomes of the included studies
(Table 1).
etting: hospital

)

No of
participants
(studies)

Quality of the
evidence
(GRADE) Comments

–1.79) 9864 (34 RCTs) ⊕⊕⊖⊖ Low1

–1.89) 3066 (17 RCTs) ⊕⊕⊖⊖ Low2

2774 (7 RCTs) ⊕⊖⊖⊖ Very low3 There was too high heterogeneity
that hindered the possibility of
performing a meta-analysis.

–9.05) 2466 (5 RCTs) ⊕⊕⊖⊖ Low4

–2.79) 6246 (21 RCTs) ⊕⊕⊖⊖ Low5

–1.07) 3243 (14 RCTs) ⊕⊕⊖⊖ Low6

390 (5 RCTs) ⊕⊖⊖⊖ Very low7 A potential concern could be that
of heterogeneity that resulted
very high. The exclusion of
one study (72) reduced
significantly the heterogeneity
to I2=32% (P= .22) without
affecting substantially the final
results (SMD 0.03 [�0.24,
0.31]). Compared to the other
studies, this was an old trial.

se to the estimate of the effect, but there is a possibility that it is substantially different.
ent from the estimate of the effect.
bstantially different from the estimate of effect.

the comparison group and the relative effect of the intervention (and its 95% CI).
d unclear or inadequate allocation concealment and 80% reported unclear or inadequate blinding of the
95% CI does not exclude no effect).
unclear or inadequate allocation concealment; 70% did not report the blinding of the outcome assessor

gh risk/unclear detection bias), inconsistency (very high heterogeneity that prevented from pooling the

nclear risk of detection bias) and imprecision (very few events and large confidence interval).
adequate or unclear allocation concealment; 13/14 trials were judged unclear or high risk of detection

ed heterogeneity) and imprecision (large confidence interval).
confidence interval).

http://links.lww.com/MD/E368


Table 2

Outcome in different types of surgery.

Outcome or subgroup Studies Participants Statistical method Effect estimate

1.1 Rates of overall wound infection 34 9864 Risk ratio (M-H, random, 95% CI) 1.20 [0.80, 1.79]
1.1.1 Obstetric surgery 10 2565 Risk ratio (M-H, random, 95% CI) 1.29 [0.46, 3.61]
1.1.2 Orthopedic surgery 7 672 Risk ratio (M-H, random, 95% CI) 2.22 [0.73, 6.80]
1.1.3 Abdominal surgery 2 2334 Risk ratio (M-H, random, 95% CI) 1.28 [0.92, 1.76]
1.1.4 Gynecological surgery 2 824 Risk ratio (M-H, random, 95% CI) 1.31 [0.62, 2.77]
1.1.5 Vascular surgery 4 2320 Risk ratio (M-H, random, 95% CI) 0.87 [0.62, 1.21]
1.1.6 Breast surgery 1 22 Risk ratio (M-H, random, 95% CI) Not estimable
1.1.7 Head and neck surgery 2 130 Risk ratio (M-H, random, 95% CI) Not estimable
1.1.8 Other surgery 6 997 Risk ratio (M-H, random, 95% CI) 0.64 [0.30, 1.35]

1.2 Rates of severe wound infection 16 3006 Risk ratio (M-H, fixed, 95% CI) 1.14 [0.62, 2.08]
1.2.1 Obstetric surgery 3 578 Risk ratio (M-H, fixed, 95% CI) 1.47 [0.62, 3.53]
1.2.2 Orthopedic surgery 5 413 Risk ratio (M-H, fixed, 95% CI) 3.69 [0.42, 32.01]
1.2.3 Abdominal surgery 1 1102 Risk ratio (M-H, fixed, 95% CI) Not estimable
1.2.4 Gynecological surgery 1 78 Risk ratio (M-H, fixed, 95% CI) 0.67 [0.12, 3.77]
1.2.5 Vascular Surgery 2 237 Risk ratio (M-H, fixed, 95% CI) 0.40 [0.06, 2.65]
1.2.6 Head and neck Surgery 2 130 Risk ratio (M-H, fixed, 95% CI) Not estimable
1.2.7 Other surgery 2 468 Risk ratio (M-H, fixed, 95% CI) 0.77 [0.16, 3.79]

1.3 Length of hospital stay 7 Mean difference (IV, random, 95% CI) Subtotals only
1.3.1 Obstetric surgery 3 1274 Mean difference (IV, random, 95% CI) 0.55 [�1.40, 2.51]
1.3.2 Orthopedic surgery 3 268 Mean difference (IV, random, 95% CI) 0.09 [�1.37, 1.54]
1.3.3 Abdominal surgery 1 1232 Mean difference (IV, random, 95% CI) 0.00 [�6.21, 6.21]

1.4 Rates of readmission 5 2466 Risk ratio (M-H, random, 95% CI) 1.28 [0.18, 9.05]
1.4.1 Obstetric surgery 3 2262 Risk ratio (M-H, random, 95% CI) 3.18 [0.21, 47.23]
1.4.2 Vascular surgery 1 77 Risk ratio (M-H, random, 95% CI) 0.19 [0.01, 3.74]
1.4.3 Other surgery 1 127 Risk ratio (M-H, random, 95% CI) 0.34 [0.01, 8.16]

1.5 Adverse events 21 6246 Risk ratio (M-H, random, 95% CI) 2.00 [1.44, 2.79]
1.5.1 Obstetric surgery 7 2851 Risk ratio (M-H, random, 95% CI) 3.41 [2.35, 4.94]
1.5.2 Orthopedic surgery 5 407 Risk ratio (M-H, random, 95% CI) 1.09 [0.71, 1.67]
1.5.3 Abdominal surgery 2 2334 Risk ratio (M-H, random, 95% CI) 1.55 [0.70, 3.47]
1.5.4 Gynecological surgery 1 78 Risk ratio (M-H, random, 95% CI) 2.00 [0.39, 10.29]
1.5.5 Neck surgery 1 50 Risk ratio (M-H, random, 95% CI) Not estimable
1.5.6 Vascular surgery 2 243 Risk ratio (M-H, random, 95% CI) 1.13 [0.33, 3.84]
1.5.7 Other surgery 3 283 Risk ratio (M-H, random, 95% CI) 1.76 [0.62, 5.01]

1.6 Patient satisfaction 14 3243 Risk ratio (M-H, random, 95% CI) 0.99 [0.91, 1.07]
1.6.1 Obstetric surgery 5 503 Risk ratio (M-H, random, 95% CI) 1.39 [0.84, 2.30]
1.6.2 Orthopedic surgery 1 60 Risk ratio (M-H, random, 95% CI) 1.00 [0.94, 1.07]
1.6.3 Abdominal surgery 2 2107 Risk ratio (M-H, random, 95% CI) 0.91 [0.73, 1.12]
1.6.4 Breast surgery 1 40 Risk ratio (M-H, random, 95% CI) 0.76 [0.53, 1.11]
1.6.5 Vascular surgery 1 83 Risk ratio (M-H, random, 95% CI) 0.95 [0.75, 1.20]
1.6.6 Head and neck surgery 3 247 Risk ratio (M-H, random, 95% CI) 0.99 [0.93, 1.06]
1.6.7 Other surgery 2 203 Risk ratio (M-H, random, 95% CI) 1.57 [0.57, 4.28]

1.7 Pain 5 390 Std. mean difference (IV, random,95% CI) 0.41 [�0.35, 1.16]
1.7.1 Obstetric surgery 3 152 Std. mean difference (IV, random, 95% CI) 2.12 [�0.04, 4.28]
1.7.2 Orthopedic surgery 1 38 Std. mean difference (IV, random, 95% CI) �0.58 [�1.23, 0.07]

Table 3

Sensitivity analysis on rate of overall and severe wound infection.

Outcome or subgroup Studies Participants Statistical method Effect estimate

2.1 Sensitivity analysis on rates of overall wound infection 34 9834 Risk ratio (M-H, random, 95% CI) 1.19 [0.80, 1.76]
2.1.1 Adequate allocation concealment 14 5540 Risk ratio (M-H, random, 95% CI) 1.49 [0.81, 2.76]
2.1.2 Unclear inadequate allocation concealment 20 4294 Risk ratio (M-H, random, 95% CI) 0.89 [0.56, 1.40]

2.2 Sensitivity analysis on rates of severe wound infection 16 2976 Risk ratio (M-H, fixed, 95% CI) 1.14 [0.62, 2.08]
2.2.1 Adequate allocation concealment 7 1995 Risk ratio (M-H, fixed, 95% CI) 1.06 [0.52, 2.20]
2.2.2 Unclear or inadequate allocation concealment 9 981 Risk ratio (M-H, fixed, 95% CI) 1.32 [0.45, 3.92]
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1.13. Subgroup analysis and investigation of heterogeneity

We conducted subgroup analyses in relation to the type of
surgery and the primary outcomes. We used Borenstein’s method
and examined the I2 statistic to investigate heterogeneity across
subgroups.[33]
1.14. Sensitivity analysis

We carried out sensitivity analyses to explore the effect of the
following methodological characteristics:
�
 Allocation concealment: we re-analysed the data excluding
trials with unclear or high risk of bias for allocation
concealment.
�
 Random-effects versus fixed-effect models: we re-analysed the
data using both random-effects and fixed-effect models to see if
there are substantive differences in interpretation.

1.15. Patients and public involvement

The authors stated that patients and public were not involved.
2. Results

2.1. Study characteristics

The PRISMA flow diagram for systematic reviews is showed in
Figure 2.
We identified 510 publications using the literature search

strategy. Two reviewers (RC and AR) independently read the
abstracts and applied the inclusion and exclusion criteria; 457
records were excluded after reviewing the titles and abstracts,
there remained 53 abstracts eligible for full-text evaluation.
After full-text assessment, we identified 42 publications that
fulfilled the inclusion criteria (see Table 1, Supplemental
Content, http://links.lww.com/MD/E368, which illustrates
the “Risk of bias”).
We identified no ongoing trials following a search of the

metaRegister ClinicalTrials.gov accessed on April 2018. 42
RCTs published between 1980 and 2016 were included in our
analysis. Study sizes ranged from 11[34] to 1671[35] for a total of
patients of 11,067. The trials concerned different surgical
specialities: 13 about cesarean skin closure, 10 about orthopaedic
surgery, 6 about abdominal surgery, 4 about vascular surgery, 3
about breast surgery, 2 about gynaecological surgery, 2 about
head and neck skin closure, and 2 about lacerations closure.
Figure 2. Study flow diagram.
2.2. Patients characteristics

All of the patients were 18 years old or over since three studies
excluded patients younger than this.[36–38] Three studies[39–42]

excluded patients with body mass index (BMI)>35. Seven
studies excluded participants with diabetes mellitus,[35,38,39,41–43]

three excluded pre-pregnancy,[39,43,44] but none of the studies
specified the number of patients excluded for any reason.
Revision or previous incision was the most reported exclusion
criteria.[14,45–48] In one study, four patients with a nickel allergy
were excluded.[46] In one study,[49] the participants who need
antibiotics were excluded from the analysis. Beyond gynaeco-
logical and obstetric procedures, 14 studies.[14,46–48,50–59]

provided data on the gender of the patients included but in
two of them[51,58]) it was not specified the allocation based on
6

sex. The use of routine antibiotics prophylaxis with cepha-
losporine was specified in ten studies,[36,39,42,45,46,48,55–57,59]

while in six it was not clarified which antibiotics were
used.[35,60–64]

http://links.lww.com/MD/E368
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2.3. Outcomes

All the informations concerning the outcomes of the trials are
detailed in Tables 1–3.
All but 5 studies[65,66–70] reported the overall infection rate.

Twenty studies also reported severe wound infection rate[36–
40,42,43,45–48,50,52,54,57–59,61,62,68,71]; one study[60] reported this
outcome without distinguishing between groups. In one case,[63]

an overall infections rate was solely reported. Nine studies
reported the length of hospital stay.[35–38,42,46,47,52,72,73] Six
studies[35–38,46,57,65] showed the readmission rate for wound
complications. Twenty-five studies[14,35–40,42,43,45–48,51,52,54,
55,58,60,61,63,65,68,71,73] highlighted 30 post-operative days ad-
verse events. Finally, 8 studies[34,37,47,50,55,60,69,70] reported the
cost-analysis of their procedure, but this was not evaluated as an
outcome in this study. Five studies reported private external
funding sources.[35,37,45,54,69] Three study[48,53,74] was funded by
public health internal authority.
Figure 3. Funnel plot of comparison: 1 Primary outcomes, outcome: 1.1 Rates
of overall wound infection.
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2.4. Effects of interventions
2.4.1. Comparison: staples vs sutures—primary outcomes

2.4.1.1. Risk of overall wound infection. We pooled the results
of 34 studies (9864 patients) using a random-effects model to
compare the effects of sutures and staples on wound infection.
Sutures resulted inslightly fewer overall wound infections
(4.90%) compared to staples (6.75%) but it is uncertain whether
there is a difference between the groups (RR 1.20, 95% CI 0.80–
1.79; patients=9864; studies=34; I2=70%). Results are shown
in Figure 3. The certainty of evidence was low as the evidence was
downgraded

∗∗
due to serious concern of risk of bias (58% of the

trials were reported unclear or inadequate allocation conceal-
ment and 80% reported unclear or inadequate blinding of the
outcome assessor) and imprecision (the Optimal Information Size
[OIS] criterion wasmet, however the 95%CI does not exclude no
effect).
2.4.1.2. Risk of severe wound infection. The evidence was
insufficient to determine whether there was a difference between
the two interventions in terms of rates of severe wound infection
[staples 1.4% vs sutures 1.3%; (RR 1.08, 95% CI 0.61–1.89;
patients=3036; studies=17; I2=0%; low quality of evidence).
The evidence was downgraded∗∗ due to serious concern
regarding risk of bias (58% of the trials reported unclear or
inadequate allocation concealment; 80% did not report the
blinding of the outcome assessor or were unclear) and
imprecision (too few events and large confidence interval).

2.4.1.3. Risk of bias. For details on risk of bias of included
studies see. Results for risk of bias assessment are resumed in
Figure 4.

2.4.2. Secondary outcomes

2.4.2.1. Length of hospital stay. Seven studies reported this
outcome including 2774 patients. The evidence was insufficient
to determine whether there was a difference between staples and
sutures in terms of hospital stay. The presence of very high
heterogeneity hindered the possibility of performing meta-
analysis. The mean difference in hospital stay ranged from
�2.05 days in favor of staples to 4.00 days in favor of sutures
across the studies. The evidence was judged very low to determine
whether there was a difference between staples and sutures in
terms of hospital stay.

2.4.2.2. Rates of readmission. Wound closure with sutures
slightly reduces the risk of readmission compared to wound
closure with staples. Although the rate of readmission was
slightly less for those with sutures (0.5%) than those with staples
(1.7%) (RR 1.28, 95% CI 0.18–9.05; patients=2466; studies=
5; I2=66%; low quality of evidence), the evidence was
downgraded∗∗ by two levels due to serious concern of risk of
bias (4/5 trials were at high/unclear risk of detection bias) and
imprecision (very few events and large confidence interval).

2.4.2.3. Adverse events. The employment of staples may
increase the risk of adverse events by two times compared to
the use of sutures (7.3% for staples vs 3.5% for sutures; RR 2.00,
95% CI 1.44–2.79; patients=6246; studies=21; I2=33%).
However, the certainty of evidence was judged low as there were
serious concern of risk of bias (11/14 trials reported inadequate
or unclear allocation concealment; 13/14 trials were judged
unclear or high risk of detection bias), and of imprecision (large
confidence interval).
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2.4.2.4. Patient satisfaction with cosmetic results. Patients with
sutures were more likely to be satisfied with the cosmetic results
of their surgery (63.7%) than patients with staples (60.5%) but
there was no evidence of difference between the interventions (RR
0.99, 95% CI 0.91–1.07; patients=3243; studies=14; I2=67%;
low quality of evidence). The evidence was downgraded∗∗ by two
levels due to serious concern regarding inconsistency (high and
unexplained heterogeneity) and imprecision (large confidence
interval).

2.4.2.5. Pain.The employment of sutures may slightly reduce the
post-operative pain compared to staples. In the trials that
measured this outcome, patients with sutures reported having less
pain than patients with staples (SMD 0.41, 95%CI �0.35 to
1.16; I2=88%, patients=390 patients, studies=5). A potential
concern could be that eterogeneity was very high. The exclusion
of one study[65] reduced significantly the heterogeneity to I2=
32% (P= .22) without affecting substantially the final results
(SMD 0.03 [�0.24, 0.31]). Compared to the other studies, this
was an old trial and this might explain the heterogeneity. Hence,
the evidence was downgraded∗∗ due to imprecision (large
confidence interval).
2.5. Subgroup analysis
2.5.1. Risk of overall wound infection according to type of
surgery. Subgroup analysis of risk of infection was performed
according to type of surgery. There was no evidence of subgroup
difference in the treatment effect between the trial according to
the type of surgery (x2=6.53, df=5 [P= .26], I2=23.4%).

2.5.2. Risk of severe wound infection according to type of
surgery. Similarly, we performed a subgroup analysis taking into
account the type of surgery for the risk of severe wound infection.
We did not find any subgroup difference according to the type of
surgery (x2=2.92, df=4 [P= .57], I2=0%).

2.6. Sensitivity analysis

When we restricted the analysis to the studies with adequate
allocation concealment, the results for overall wound infection
8

remained substantially the same (RR 1.49, 95% CI 0.81–2.76;
patients=5540; studies=15; I2=78%). The exclusion of a study
by Chunder lower significantly the magnitude of the heterogene-
ity without affecting the estimate of the treatment (RR 1.21 [0.89,
1.65], I2=16%). The population of this study, that assessed the
differences in wound complications after cesarean section
between skin closure with sutures or with staples, presented
demographic and clinical characteristics very different from those
of the other included studies. First, the study was conducted in
South Africa, where infection rates associated with pregnancy are
high and most cesarean deliveries are performed for prolonged
labor and, often, many hours after rupture of membranes, that is
a predisposing factor to develop wound infection. Secondly, the
incidence of obesity in the population study was very high and
this made challenging the staples placement. Thirdly, many
participants were HIV-infected and this affects wound infection;
moreover, all HIV-infected patients received therapeutic anti-
biotics compared with their noninfected counterparts, who only
received prophylactic antibiotics. Finally, most of patients were
from low socio-economic backgrounds and most of wound
infections occurred after discharge. All of these factors, that are
not present in other included studies, could influence the wound
infection outcome. Similarly, when analysis for severe wound
infection were restricted to the studies with adequate allocation
concealment, the results remained substantially the same (RR
1.06, 95% CI 0.52–2.20; patients=1995; studies=8; I2=0%).
No relevant differences were observed when using a random
versus fixed effects models for all the assessed outcomes (Table 3).

2.7. Publication bias analysis

An examination of funnel plots did not provide evidence of
publication bias for any outcome (Fig. 3).
3. Discussion

3.1. Overall findings

We identified 42 trials comparing staples with sutures to wound
closure in adult patients undergone any type of surgery in a
hospital operating room. The number of patients varied from 11
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to 1671 patients for a total of 11,067. The included studies
showed wide heterogeneity in site, length and type of surgical
wound. For these reasons, patients were divided into 8 groups
according to the type of surgery: orthopaedic, abdominal, breast,
vascular, head and neck, lacerations closure, caesarean skin
closure, and gynaecological one. In each group, wound closures
with staples were compared to wound closures with sutures. The
primary outcomes of this review were the risk of overall and
severe wound infection. Sutures resulted in slightly fewer overall
wound infections (4.90%) compared to staples (6.75%) but it is
uncertain whether there is a difference between the groups and
the certainty of evidence was low. The evidence was insufficient
to determine whether there was a difference between sutures and
staples in terms of rates of severe wound infection (staples 1.4%
vs sutures 1.3%) and the quality of evidence was low. These
results for overall and severe wound infections were confirmed
when we restricted the analysis to the studies with adequate
allocation concealment. Similarly, subgroup analysis based on
type of surgery did not find any subgroups difference between
sutures and staples in risk of overall and severe wound infections.
Secondary outcomes of this review were length of stay,
readmission rate, adverse events, patient satisfaction with
cosmetic results, and pain. Concerning the length of stay, the
evidence was insufficient to determine whether there was a
difference between two techniques. Compared to staples, sutures
probably slightly reduce the risk of readmission (0.5% vs 1.7%,
but the quality of evidence was low. The employment of staples
for wound closure may increase the risk of adverse events
compared to the use of sutures (7.3% for staples vs 3.5% for
sutures), but the certainty of evidence was low. Furthermore,
patients with sutures were more likely to be satisfied with the
cosmetic results of their surgery (63.7%) than patients with
staples (60.5%) but we found no evidence of difference between
the interventions and the quality of evidence was low. Moreover,
post-operative pain could be slightly less with sutures than
staples, but the heterogeneity resulted very high and the evidence
was downgraded∗∗ due to imprecision (large confidence
interval). All included studies were randomized trials and the
evidence was rated as low or very low quality. The main reason
for downgrading was that at least 60% of the studies were with
unclear or high risk allocation concealment and only 30% of the
trials clearly reported the blinding of the outcome assessor. Given
that patients and personnel could not be blinded, it was not
possible to avoid performance bias and we took in consideration
only the presence of detection bias for our judgement. Hence, for
almost all outcomes we downgraded for risk of bias due to the
presence of selection bias and detection bias. A further down-
grading was performed due to imprecision for all the assessed
outcomes. In addition, for post-operative pain and readmission
rates, unexplained heterogeneity was found and this caused a
further downgrading of the evidence. There was no evidence of
publication bias based on examination of a funnel plot.
The findings of this review are consistent with those of other

published systematic reviews. The best technique for wound
closure remains a matter still debated in the literature: many
RCTs and investigated whether sutures or staples were associated
with better wound outcomes, but they found no difference
between two techniques. In 2008, the guidelines of National
Institute for Health and Clinical Excellence (NICE) on surgical
site infection identified 11 randomized controlled trials (RCTs) in
8 different surgery types, which had compared staples and
sutures.[1] The guideline found no evidence of a difference
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between the two methods of closure in rates of surgical site
infection and recommended further RCTs to state the best closure
technique. Recently, Hemming reported the first systematic
review of systematic reviews of studies comparing staples and
sutures following any operative skin to skin or internal wound
closure. Similarly, concerning the wound infection and post
surgical complication, the authors found no consistent evidence
that one method outperformed the other across all surgery sites.
Furthermore, the authors stated there was a clear indication, that
although operating times varied considerably across specialties,
on average, staples resulted in decreased length of operating
time.[74] According to our findings, in a systematic review and
meta-analysis of 10 RCTs and 3 observational studies focusing
on comparing staples with sutures in orthopedic surgery,
Krishnan reported no significant differences in infection and
postoperative wound complications among participants who
received staples and sutures for skin closure. Although the
authors could not perform a quantitative analysis about post-
operative pain, they reported more pain on removal of staples
than sutures on the basis of qualitative analysis.[70] Also this
findings is consistent with our results. However, in orthopaedic
surgery a recent meta-analysis demonstrated a significantly
higher risk of superficial wound infection associated with staple
closure compared to sutures, but many of the included studies
had methodological limitations.[17] In a meta analysis of 5 RCTs
comparing the wound closure by sutures or staples outcomes at
cesarean delivery, Clay reported both wound dehiscence and
composite wound complication rates were significantly higher in
skin closure by staples with respect to sutures.[73] However, these
findings are due to a different inclusion criteria and to
methodological limitation of the study. In addition, the study
took into account all wound complications together as a single
outcome.
3.2. Implications for practice

Staples are commonly used to skin closure mostly because they
allow to reduce the operating time. However, it is unclear if
staples should be preferred to sutures concerning wound
outcomes. On the basis on our results, the skin closure by
sutures may slightly reduce readmission rate, adverse events and
postoperative pain compared to closure with staples; it is
uncertain whether the employment of sutures may decrease the
risk of overall and severe wound infections and whether it may
improve the degree of satisfaction in cosmetic results with respect
to application of staples. However, conclusive evidence cannot be
stated due to the low quality evidence of the included studies.
3.3. Implications for research

Further studies comparing sutureswith respect to staples should
focus on conducting high-quality RCTs. Detailed demographic
and pathological data should be presented as well as rigorous
and standardized tools of evaluation of wound outcomes
should be used in particular to evaluate postoperative pain and
degree of satisfaction for cosmetic outcome. Such trials should
follow a randomized, double-blind design. Finally, it could be
useful that in each surgical specialities the research design takes
into account the specific predisposing factor for wound
complications in order to allow surgeons to choose the optimal
skin closure technique on the basis on type of surgery as well as
patient’s clinical features.
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3.4. Strengths and limitations

To the best of our knowledge, this systematic review and meta-
analysis, that included 42RCTs comparing sutureswith staples for
skin closure, is the most comprehensive systematic review of these
interventions to date. Another strong point is that this study
analyzes the outcomes related to the closurewith sutures or staples
according to the different types of surgical specialties. This is a
relevant key point because different methods and materials are
used on the basis on the type of surgery, the length and anatomical
site of the wound; therefore, the type of surgery could be an
important factor affecting the wound closure outcomes. The main
limitation of this systematic review is the low overall quality of the
included studies.Moreover,manyoutcomes such as lengthof post-
operative hospitalization and readmission, length of scar, cosmetic
result were not reported in any trials. There is insufficient evidence
to report on patients who had preoperative antibiotics, for BMI,
diabetes mellitus and peripheral vascular disease. Wide heteroge-
neity was evident among the published trials concerning the
evaluation tools of cosmetic results and the degree of patients’
satisfaction; another issue was the heterogeneity of reporting
system of complications rate. Lastly, the influence of the skill of the
surgeon performing the suture was not assessed.

4. Conclusion

The employment of sutures may reduce pain and provide better
satisfaction with the cosmetic results than staples. It is uncertain
whether using sutures for wound closure may decrease the risk of
overall and severe wound infections, the readmission rate, the
adverse events and the postoperative pain compared to wound
closure with staples. Due to the lack of high quality evidence,
further clinical research is needed to assess the effects of the
sutures with respect to the staples in skin closure.

Author contributions

All authors made a substantial contribution to this study. GC,
RC, AA, and EM contributed to the conception and design of the
review. AB and ElM screened the titles and abstracts, examined
the full-text articles, extracted the data and assessed the risk of
bias. GC, AB, ElM, RC, JARDV, JR, and IA were responsible for
the analysis and interpretation of the data and the drafting of the
manuscript. GC, IA, JR, AA, JARDV, RC, and EM critically
revised the manuscript for the important intellectual content and
suggested amendments before submission. All authors had access
to all the data in the study and can take responsibility for the
integrity of the reported findings. GC is the guarantor.
Conceptualization: Giovanni Cochetti, Ettore Mearini.
Data curation: Andrea Boni, Alberto Arezzo, Elena Mazza,

Jacopo Adolfo Rossi de Vermandois.
Formal analysis: Giovanni Cochetti, Justus Randolph, Alberto

Arezzo, Jacopo Adolfo Rossi de Vermandois, Roberto Cirocchi.
Investigation: Roberto Cirocchi.
Methodology: Roberto Cirocchi.
Supervision: Giovanni Cochetti, Andrea Boni.
Validation: Ettore Mearini.
Visualization: Elena Mazza, Roberto Cirocchi, Ettore Mearini.
Writing – original draft: Giovanni Cochetti, Alberto Arezzo,

Elena Mazza, Roberto Cirocchi.
Writing – review & editing: Iosief Abraha, Justus Randolph,

Alessandro Montedori, Andrea Boni.
10
References

[1] National Institute of Health and Care Excellence (NICE). Surgical site
infections: prevention and treatment. Clinical guideline [CG74]. October
2008. www.nice.org.uk/Guidance/CG74 [accessed January 6, 2017].

[2] Cochetti G, Barillaro F, Cottini E, et al. Pneumoscrotum: report of two
different cases and review of the literature. Ther Clin Risk Manag
2015;11:581–7.

[3] Cochetti G, Puxeddu E, Zingaro MD, et al. Laparoscopic partial
nephrectomy of thyroid cancer metastasis: case report and review of the
literature. Onco Targets Ther 2013;6:355–60.

[4] Boni A, Cochetti G, Ascani S, et al. Robotic treatment of oligometastatic
kidney tumor with synchronous pancreatic metastasis: case report and
review of the literature. BMC Surg 2018;18:40.

[5] Zhan C, Miller MR. Excess length of stay, charges, and mortality
attributable to medical injuries during hospitalisation. J Am Med Assoc
2003;290:1868–74.

[6] Hochberg J, Meyer KM, Marion MD. Suture choice and other methods
of skin closure. Surg Clin North Am 2009;89:627–41.

[7] Edlich RF, Rodeheaver GT, Thacker JG, et al. Revolutionary advances in
the management of traumatic wounds in the emergency department
during the last 40 years: part II. J Emerg Med 2010;38:201–7.

[8] Johnson A, Rodeheaver GT, Durand LS, et al. Automatic disposable
stapling devices for wound closure. Ann Emerg Med 1981;10:
631–5.

[9] de Lissovoy G, Frraeman K, Hutchins V, et al. Surgical site infection:
incidence and impact on hospital utilization and treatment cost. Am J
Infect Control 2009;37:387–97.

[10] Roth JH, Windle BH. Staple versus suture closure of skin incisions in a
pig model. Can J Surg 1988;31:19–20.

[11] Stillman RM, Bella FJ, Seligman SJ. Skin wound closure. The effect of
various wound closure methods on susceptibility to infection. Arch Surg
1980;115:674–5.

[12] George TK, Simpson DC. Skin wound closure with staples in the
Accident and Emergency Department. J R Coll Surg Edinburgh
1985;30:54–6.

[13] MacGregor FB, McCombe AW, King PM, et al. Skin stapling of wounds
in the accident department. Injury 1989;20:347–8.

[14] Clay FS, Walsh CA, Walsh SR. Staples vs subcuticular sutures for skin
closure at cesarean delivery: a metaanalysis of randomized controlled
trials. Austral N Z J Surg 1991;61:363–5.

[15] Eldrup J, Wied U, Andersen B. Randomised trial comparing Proximate
stapler with conventional skin closure. Acta Chirurg Scand 1981;
147:501–2.

[16] Chughtai T, Chen LQ, Salasidis G, et al. Clips versus suture technique: is
there a difference? Can J Cardiol 2000;16:1403–7.

[17] Smith TO, Sexton D, Mann C, et al. Sutures versus staples for skin
closure in orthopaedic surgery: meta-analysis. Br Med J 2010;340:
c1199.

[18] Cirocchi R, Randolph J, Montedori A, et al. Staples versus sutures for
surgical wound closure in adults. Cochrane Datab System Rev 2014;8
(CD011250):

[19] Higgins JP, Green S, editor(s). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March 2011). The
Cochrane Collaboration, 2011. Available at handbook.cochrane.org.

[20] Abraha I, Cozzolino F, Orso M, et al. A systematic review found that
deviations from intention-to-treat are common in randomized trials and
systematic reviews. J Clin Epidemiol 2017;84:37–46.

[21] Chan AW, Hrobjartsson A, Haahr MT, et al. Empirical evidence for
selective reporting of outcomes in randomized trials: comparison of
protocols to published articles. JAMA 2004;291:2457–65.

[22] Macura A, Abraha I, Kirkham J, et al. Selective outcome reporting:
telling and detecting true lies. The state of the science. Intern Emerg Med
2010;5:151–5.

[23] Review Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2014.

[24] Bradburn MJ, Deeks JJ, Berlin JA, et al. Much ado about nothing: a
comparison of the performance of meta-analytical methods with rare
events. Statist Med 2007;26:53–77.

[25] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic and meta-analyses of studies that evaluate
interventions: explanation and elaboration. PLoS Med 2009;6:
e1000100.

http://www.nice.org.uk/Guidance/CG74


Cochetti et al. Medicine (2020) 99:25 www.md-journal.com
[26] Schünemann HJ, Oxman AD, Vist GE, et al. Chapter 12: Interpreting
results and drawing conclusions. In: Higgins JP, Green S, editor(s).
Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0 (updated March 2011). The Cochrane Collaboration, 2011.
Available at handbook.cochrane.org.

[27] Schünemann HJ, Oxman AD, Higgins JPT, et al. Chapter 11. Presenting
results and ‘Summary of findings’ tables. In: Higgins JPT, Green S, editors
(s). Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0. The Cochrane Collaboration. Available at www.
cochrane-handbook.org, 2011.

[28] Balshem H, Helfand M, Schunemann HJ, et al. GRADE guidelines: 3.
Rating the quality of evidence. J Clin Epidemiol 2011;64:401–6.

[29] Abraha I, Cruz-Jentoft A, Soiza RL, et al. Evidence of and
recommendations for non-pharmacological interventions for common
geriatric conditions: the SENATOR-ONTOP systematic review proto-
col. BMJ Open 2015;5:e007488.

[30] Borenstein M, Hedges LV, Higgins JP, et al. Introduction to Meta-
Analysis. Chichester, UK: John Wiley & Sons; 2008.

[31] Cross KJ, Teo EH,Wong SL, et al. The absorbable dermal staple device: a
faster, more cost-effective method for incisional closure. Plast Reconstr
Surg 2009;124:156–62.

[32] Mackeen AD, Khalifeh A, Fleisher J, et al. Suture compared with staple
skin closure after cesarean delivery: a randomized controlled trial.
Obstetr Gynecol 2014;123:1169–75.

[33] Basha SL, Rochon ML, Quiñones JN, et al. Randomized controlled trial
of wound complication rates of subcuticular suture vs staples for skin
closure at cesarean delivery. Am J Obstetr Gynecol 2010;203: 285.e1-8.

[34] Eggers MD, Fang L, Lionberger DR. A comparison of wound closure
techniques for total knee arthroplasty. J Arthroplasty 2011;26:1251-8.
e1-4.

[35] Cromi A, Ghezzi F, Gottardi A, et al. Cosmetic outcomes of various skin
closure methods following cesarean delivery: a randomized trial. Am J
Obstetr Gynecol 2010;203:36.e1-8.

[36] Aabakke AJ, Krebs L, Pipper CB, et al. Subcuticular suture compared
with staples for skin closure after cesarean delivery: a randomized
controlled trial. Obstetr Gynecol 2013;122:878–84.

[37] Naki MM, Api O, Acioglu HC, et al. Comparative study of a barbed
suture, poliglecaprone and stapler in Pfannenstiel incisions performed for
benign gynecological procedures: a randomized trial. Acta Obstetr
Gynecol 2010;89:1473–7.

[38] Rousseau JA, Girard K, Turcot-Lemay L, et al. A randomized study
comparing skin closure in cesarean sections: staples vs subcuticular
sutures. Am J Obstetr Gynecol 2009;200: 265.e1-4.

[39] Sharma C, Verma A, Soni A, et al. A randomized controlled trial
comparing cosmetic outcome after skin closure with ’staples’ or
’subcuticular sutures’ in emergency cesarean section. Arch Gynecol
Obstetr 2014;290:655–9.

[40] de Graaf IM, Oude Rengerink K, Wiersma IC, et al. Techniques for
wound closure at caesarean section: a randomized clinical trial. Eur J
Obstetr Gynecol Reprod Biol 2012;165:47–52.

[41] Gaertner I, Burkhardt T, Beinder E. Scar appearance of different skin and
subcutaneous tissue closure techniques in caesarean section: a random-
ized study. Eur J Obstetr Gynecol Reprod Biol 2008;138:29–33.

[42] Figueroa D, Jauk VC, Szychowski JM, et al. Surgical staples compared
with subcuticular suture for skin closure after cesarean delivery: a
randomized controlled trial. Am J Obstetr Gynecol 2013;121:33–8.

[43] Khan RJ, Fick D, Yao F, et al. A comparison of three methods of wound
closure following arthroplasty: a prospective, randomised, controlled
trial. J Bone Joint Surg 2006;88:238–42.

[44] Mudd CD, Boudreau JA, Moed BR. A prospective randomized
comparison of two skin closure techniques in acetabular fracture
surgery. J Orthop Traumatol 2014;15:189–94.

[45] Yuenyongviwat V, Iamthanaporn K, Hongnaparak T, et al. A
randomised controlled trial comparing skin closure in total knee
arthroplasty in the same knee: nylon sutures versus skin staples. Bone
Joint Res 2016;5:185–90.

[46] Slade Shantz JA, Vernon J, Morshed S, et al. Sutures versus staples for
wound closure in orthopaedic surgery: a pilot randomized controlled
trial. Patient Saf Surg 2013;7:6.

[47] Ritchie AJ, Rocke LG. Staples versus sutures in the closure of scalp
wounds: a prospective, double-blind, randomized trial. Injury 1989;
20:217–8.

[48] Hlubek R, Walder P, Ká�na J, et al. Metal staples versus conventional
suture for wound closure in total knee arthroplasty. Acta ChirurgOrthop
Traumatol Cechoslovaca 2014;81:233–7.
11
[49] Kobayashi S, Ito M, Yamamoto S, et al. Randomized clinical trial of skin
closure by subcuticular suture or skin stapling after elective colorectal
cancer surgery. Brit J Surg 2016;102:495–500.

[50] Pickford IR, Brennan SS, Evans M, et al. Two methods of skin closure in
abdominal operations: a controlled clinical trial. Brit J Surg 1983;
70:226–8.

[51] Tsujinaka T, Yamamoto K, Fujita J, et al. Subcuticular sutures versus
staples for skin closure after open gastrointestinal surgery: a phase 3,
multicentre, open-label, randomised controlled trial. Lancet 2013;
382:1105–12.

[52] Angelini GD, Butchart EG, Armistead SH, et al. Comparative study of leg
wound skin closure in coronary artery bypass graft operations. Thorax
1984;39:942–5.

[53] Johnson RG, Cohn WE, Thurer RL, et al. Cutaneous closure after
cardiac operations: a controlled, randomized, prospective comparison of
intradermal versus staple closures. Ann Surg 1997;5:606–12.

[54] Mullen JC, BentleyMJ,Mong K, et al. Reduction of leg wound infections
following coronary artery bypass surgery. Can J Cardiol 1999;15:65–8.

[55] Wolterbeek JH, van Leeuwen AA, Breslau PJ. Skin closure after
infrainguinal bypass surgery: a prospective randomised study. Eur J Vasc
Endovasc Surg 2002;23:321–4.

[56] Selvadurai D, Wildin C, Treharne G, et al. Randomised trial of
subcuticular suture versus metal clips for wound closure after thyroid
and parathyroid surgery. Ann R Coll Surg Engl 1997;79:303–6.

[57] Bohman Van R, Cilstrap LC, Ramin SM, et al. Subcuticular suture versus
staples for skin closure in vertical skin incisions in caesarean sections. J
Maternal-Fetal Med 1994;3:212–5.

[58] Chunder A, Devjee J, Khedun SM, et al. A randomised controlled trial of
suture materials used for caesarean section skin closure: do wound
infection rates differ? South Af Med J 2012;102:374–6.

[59] Fitzwater JL, Jauk VC, Figueroa D, et al. Wound morbidity with staples
compared with suture for cesarean skin closure by diabetic status. J
Maternal-Fetal Neonatal Med 2016;29:279–82.

[60] Huppelschoten AG, van Ginderen JC, van den Broek KC, et al. Different
ways of subcutaneous tissue and skin closure at cesarean section: a
randomized clinical trial on the long-term cosmetic outcome. Acta
Obstetr Gynecol Scand 2013;92:916–24.

[61] Stockley I, Elson RA. Skin closure using staples and nylon sutures: a
comparison of results. Ann R Coll Surg Engl 1987;69:76–8.

[62] Eaton AC. A controlled trial to evaluate and compare a sutureless skin
closure technique (op-site skin closure) with conventional skin suturing
and clipping in abdominal surgery. Brit J Surg 1980;67:857–60.

[63] Harving N, Rasmussen PC, Brondbjerg M, et al. Skin closure in
abdominal surgery - skin staples versus conventional sutures. Surg Res
Commun 1990;8:59–61.

[64] Steele RJ, Chetty U, Forrest AP. Staples or sutures for mastectomy
wounds? A randomised trial. J R Coll Surg Edinburgh 1983;28:17–8.

[65] Frishman GN, Schwartz T, Hogan JW. Closure of Pfannenstiel skin
incisions. Staples vs. subcuticular suture. J ReprodMed 1997;42:627–30.

[66] OrlinskyM, Goldberg RM, Chan L, et al. Cost analysis of stapling versus
suturing for skin closure. Am J Emerg Med 1995;13:77–81.

[67] Madsen AM, Dow ML, Hutz CE, et al. Absorbable subcuticular staples
comparedwith suture for cesarean closure: a randomized controlled trial.
Obstetr Gynecol 2015;125:26S–7S.

[68] Munghate A, Mittal S, Singh H, et al. Skin staples: a safe technique for
securing mesh in lichtensteins hernioplasty as compared to suture. Surg
Res Pract 2014;2014:958634.

[69] Hemming K, Pinkney T, Futaba K, et al. A systematic review of
systematic reviews and panoramic meta-analysis: staples versus sutures
for surgical procedures. PLoS ONE 2013;8:e75132.

[70] Krishnan R, MacNeil SD, Malvankar-Mehta MS. Comparing sutures
versus staples for skin closure after orthopaedic surgery: systematic
review and meta-analysis. BMJ Open 2016;6:e009257.

[71] Grgic M, Ivkic M. Use of skin staplers in head and neck surgery:
prospective clinical study. J Otolaryngol 2002;31:137–9.

[72] Fisher DA, Bengero LL, Clapp BC, et al. A randomized, prospective study
of total hip wound closure with resorbable subcuticular staples.
Orthopedics 2010;33:665.

[73] Clay FS, Walsh CA, Walsh SR. Staples vs subcuticular sutures for skin
closure at cesarean delivery: a metaanalysis of randomized controlled
trials. Am J Obstetr Gynecol 2011;204:378–83.

[74] Shetty AA, Kumar VS, Morgan-Hough C, et al. Comparing wound
complication rates following closure of hip wounds with metallic skin
staples or subcuticular vicryl suture: a prospective randomised trial. J
Orthop Surg 2004;12:191–3.

http://www.cochrane-handbook.org/
http://www.cochrane-handbook.org/
http://www.md-journal.com

	Surgical wound closure by staples or sutures?
	Strengths and limitations of this study
	1 Introduction
	1.1 Description of the condition
	1.2 Objectives
	1.3 Methods
	1.4 Information sources
	1.5 Selection of studies
	1.6 Data extraction and management
	1.7 Outcomes
	1.8 Assessment of risk of bias
	1.9 Measures of treatment effect
	1.10 Assessment of heterogeneity
	1.11 Assessment of reporting biases
	1.12 Data synthesis
	1.13 Subgroup analysis and investigation of heterogeneity
	1.14 Sensitivity analysis
	1.15 Patients and public involvement

	2 Results
	2.1 Study characteristics
	2.2 Patients characteristics
	2.3 Outcomes
	2.4 Effects of interventions
	2.4.1 Comparison: staples vs sutures-primary outcomes
	2.4.1.1 Risk of overall wound infection
	2.4.1.2 Risk of severe wound infection
	2.4.1.3 Risk of bias

	2.4.2 Secondary outcomes
	2.4.2.1 Length of hospital stay
	2.4.2.2 Rates of readmission
	2.4.2.3 Adverse events
	2.4.2.4 Patient satisfaction with cosmetic results
	2.4.2.5 Pain


	2.5 Subgroup analysis
	2.5.1 Risk of overall wound infection according to type of surgery
	2.5.2 Risk of severe wound infection according to type of surgery

	2.6 Sensitivity analysis
	2.7 Publication bias analysis

	3 Discussion
	3.1 Overall findings
	3.2 Implications for practice
	3.3 Implications for research
	3.4 Strengths and limitations

	4 Conclusion
	Author contributions
	References


