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Abstract 

Purpose: This systematic review and meta-analysis aimed to study surgical site infection of wound closure using 
staples versus sutures in elective knee and hip arthroplasties.

Methods: A systematic literature review was performed to search for randomized controlled trials that compared 
surgical site infection after wound closure using staples versus sutures in elective knee and hip arthroplasties. The pri-
mary outcome was surgical site infection. The risk of bias was assessed with the Cochrane risk of bias assessment tool. 
The relative risk and 95% confidence interval with a random-effects model were assessed.

Results: Eight studies were included in this study, including 2 studies with a low risk of bias, 4 studies having ‘some 
concerns’, and 2 studies with high risk of bias. Significant difference was not found in the risk of SSI for patients with 
staples (n = 557) versus sutures (n = 573) (RR: 1.70, 95% CI: 0.94–3.08,  I2 = 16%). The results were similar after exclud-
ing the studies with a high risk of bias (RR: 1.67, 95% CI: 0.91–3.07,  I2 = 32%). Analysis of studies with low risk of bias 
revealed a significantly higher risk of surgical site infection in patients with staples (n = 331) compared to sutures 
(n = 331) (RR: 2.56, 95% CI: 1.20–5.44,  I2 = 0%). There was no difference between continuous and interrupted sutures 
(P > 0.05). In hip arthroplasty, stapling carried a significantly higher risk of surgical site infection than suturing (RR: 2.51, 
95% CI: 1.15–5.50,  I2 = 0%), but there was no significant difference in knee arthroplasty (RR: 0.87, 95% CI: 0.33–2.25, 
 I2 = 22%; P > 0.05).

Conclusions: Stapling might carry a higher risk of surgical site infection than suturing in elective knee and hip 
arthroplasties, especially in hip arthroplasty.

Keywords: Surgical site infection, Wound closure, Total knee replacement, Total hip replacement, Arthroplasty, 
Systematic review
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Background
In arthroplasty, surgical site infections (SSI) are an 
important problem associated with prosthetic joint infec-
tion, prolonged hospitalization, reoperation, readmis-
sion, increased mortality rates and increased healthcare 
costs [1, 2]. To prevent SSI, the World Health Organiza-
tion (WHO) released the global guidelines (2016) for the 
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use of antimicrobial-coated sutures [3]. However, the 
guidelines do not address the ongoing debate of stapling 
versus suturing in wound closure.

Owing  to the low incidence of SSI, many randomized 
controlled trials (RCT) are underpowered and devalu-
ated with a high risk of bias. Krishnan and colleagues 
indicated that patients in orthopedic and trauma surgery 
randomized to staples had a higher risk of SSI compared 
to patients randomized to sutures (RR, 2.05; 95% CI,1.38 
to 3.06) [4]. However, there was no significant differ-
ence after excluding the studies with a high risk of bias 
[4]. Furthermore, both elective and trauma cases were 
included, causing heterogeneity in the study population 
because post-traumatic skin perfusion and wound heal-
ing are more difficult [5].

Recently, Mallee et al. [6] published the largest RCT 
in patients undergoing elective hip arthroplasty. This 
study showed a nearly three times greater risk of SSI after 
wound closure using staples versus sutures [6]. Given this 
recent evidence and the potential implications for SSI in 
patients undergoing arthroplasty in the elective setting, 
an analysis of available evidence is warranted. Therefore, 
we raised 4 questions: (1) Are staples or sutures associ-
ated with higher risk of SSI? (2) Do the results change 
when the analysis is limited to studies with a low risk of 
bias? (3) Do the outcomes differ between continuous and 
interrupted sutures? and (4) Do outcomes differ between 
hip and knee arthroplasties?

Methods
We performed a systematic review and meta-analysis of 
RCT on SSI after primary hip and knee arthroplasties. 
We compared the risks of stapling versus suturing. The 
study was performed according to the Cochrane guide-
lines [7] and reported following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis guide-
lines (PRISMA) guidelines [8].

Primary outcome
Our primary outcome was SSI, defined as either super-
ficial or deep infections. If the authors did not specify 
if infection is superficial or deep, we included their 
reported SSI. In case both categories were described, we 
assumed that we could combine the cases. When SSI was 
reported at multiple time points, the one with the longest 
available follow-up time was selected.

Search strategy and study selection
We systematically searched the electronic databases 
PubMed, Embase, Cinahl, Cochrane, Google Scholar 
and Web of Science (Table S1 of the Appendix). Further-
more, we searched the first 15 pages of Google to identify 
potential studies that were not included in the databases 

mentioned above or had been published in non-indexed 
journals. Our final search was conducted on December 
23, 2020. Then, two researchers (RK and AK) indepen-
dently assessed the studies. Our inclusion criteria were: 
(1) RCTs; (2) adult patients (> 18 years of age); (3) elec-
tive knee and hip arthroplasties; (4) studies comparing 
stapling and suturing, and (5) reporting SSI as an out-
come. The exclusion criteria were: (1) a barbed suture 
method because it was different from the methods men-
tioned above, (2) the use of synthetic adhesives such as 
2-octyl cyanoacrylate; and (3) mixed populations (both 
trauma and elective surgery). A third researcher (JD) was 
available for resolving disputes about the eligibility of 
inclusion.

Data extraction
One author (AK) extracted the data from the included 
studies. The second author (RK) verified the included 
data. We translated non-English trials using Google 
Translate. If there were questions about the (possibly) 
included studies, we personally communicated with the 
corresponding authors.

Risk of bias
Using the Cochrane risk of bias assessment tool 2.0, we 
assessed the outcomes of the included studies to find 
an overall risk-of-bias score [9]. Algorithms were used 
to determine the risk of bias per domain and the over-
all risk of bias score. Three independent researchers (LG, 
BL and AK) assessed the risk of bias for included RCTs. 
Discrepancies were solved by comparing notes. A fourth 
researcher (JD) was available for resolving the disputes 
about biases.

Statistical analysis
Statistical analysis was conducted using Review Manager 
(RevMan), version 5.4 (The Nordic Cochrane Centre, 
The Cochrane Collaboration, 2009, Copenhagen, Den-
mark) and Stata 15 (StataCorp LP, College Station, TX, 
USA). We calculated relative risk (RR) and 95% confi-
dence interval (CI) with a random effects model [10]. 
We explored the publication bias using funnel plots and 
Egger’s regression test. Statistical heterogeneity was 
quantified by using the  I2 value. A value equal to 40% 
or more was considered to be substantial heterogeneity 
[7]. Pre-planned subgroup analysis included a compari-
son between stapling and continuous and interrupted 
suturing in hip and knee arthroplasties. We used post hoc 
subgroup analyses to explore the effect size. Differences 
across subgroups were interpreted through the test for 
subgroup interaction, where a conservative threshold of 
P < 0.10 was used to indicate significant differences across 
subgroup effect sizes since tests for subgroup interactions 
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are typically underpowered. Sensitivity analyses were 
performed to assess whether conclusions were affected 
when studies with “some concerns” or “high risk of bias” 
were excluded.

Results
Our systematic search retrieved 399 unique studies 
(Fig.  1), and 356 of them were excluded based on title 
and abstract screening. After reading the full text, we 
excluded another 35 studies with erroneous study design 
or intervention (Table 2 of the Appendix). Finally, a total 
of 8 studies met the inclusion criteria (Table  1) [6, 11–
17]. One of them was not available in English and was 
translated using Google Translate [14]. We extracted pre-
defined study characteristics and the incidence of SSI in 
both groups.

Study characteristics
In the 8 RCTs, 5 studies focused on knee arthroplasty 
[12–14, 16, 17], 2 studies on hip arthroplasty [6, 11], and 
1 study on both hip and knee arthroplasty [15]. A total 
of 1130 patients (stapling in 557 patients and suturing 
in 573 patients) were included in the meta-analysis. In 

2 studies, SSI was the primary outcome [6, 15]. In the 
remaining 6 studies, SSI was described as one of the sec-
ondary outcomes. The incidence of SSI varied from 0 
to 15.7%. We did not observe wound complications or 
SSI in 2 studies [13, 17]. A clear description of SSI was 
reported in 2 studies [6, 15]. The remaining 6 studies did 
not provide a clear definition of SSI. Absorbable sutures 
were used in 5 studies and non-absorbable sutures were 
used in 3 studies [6, 11, 16]. The follow-up period ranged 
from 7 days to 1 year.

Risk of Bias
Two studies had low risk of bias [6, 15], 4 studies had 
‘some concerns’ [11, 12, 16, 17], and 2 studies had high 
risk of bias [13, 14]. Owing to the intervention nature, 
blinding of patients and outcome assessors was impossi-
ble in all studies. In 2 studies, the authors tried to prevent 
bias by blinding the outcome assessor or statistician [6, 
15]. In 1 study, the follow-up lasted for 7 days, which was 
insufficient for detecting SSI [13]. The important reasons 
for being rated as high risk were the concerns about SSI 
detected (Appendix Table 3 and 4). In many studies [11–
14, 16, 17], there was lack of description of SSI, which 

Fig. 1 Flow of the identified studies
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influenced the intervention. Other concerns included the 
lack of information about the randomization process or 
predictable allocation sequence (quasi-randomization) 
(Table 2).

Meta-analysis
In all RCTs combined, we did not find a significant dif-
ference in the risks of SSI between suturing (n = 557) and 
stapling (n = 573) (RR: 1.70, 95% CI: 0.94–3.08,  I2 = 16%) 
(Fig.  2A). The results were similar after excluding the 

studies with high risk of bias, where we did not find a 
significant difference between stapling (n =  508) and 
suturing (n = 530) (RR: 1.67, 95% CI: 0.91–3.07,  I2 = 32%) 
(Fig.  2B). When the analysis was limited to the studies 
with a low risk of bias (Mallee et al. and Khan et al.), we 
found a significantly higher risk of SSI for patients treated 
with staples (n = 331) compared to sutures (n = 331) (RR: 
2.56, 95% CI: 1.20–5.44,  I2 = 0%) (Fig. 2C).

Subgroup analyses did not suggest significant differ-
ences in the risks of SSI between staples and interrupted 

Table 2 Risk of Bias in the included studies
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sutures and between staples and continuous sutures (P 
value for subgroup interaction = 0.99) (Fig. S1). For the 
hip arthroplasty subgroup, staples were associated with 
an increased risk of SSI compared to sutures (RR: 2.51, 
95% CI: 1.15–5.50,  I2 = 0%), but there was no differ-
ence in knee arthroplasty (RR:0.87, 95% CI: 0.33–2.25, 
 I2 = 22%). The test for interaction across subgroups indi-
cated a significant difference in effect size between the 
two subgroups (P value for subgroup interaction = 0.09) 
(Fig. S2). Statistical analysis of publication bias was not 
feasible because the number of our studies was smaller 
than 10 [7].

Discussion
In this systematic review and meta-analysis, we assessed 
the risk of SSI after primary wound closure with staples 
versus sutures in elective knee and hip arthroplasty. Our 
primary findings suggest that wound closure with staples 

carries a higher risk of SSI than sutures. Furthermore, 
we showed that the subgroup of patients undergoing hip 
arthroplasty may have a higher risk of SSI when treated 
with staples, but no difference was found for knee arthro-
plasty. However, given the low power in this meta-anal-
ysis and the heterogeneity of SSI definitions, the results 
remain non-definitive.

This is the first meta-analysis that focused primarily 
on wound closure with staples and sutures in elective 
hip and knee arthroplasties. Previous reviews focused 
on heterogeneous groups, including both trauma as well 
as elective patients, or focused on other closing materi-
als such as barbed sutures [4, 18–20]. The strength of our 
study includes a large number of patients (1130 patients), 
a relatively sufficient number of RCTs (8 studies), and 
study of elective arthroplasties. Using the Cochrane 
risk of bias assessment tool 2.0, we assessed, in detail, 
the risks of bias based on the 5 different domains, and 

Fig. 2 Forest plot showing the relative risk (RR, 95% CI) for patients receiving staples versus sutures for wound closure in arthroplasty in (A) all 
included RCTs, (B) RCTs with some concerns and low risk of bias, and (C) RCTs with only low risk of bias
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conducted a sensitivity analysis by excluding the studies 
with a higher risk of bias.

The major limitation of this systematic review is the 
lack of high-quality and adequately-powered studies in 
arthroplasty. Future studies should primarily focus on 
SSI, more clearly describe the outcomes (e.g., definitive 
data from Centers for Disease Control and Prevention 
and at least 1 year follow-up to detect all potentially seri-
ous SSI), and have definitive results based on larger sam-
ple size. Second, double blinding was largely absent in the 
included studies due to the nature of the interventions 
but should be possible for the statistician in future stud-
ies. Third, the heterogeneous population (including both 
knee and hip arthroplasties) and different postoperative 
wound managements and healing processes decrease the 
power of the meta-analysis, resulting in a non-definitive 
conclusion [5].

Joint arthroplasty remains one of the most com-
mon surgical procedures and is a significant contribu-
tor to SSI burden worldwide. It is crucial to identify the 
interventions to reduce the risk of SSI. When choosing 
a wound closure method, we should consider these fac-
tors, including availability, familiarity, affordability, cost-
effectiveness, cosmetic outcome, and patient and surgeon 
preferences. Stapling does reduce surgical time, but is a 
more expensive option [17, 21, 22].

Krishnan et al. [4] performed a meta-analysis and 
found that stapling had a higher incidence of SSI than 
suturing in elective and traumatic arthroplasties, but 
the inclusion was not limited to studies with a low risk 
of bias. It is unclear whether the SSI is associated with 
soft tissue reaction to stainless steel and titanium of sta-
ples, wound tension, the lack of perfusion, or poor tech-
niques [21]. Overlapping or inverted wound edges may 
cause persistent oozing and infection at skin entry points 
[5, 23]. Several studies provided a description of stapling 
techniques [12, 13, 17]. One of them showed that wound 
oxygenation is similar in skin closure when subcuticular 
Vicryl or staples were used [13]. Theoretically, greater 
space between staples may provide an advantage in terms 
of oxygenation. Therefore, during wound closure, (1) the 
assistant should help prevent overlapping or inversion of 
the wound edges using toothed forceps, and (2) ensure 
enough spacing between staples (at least 6 mm) [5, 13].

No difference between subgroups was found for con-
tinuous and interrupted sutures; however, the subgroup 
analysis was underpowered. Liu et  al. [24] studied the 
differences between running absorbable and vertical mat-
tress nonabsorbable sutures in total knee arthroplasty, 
and also showed no difference in infection rates. We 
therefore hypothesize that the suturing type may be less 
relevant than the ongoing debate between stapling versus 
suturing.

In hip arthroplasty, we found stapling was associated 
with an increased risk of SSI, compared to suturing. The 
underlying mechanism remains unclear but possibly 
involves a longer incision in knee arthroplasty, associ-
ated with more mobility than hip arthroplasty [15, 20]. 
Suturing may be a preferential option to stapling in hip 
arthroplasty.

Conclusion
Stapling might carry a higher risk of surgical site infec-
tion than suturing in elective knee and hip arthroplasties, 
especially in hip arthroplasty.
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