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Aim: The purpose of this study was to conduct a meta-analysis to systematically compare the clinical out-
comes between knee barbed sutures (KBS) and knee traditional sutures (KTS) for wound closure in total
knee arthroplasty (TKA). Method: This study retrieved potential academic articles comparing the clinical
outcomes between KBS and KTS in TKA from the MEDLINE database, the PubMed database, the EM-
BASE database and the Cochrane Library. The reference articles for the identified studies were carefully
reviewed to ensure that all available documents were represented in the study. Results: A total of 14
articles (eight randomized controlled trials [RCTs], six non-RCTs) were involved in our study. The overall
participants of barbed Sutures group were 1255, whereas it was 1247 in the traditional sutures. Our meta-
analysis showed that KBS is preferable for wound closure of TKA as its shorter lower total cost (weighted
mean difference [WMD] = -276.281, 95% CI = -480.281 to -72.280; p = 0.008) and wound closure time
(WMD = -4.895,95% CI = -6.105 to -3.685; p < 0.001). However, there was no difference in any complica-
tions (p = 0.572), wound complications (p = 0.550), superficial infection (p = 0.918), deep infection (p =
0.654), wound dehiscence (p = 0.649), suture abscess (p = 0.939), arthrofibrosis (p = 0.970), needle sticks
(p = 0.158), suture breakage (p = 0.371) and knee society scores (KSS; p = 0.073). Conclusion: The use of
KBS in TKA is associated with significantly shortened wound closure times and total closure cost without
increased risk of intraoperative needle sticks and suture breakage and postoperative incision complica-
tions. Given the relevant possible biases in our study, adequately powered and more RCTs with long-term
follow-up are needed to compare the efficacy and safety between KBS and KTS.
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The dynamic state of the healthcare system and new healthcare policies, with medical technology as well as the
aging population, have focused on the increasing numbers of knee arthroplasties (KA) [1]. The rate of KA has
increased from 3.2 to 5.1 per 10,000 people [2]. The tremendous increase in the number of KA requires the
reduction of complications, the shortened operation time and the improved postoperative function [3]. Suture type
has been deemed to be a time consuming and a considerable part of the surgery [4]. In addition, the quality of
sutures is crucial to withstand forces during the early exercise of the knee joint [5]. Recently, barbed suturing that are
bidirectional in nature, has been introduced for edges of soft tissue wounds in gynecologic and plastic surgical fields
due to its multiple advantages including shorter closure time, less material used, improved watertight closure and
less infection-related complications [6–9]. However, the evaluation of overall primary outcomes in knee arthroplasty
reconstruction conducted by Campbell et al. [10] showed that a higher superficial infection rate using barbed sutures
(3.2 vs 11.8 %; p = 0.001). Gililland et al. [11] retrospectively compared two closure techniques in primary total
knee arthroplasty (TKA) and found the similar time, cost and closure-related problem rate between the barbed and
conventional group. In brief, various studies have shown mixed results [12,13]. Although, previous studies have been
performed to explicit the safety and efficiency of the barbed suturing, the conclusion still remains unclear [14–17].
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Therefore, the quantitative meta-analysis was examined to certify whether there is a difference in benefits with
barbed suture and conventional sutures in TKA.

Materials & methods
PRISMA [18], the abbreviation for Preferred Reporting Items for Systematic Reviews and Meta-Analyses, was used
as the guidelines.

Data sources & searches
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was used to conduct our study.
We sought to systematically and comprehensively retrieve all studies comparing the outcomes of knee barbed
sutures (KBS) versus knee traditional sutures (KTS) in TKA through EMBASE, PubMed, MEDLINE and the
Cochrane Library of Controlled Trial from the date of barbed suture was first used to close wound in operation by
McKenzie in 1967 [19] to December 20, 2018. Since Complex search strategies were performed by using ‘barbed’
or ‘knotless’ or ‘quill’ and ‘total knee arthroplasty’ or ‘total joint arthroplasty’ or ‘total knee replacement’ or ‘total
joint replacement’ as our search terms and keywords. All references for identified reports (including original studies,
review papers, systematic reviews and meta-analyses) were checked to search for trials that were not included in our
electronic search.

Inclusion & exclusion criteria
Studies were included if they met the following preplanned criteria in accordance with PICOS: population: limited
to the TKA population; intervention: used strictly KBS; comparison: using KBS and KTS in the TKA; outcome
measures: one or more of the intraoperative or following outcomes were reported: the total cost for suture, the total
time of closure and operation, KSS (Knee Society Score), the number of any complications, wound complications,
superficial infection, deep infection, wound dehiscence, suture abscess, arthrofibrosis and needle sticks, and suture
breakage; an official published full-text English-written randomized controlled trials (RCTs) or non-RCTs. The
exclusion criteria were as follows: conference or commentary articles and letter to the editor; observational studies
and animal trials; unclear patient characteristics and outcome data; case reports and case series; non-English language
publications.

Data extraction
Preplanned data elements were extracted independently by two observers, WQX and YZ, including basic data
(author, publication time, age), study characteristics (trial type, postoperative follow-up time) and outcomes (the
total cost for suture, the total time of closure and operation, KSS, the number of any complications, wound
complications, superficial infection, deep infection, wound dehiscence, suture abscess, arthrofibrosis and needle
sticks, suture breakage) in a tabular format and in a standardized form. The third investigator (X.Y.Y.) reviewed the
data for accuracy and completeness, and he was simultaneously responsible for verifying and contacting authors in
the event that data were incomplete or disagreement occurred in the process of data extraction.

Statistical analysis
Comparison of the outcomes of KBS versus KTS in TKA was analyzed by using standard software (Stata version 12.0
statistical software; Stata Corp LP, TX, USA). When I2 >50%, the data were considered with obvious heterogeneity,
therefore, a meta-analysis was conducted using a random effects model according to the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0). Otherwise, the fixed effect model was performed. p < 0.05 was
considered statistically significant between the two groups. For categorical variable outcomes (any complications,
wound complications, superficial infection, deep infection, wound dehiscence, suture abscess, arthrofibrosis, needle
sticks and suture breakage), a risk difference (RD) or relative ratio (RR) with 95% confidence interval (CIs) was
calculated for the assessment. The results of the continuous outcomes (the total cost for suture, KSS and the total
time of closure) were expressed as the mean difference (MD) with 95% CIs.

Results
Search results & study characteristics
Initially, 113 articles were identified by searching electronic databases and other sources, then 44 articles were
removed by preliminary screening and duplicate article detection. Finally, 14 articles satisfied the inclusion and
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Figure 1. Flowchart of the study selection process.

exclusion criteria for this research. Full texts and references were carefully read. Other details are shown in the flow
chart (Figure 1).

Quality assessment & risk of bias assessment
The literature quality evaluation was conducted separately by two reviewers. The study scores of all non-RCTs
assessed by the methodological index for nonrandomized studies (MINORS) are shown in Table 1. The quality
and applicability of each RCT included in our study were evaluated by using Cochrane’s Collaboration’s tool [20],
Figure 2A and B contain more details of the quality assessment for RCTs.

Study & patient characteristics
A total of 14 articles (eight RCTs [21–28] and six non-RCTs [29–34]) published between 2010 and 2018 were included
in the analysis and involved 2464 patients (1255 were treated with KBS and 1247 with KTS). Among them, Smith
et al. [26] conduct a study included an RCT and a retrospective study. The patients with simultaneous bilateral total
knee replacement were included in two studies (Rui et al. [35] and Sah et al. [25]) that KTS was used on one side
and KBS were used on the other side. The demographic characteristics and details of the method of placement
and suture type for a knee replacement of the two groups are summarized as shown in Tables 2 & 3, respectively.
Table 4 refers to the details of inclusion criteria and exclusion criteria of placement for knee arthroplasty.
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Table 1. Quality assessment score of the included studies.
Quality assessment for nonrandomized trials Eickmann

et al. (2010)
Gililland
et al. (2012)

Patel et al.
(2012)

Campbell
et al. (2014)

Maheshwari
et al. (2014)

Zhang et al.
(2016)

A clearly stated aim 2 2 2 2 2 2

Inclusion of consecutive patients 2 2 2 2 2 2

Prospective data collection 0 0 0 2 0 0

Endpoints appropriate to the aim of the study 2 2 2 2 2 2

Unbiased assessment of the study endpoint 2 2 2 2 2 2

A follow-up period appropriate to the aims of study 2 2 2 2 2 2

Less than 5% loss to follow-up 2 2 2 2 2 2

Prospective calculation of the sample size 0 0 0 0 0 0

An adequate control group 2 2 2 2 2 2

Contemporary groups 2 2 2 2 2 2

Baseline equivalence of groups 2 2 2 2 2 2

Adequate statistical analysis 2 2 2 2 2 2

Other bias

(%)
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Figure 2. Quality assessment of randomized trials. (A) A risk of bias graph for randomized controlled trials. (B) A risk of bias summary
for randomized controlled trials.

Post-procedural outcomes
Twelve outcomes were assessed with our meta-analysis: the total cost for suture, the total time of closure, KSS,
any complications, wound complications, superficial infection, deep infection, wound dehiscence, suture abscess,
arthrofibrosis, needle sticks and suture breakage.
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Table 2. Characteristics of trials comparing barbed closure to traditional closure.
Study Year Design Country Follow-

up
Sample (N) Age (mean) Gender ratio (M/F) BMI

BC TC BC TC BC TC BC TC

Eickmann et al.
(2010)

2010 RCS America 3 m 90 88 67.6y 68 32/54 23/56 NA NA

Gililland et al.
(2012)

2012 RCS America 1.5 m 98 85 61 63 32/66 30/55 32 33

Patel et al. (2012) 2012 RCS America NA 23 130 NA NA NA NA NA NA

Ting et al. (2012) 2012 RCT America 3 m 17 18 64 63 NA NA 32 32

Campbell et al.
(2014)

2014 n-RCT America 12 m 169 247 65.3 67.6 37/132 68/185 NA NA

Gililland et al.
(2014)

2014 RCT America 1.5 m 191 203 64 63 77/144 77/126 33 33

Maheshwari et al.
(2014)

2014 RCS America 6 m 115 75 65 61 22/93 16/59 34 34

Smith et al. (2014) 2014 RCT America NA 10 8 59.2 70.6 5/5 3/5 33.7 30.1

Sah AP et al. (2015) 2015 RCT America 12 m 50 50 68 68 21/29 21/29 30 30

Zhang et al. (2016) 2016 RCT China 3 m 68 48 65.3 64.4 10/58 7/41 NA NA

Chugaev et al.
(2017)

2017 RCT Russian 3 m 200 102 NA NA NA NA NA NA

Chan et al. (2017) 2017 RCT China 3 m 55 54 70.5 70.4 9/46 7/47 26.8 26.5

Malhotra et al.
(2017)

2017 RCT India 12 m 80 90 63.1 60 21/59 20/70 NA NA

Rui et al. (2018) 2018 RCT China 1 m 38 38 60.11 60.11 8/30 8/30 26.76 26.76

BC: Barbed closure; BMI (kg/m2): Body mass index (kg/m2); m: Month or months; N: Total number of observations; NA: Not mentioned; n-RCT: Nonrandomized prospective study;
RCS: Retrospective study; RCT: Randomized controlled trial; TC: Traditional closure; y: Year or years.

The total cost for suture
Five articles mentioned the total cost for suture and data pooled by a random effects model to reveal that there
was a significant difference in the total cost for suture between two groups (n = 648, WMD = -276.281, 95%
CI = -480.281 to -72.280; p = 0.008, I2 = 98.5%; p < 0.01; Figure 3). The present meta-analysis demonstrates
that KBS with a lower cost than KTS in TKA.

The total time of closure
Nine articles mentioned the total time of closure and data pooled by a random effects model to reveal that there
was a significant difference in the total time for suture between two groups (n = 1209, WMD = -4.895, 95%
CI = -6.105 to -3.685; p < 0.001, I2 = 91.5%; p < 0.01; Figure 4). The present meta-analysis demonstrates that
KBS with a lower time than KTS in TKA.

Knee society scores
There were three articles mentioned post-operation KSS, no obvious heterogeneity was observed and data pooled
by a fixed model was used to show that TBS with a higher KSS than KTS in TKA (n = 603, WMD = -1.634, 95%
CI = -3.421 to -0.153; p = 0.073, I2 = 24.3%; p > 0.05, Figure 5).

Any complications & wound complications
Patients in both groups showed similar rates of any complications (KBS: n = 18/432; KTS: n = 32/380; RR = 0.767,
95% CI = 0.307–1.920; p = 0.572; Figure 6) and wound complications (KBS: n = 92/1036; KTS: n = 82/1027;
RR = 0.861, 95% CI = 0.528–1.405; p = 0.550; Figure 7).

Superficial infection & deep infection
There were eight and five articles containing results of the rates of superficial infection and deep infection in the
KBS and KTS groups, respectively. The data were pooled and showed that there were no differences between the
two groups in rates of superficial infection (RR = 0.918, 95% CI: 0.414–2.033; p = 0.918; Figure 8) and deep
infection (RD = 0.003, 95% CI = -0.011–0.017; p = 0.654; Figure 9).
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Table 4. Details of inclusion criteria and exclusion criteria of placement for knee arthroplasty.
Study Design The total knee arthroplasty

Inclusion criteria Exclusion criteria

Eickmann et al.
(2010)

RCS 1. The patients who performed the total knee arthroplasty with
barbed or traditional closure

1. Cases with secondary procedures (hardware removal, knee
scope on the contralateral knee); 2. Revisions; 3. Unicondylar
arthroplasties; 4. Cementless total knees

Gililland et al.
(2012)

RCS 1. The patients who performed the total knee arthroplasty with
barbed or traditional closure

Unclear

Patel et al.
(2012)

RCS 1. The patients who performed the total knee arthroplasty with
barbed or traditional closure

1. All cases other than joint reconstruction cases like revision; 2.
Different preoperative diagnosis, patient demographics,
patient age

Campbell et al.
(2014)

RCS 1. The patients who performed the total knee arthroplasty with
barbed or traditional closure aged �18 years; 2. Partial and
total knee arthroplasties have similar infection rates and can be
compared

1. Revision knee arthroplasty; 2. Previous incision on the
operated knee; 3.History of chronic dementia (b20/30 MMSE)

Maheshwari
et al. (2014)

RCS 1. The patients who performed the total knee arthroplasty with
barbed or traditional closure

Unclear

Zhang et al.
(2016)

RCS 1. The patients with knee osteoarthritis who performed the
unilateral total knee arthroplasty

Unclear

Ting et al. (2012) RCT 1. Degenerative arthritis of the hip or knee with a planned
unilateral, primary THA or TKA

1. Local skin conditions such as dermatitis, eczema, or psoriasis;
2. Osteomyelitis or previous intra-articular infection; 3.
Inflammatory arthritis; 4. Connective tissue or vascular disorders
or diseases that would adversely affect wound healing; 5. Renal
insufficiency (dialysis); 6. Steroid dependence; 7.
Malnourishment; 8. Metastatic cancer; 9. Other disease
processes resulting in an immunocompromised state

Gililland et al.
(2014)

RCT 1. The patients who need to undergo a primary TKA; 2. Over
18 years old, 3. English speaking

1. Prior surgical incision or scar in close proximity of the
proposed incision (�2 cm)

Smith et al.
(2014)

RCT 1. The patients who need to undergo a primary TKA 1. Revision arthroplasty

Sah AP et al.
(2015)

RCT 1. The patients who need to undergo simultaneous bilateral
TKAs

1. Prior surgical incisions in the area of the planned surgical
approach

Chugaev et al.
(2017)

RCT 1. Patients with end-stage osteoarthritis requiring primary
non-complex TKA

Unclear

Chan et al.
(2017)

RCT 1. Patients with osteoarthritis requiring primary TKA 1. Revision arthroplasty; 2. Prior surgical incision; 3. Underlying
dermatological disease affecting the surgical site; 4. Those who
refused to consent

Malhotra et al.
(2017)

RCT 1. Unilateral primary total knee arthroplasty for osteoarthritis
of knee where medial para-patellar approach was used

1. Previous knee surgery; 2. Intra-articular infection; 3. Stiff
knee in which V-Y plasty of quadriceps was done; 4. Any
medical condition which compromises the wound healing,
barring obesity and diabetes to get a realistic sampling

Rui et al. (2018) RCT 1. The patients who need to undergo simultaneous bilateral
TKAs

1. A prior surgical incision or scar near the proposed incision
site; 2. Skin problems around the incision; 3. Due to the
different surgical difficulties of the 2 sides, we could not make
the difference in the incision length �1 cm; 4. The patient
refused to enroll in the study

RCT: Randomized controlled trial; RCS: Retrospective study; THA: Total hip arthroplasty; TKA: Total knee arthroplasty.

Arthrofibrosis, wound dehiscence & stitch abscess
There were no differences between the two groups in rates of arthrofibrosis (RR = 1.014, 95% CI = 0.486–2.116,
I2 = 0.00%; p = 0.970; Figure 10), wound dehiscence (RD = 0.005, 95% CI = -0.016–0.026, I2 = 41.7%; p =
0.649; Figure 11) and stitch abscess (RR = 1.023, 95% CI = 0.568–1.843, I2 = 33.7%; p = 0.939; Figure 12).

Needle sticks & suture breakage
There were only three articles containing the specific results of needle sticks and suture breakage in the two groups.
The random effects model showed that no significant difference was found in the result of needle sticks (RD = -
0.023, 95% CI = -0.056–0.009, I2 = 55.8%; p = 0.158; Figure 13) and suture breakage between two groups
(RD = 4.578, 95% CI = 0.163–128.289, I2 = 75.5%; p = 0.371; Figure 14).
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Ting et al. (2012)

Smith et al. (2014)

Sah AP et al. (2015)

Gililland et al. (2012)

Gililland et al. (2014)

Overall (I-squared = 98.5%, p = 0.000)

Study
ID WMD (95% CI) Weight (%)

-317.00 (-489.42– -144.58)

-550.00 (-889.35– -210.65)

-497.00 (-543.43– -450.57)

-32.00 (-79.78–15.78)

-95.00 (-118.12– -71.88)

-276.28 (-480.28– -72.28)

-889 0 889

19.36

13.85

22.20

22.19

22.40

100.00

Figure 3. Forest plot on the assessment of the total cost for suture.
WMD: Weighted mean difference.

Campbell et al. (2014)

Eickmann et al. (2010)

Chugaev et al. (2017)

Overall (I-squared = 95.9%, p = 0.000)

7.00 (3.06–10.94)

-11.50 (-15.38– -7.62)

-7.25 (-10.06– -4.44)

-3.95 (-13.98–6.09)

33.04

33.08

33.88

100.00

Study
ID WMD (95% CI) Weight (%)

-15.4 0 15.4

Figure 4. Forest plot on the assessment of the total time of closure.
WMD: Weighted mean difference.

Discussion
As the rate of TKA surgery continues to rise, it is particularly important to save cost–effectiveness while decreasing
or maintaining current complication rates. Closing wound, which is an important part of arthroplasty, may cost
considerable time and is crucial in remedying of wound and prevention of infection. Since KBS was first used to
close wound in operation by McKenzie in 1967 [19], it has been adopted for use in many fields of surgical specialties
due to be easy and speedy. Some surgeons supported that KBS leads to rapid wound closure and decrease the
infection rate [36]. They explained that it can evenly distribute tension on the wound tissue to prevent knot-related
ischemia and reduce complications. Nevertheless, there are some different voices emerging in other surgeons. They
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Chan et al. (2017)

Gililland et al. (2014)

Sah AP et al. (2015)

Overall (I-squared = 24.3%, p = 0.267) 

-3.00 (-5.76– -0.24)

2.00 (-3.65–7.65)

-1.20 (-3.78–1.38)

-1.63 (-3.42–0.15)

41.90

10.01

48.09

100.00

Study
ID WMD (95% CI) Weight (%)

-7.65 0 7.65

Figure 5. Forest plot on the assessment of knee society scores.
WMD: Weighted mean difference.

Eickmann et al. (2010)

Gililland et al. (2012)

Maheshwari et al. (2014)

Patel et al. (2012)

Overall (I-squared = 58.7%, p = 0.064)

0.73 (0.27–2.03)

0.53 (0.22–1.31)

0.16 (0.02–1.43)

2.51 (0.84–7.48)

0.77 (0.31–1.92)

28.80

31.12

12.74

27.34

100.00

Study
ID RR (95% CI) Weight (%)

0.0186 1 53.8

Figure 6. Forest plot on the assessment of any complications.
RR: Relative risk.

thought that KBS might lead to add the rate of the infectious complications in wound closure. Wright et al. showed
that KBS increased the incidence of the extensor mechanism repair failure versus the traditional sutures [37]. It
happens that there is a similar case that Helling et al. reported that suture suspension might gradually fail because
of eversion of suture barbs or migration through tissues in barbed suture facial suspension [38]. They thought that
eversion rates were higher than those reported in recent literature. So far, the application of KBS in the arthroplasty
is still under debate.

Given for the debate related KBS, we performed a meta-analysis. we found that the total cost for suture and
the total time of closure of KBS is statistically lower than the KTS. Similar with our findings, Zhang et al. [39]

performed a meta-analysis involving nine articles and found that use of KBS in TKA reduces wound closures time
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Campbell et al. (2014)

Eickmann et al. (2010)

Gililland et al. (2014)

Gililland et al. (2012)

Maheshwari et al. (2014)

Smith et al. (2014)

Zhang et al. (2016)

Chan et al. (2017)

Ting et al. (2012)

Sah AP et al. (2015)

Malhotra et al. (2017)

Rui et al. (2018)

Overall (I-squared = 52.4%, p = 0.017)

2.68 (1.56–4.60)

0.59 (0.14–2.38)

0.97 (0.44–2.16)

0.47 (0.15–1.50)

0.16 (0.02–1.43)

1.09 (0.25–4.81)

1.48 (0.77–2.86)

0.22 (0.05–0.96)

0.71 (0.13–3.72)

0.33 (0.04–3.10)

0.90 (0.25–3.24)

1.00 (0.22–4.65)

0.86 (0.53–1.41)

15.13

7.36

12.46

9.02

3.98

6.85

13.90

6.84

5.91

3.82

8.17

6.56

100.00

Study
ID RR (95% CI) Weight (%)

0.0186 1 53.8

%, p = 0.017)

Figure 7. Forest plot on the assessment of wound complications.
RR: Relative risk.

Campbell et al. (2014)

Eickmann et al. (2010)

Gililland et al. (2014)

Gililland et al. (2012)

Maheshwari et al. (2014)

Chugaev et al. (2017)

Patel et al. (2012)

Chan et al. (2017)

Overall (I-squared = 50.2%, p = 0.050)

2.92 (1.62–5.26)

0.98 (0.06–15.39)

1.06 (0.45–2.50)

0.42 (0.08–2.23)

0.16 (0.02–1.43)

0.51 (0.07–3.57)

1.82 (0.08–43.35)

0.33 (0.01–7.86)

0.92 (0.41–2.03)

26.66

6.57

22.95

13.10

9.38

10.88

5.24

5.21

100.00

Study
ID RR (95% CI) Weight (%)

0.0136 1 73.4

Figure 8. Forest plot on the assessment of superficial infection.
RR: Relative risk.
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Campbell et al. (2014)

Eickmann et al. (2010)

Gililland et al. (2014)

Maheshwari et al. (2014)

Chugaev et al. (2017)

Overall (I-squared = 54.6%, p = 0.066)

0.04 (0.01–0.07)

-0.01 (-0.04–0.02)

0.00 (-0.01–0.01)

0.00 (-0.02–0.02)

0.00 (-0.02–0.02)

0.00 (-0.01–0.02)

11.77

13.44

27.97

20.02

26.80

100.00

Study
ID RD (95% CI) Weight (%)

-0.0732 0 0.0732

Figure 9. Forest plot on the assessment of deep infection.
RD: Rate difference.

Campbell et al. (2014)

Eickmann et al. (2010)

Gililland et al. (2012)

Overall (I-squared = 0.0%, p = 0.782)

0.97 (0.41–2.33)

2.93 (0.12–71.07)

0.84 (0.17–4.04)

1.01 (0.49–2.12)

72.10

3.74

24.16

100.00

Study
ID RR (95% CI) Weight (%)

0.0141 1 71.1

Figure 10. Forest plot on the assessment of arthrofibrosis.
RR: Relative risk.

and the total wound closure cost, which also corresponds to the results of Borzio et al. [40] and Meena et al. [41] The
total cost of wound closure estimates was based upon the hospital cost of suture resource and operating room time.
In the study of Stephens et al. [42] demonstrated that KBS was associated with 4 min less for the total time of closure
than KTS in TKA, Similar results appeared that KBS could reduce the total time of closure by 40% in the study
of Mansour et al. [43] Simultaneously, evaluation of the cost of operating room time was based on the average cost
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Campbell et al. (2014)

Eickmann et al. (2010)

Gililland et al. (2012)

Maheshwari et al. (2014)

Sah AP et al. (2015)

Smith et al. (2014)

Patel et al. (2012)

Overall (I-squared = 41.7%, p = 0.113)

0.03 (-0.00–0.06)

-0.01 (-0.06–0.04)

-0.00 (-0.03–0.03)

-0.01 (-0.05–0.02)

0.00 (-0.04–0.04)

0.13 (0.02–0.24)

-0.01 (-0.07–0.05)

0.00 (-0.02–0.03)

19.05

12.21

21.24

18.79

16.36

3.29

9.06

100.00

Study
ID RD (95% CI) Weight (%)

-0.241 0 0.241

Figure 11. Forest plot on the assessment of wound dehiscence.
RD: Rate difference.

Campbell et al. (2014)

Gililland et al. (2014)

Sah AP et al. (2015)

Chan et al. (2017)

Patel et al. (2012)

Rui et al. (2018)

Overall (I-squared = 33.7%, p = 0.183)

2.09 (0.81–5.38)

1.33 (0.36–4.87)

0.14 (0.01–2.70)

0.20 (0.02–1.63)

2.71 (0.26–28.70)

0.33 (0.01–7.93)

1.02 (0.57–1.84)

28.11

19.17

17.30

24.94

3.08

7.41

100.00

0.00757 1 132

Study
ID RR (95% CI) Weight (%)

Figure 12. Forest plot on the assessment of stitch abscess.
RR: Relative risk.

for material required and all of staff. The average cost of the operating room was USD 62/min (ranged from USD
22 to USD 133/min) in most hospitals of the USA [44]. Maheswari et al. [45] found that KBS was associated with
a lower total cost for suture than KTS ($66.78 vs $82.59). In studies published in the recently, several reasons for
shorter suture time and cost were outlined: barbed sutures could avoid a catastrophic failure of the entire length of
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Gililland et al. (2014)

Sah AP et al. (2015)

Malhotra et al. (2017)

Overall (I-squared = 55.8%, p = 0.104)

-0.02 (-0.04–0.00)

0.00 (-0.04–0.04)

-0.07 (-0.12– -0.01)

-0.02 (-0.06–0.01)

45.57

32.73

21.70

100.00

Note: Weights are from random effects analysis

Study
ID RD (95% CI) Weight (%)

-0.122 0 0.122

Figure 13. Forest plot on the assessment of needle sticks.
RD: Rate difference.

Gililland et al. (2014)

Sah AP et al. (2015)

Malhotra et al. (2017)

Overall (I-squared = 75.5%, p = 0.017)

26.56 (1.56–445.56)

0.14 (0.01–2.70)

23.59 (1.40–396.28)

4.58 (0.16–128.29)

33.56

32.89

33.55

100.00

Study
ID RR (95% CI) Weight (%)

0.00224 1 446

Figure 14. Forest plot on the assessment of suture breakage.
RR: Relative risk.

the suture by holding the suture by barbs in place, even if one site breaks; barbed sutures is self-anchoring without
any knots resulting in shorter suture time; although the materials of barbed closure are more expensive than those
for KTS, a lower surgery time leads to a lower total cost; less number of individual sutures were used for closure.
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As for other results, we found in KSS between KBS and KTS. Chan et al. [21] and Gililland et al. [36] both
demonstrated no difference was found in KSS linked to the KBS group versus KTS. However, the available
evidences are insufficient to draw a conclusion that the barbed sutures could have an increasing application in
arthroplasty surgery. Further studies are needed to determine the safety and effectiveness of the widespread use of
barbed suture in the multilayered closure of arthroplasty. Our study indicates that there is no obvious increase in the
rates of the wound complications, which is similar to other studies. Borzio et al. [40] reported no significant higher
rate of the wound complications in KBS group than KTS group by performing a meta-analysis. The same results
also were given in the studies by Gilliand et al. [30] and Ting et al. [27]. Theoretically, although uneven pressure
could appear on soft tissue owing to knots and result in ischemia, meanwhile adsorption of bulky knots may lead
to local tissue infection, KBS shows more uniform tissue tension to decrease local ischemia, thereby reducing risk
of wound complications. Unfortunately, there are some different viewpoints in recent literature. Campbell et al.
held an opinion that barbed sutures had a higher incidence in wound infectious complications because the barbs
could create nidi of infection. In addition, the recent articles found an interesting phenomenon that 12.5% barbed
sutures breakage during operation. The possible reasons could be explained that: presence of stress riser at the barb,
which weakens the suture causing it to break and the learning curve of freshman [23].

Our study also had several limitations. First, the studies included in our research were not all RCTs, including eight
RCTs, six non-RCTs which inevitably induced interviewer and recall bias. Second, the fact that individual patient
data were not used in our study is one limitation of our meta-analysis. A further limitation is that the eligible studies
varied in several aspects, including differences in study populations, basic comorbidities and treatment regimens.
More importantly, surgeries classified as KTS and KBS included different methods for wound closure (Table 3),
inducing significant heterogeneity in the total wound closure time and the total cost wound closure unavoidable.

Conclusion
The use of KBS in TKA is associated with significantly shortened wound closure times and total closure cost
without increased risk of intraoperative needle sticks and suture breakage and postoperative incision complications.
Given the relevant possible biases in our study, adequately powered and more RCTs with long-term follow-up are
needed to compare the efficacy and safety between KBS and KTS.

Summary points

• This study retrieved potential academic articles comparing the clinical outcomes between knee barbed sutures
(KBS) and knee traditional sutures (KTS) in total knee arthroplasty (TKA). A total of fourteen articles (eight RCTs,
six- non-RCTs) were involved in our study.

• The overall participants of barbed sutures group were 1255, whereas it was 1247 in the traditional sutures.

• Our meta-analysis shows that KBS is preferable for wound closure of TKA as its shorter lower total cost (Weighted
mean difference [WMD] = -276.281,95% CI = -480.281 to -72.280; p = 0.008) and wound closure time
(WMD = -4.895,95% CI = -6.105 to -3.685; p < 0.001).

• However, there was no difference in any complications (p = 0.572), wound complications (p = 0.550), superficial
infection (p = 0.918), deep infection (p = 0.654), wound dehiscence (p = 0.649), suture abscess (p = 0.939),
arthrofibrosis (p = 0.970), needle sticks (p = 0.158), suture breakage (p = 0.371) and knee society scores (p = 0.073).
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