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Background: The use of barbed suture in total knee arthroplasty (TKA) remains controversial. We performed a prospective
study to investigate the clinical outcomes of bidirectional barbed suture for incision closure in TKA.
Material/Methods: We conducted a single-center, randomized controlled trial to determine the efficiency and safety of barbed
suture in TKA at our institution between December 2017 and April 2019. Eligible patients were randomly as-
signed to different suture methods for skin closure. Randomization was conducted via computerized random-
ization list. Our primary endpoint was the incidence of wound complications within 3 months of surgery. This
trial was registered at ClinicalTrials.gov, number ChiCTR-IPR-17013677.
Results: A total of 582 patients were enrolled, consisting of 193 who received full-layer barbed suture (group A), 195
who received barbed suturing of the joint capsule (group B), and 194 who received suturing of the joint cap-
sule by traditional absorbable suture (group C). The incidence of incision complications in group A (19.7%)
was significantly higher than that in group B (7.2%) and C (9.3%) (P<0.0125). The incidence rate for incision
complications in group B was similar to that in group C (P>0.0125). The time for incision closure in groups A
(13.5+2.0 min) and B (16.1+1.9 min) was significantly shorter than that in group C (25.0+2.0 min) (P<0.001).
Conclusions: The use of full-thickness bidirectional barbed suture for incision closure after TKA may increase postoperative
incision complications, and therefore is not recommended. However, the use of barbed suture for the joint cap-
sule has shown effectiveness, reducing suture time with no increase in incision complications.
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Background

Meticulous wound closure is the integral and final step of a
successful total knee arthroplasty (TKA). However, its impor-
tance is often overlooked. Improper suturing methods may
lead to wound-healing problems that could increase the risk
of infection. Operative time is a risk factor for postoperative
infection, with a 9% increased risk per 15 min increment [1].

The use of knotless, barbed sutures to close the incision and
facilitate rapid closure and soft-tissue repair in abdominoplasty
and plastic surgery is recommended, as they reduce postop-
erative incision complications and decrease surgery time in
these contexts [2,3]. However, in TKA and unicompartmental
knee arthroplasty (UKA), barbed sutures can increase post-
operative incision complications, including effusion, super-
ficial infection, deep infection, dehiscence, and skin necro-
sis [4,5]. Previous studies have used barbed sutures to suture
the joint capsule, as well as subcutaneous and intracutaneous
tissues, without skin staples to strengthen the suture. The re-
sults of these studies indicate that the cutting action gener-
ated by barbed suture displacement may cut the skin during
knee joint motion. This phenomenon would serve to increase
problems with incision healing. To explore the advantages of
barbed sutures with improved surgical outcomes, we tested
a method of using sutures for the joint capsule and subcuta-
neous tissues while utilizing staples for the skin.

We hypothesized that the use of bidirectional barbed sutures
for the joint capsule, traditional absorbable sutures for sub-
cutaneous tissues, and staples for skin closure would reduce
TKA operation time without increasing the incidence of inci-
sion healing, compared with the use of full-layer barbed su-
tures (joint capsule, subcutaneous, and intracutaneous tissues
sutured by barbed sutures) or traditional absorbable suture
(joint capsule and subcutaneous tissues sutured by absorb-
able sutures, staples used for skin closure).

Material and Methods

Study design and participants

A single-center, randomized controlled trial was conducted to
compared the new method with two different wound closure
techniques in unilateral primary TKA. The protocol can be ac-
cessed in the Chinese Clinical Trial Registry. Acquired informed
consent can be viewed in the supplemental content. These pro-
cedures comply with the regulations of the Affiliated Hospital
of Xuzhou Medical University. Our research complies with the
ethical standards of the National Research Council and the 1964
Helsinki Declaration. This study was approved by our institu-
tional review board (XYFY2017-JS004-05). All patients provided
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informed consent. Our work has been reported in line with
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines. This study is registered at ClinicalTrials.gov, number ChiCTR-
IPR-17013677. Figure 1 shows the CONSORT flow diagram.

The inclusion criteria were as follows: (1) patients with knee-
joint degenerative arthritis, (2) patients approved for an initial
unilateral joint replacement, and (3) patients able to receive
surgery performed by a highly qualified operator. The exclu-
sion criteria included the following: (1) patients with neurovas-
cular diseases of the affected limbs, (2) patients with a histo-
ry of surgery at the operative site, and (3) patients with body
mass index (BMI) >30 kg/m?2.

Randomization and masking

Based on the selection and exclusion criteria, from December
2017 to January 2019, we prospectively collected clinical data
for 600 patients treated with primary total knee arthroplasty.
This number reflected the expected number of registrations
and exits in our region. Each participant was randomized by
lot [1: 1: 1] to one of three suture methods using a concealed
block size of 6. The random list was generated by computer.
The random envelope method was adopted for grouping con-
cealment. Each grouping scheme was placed into an enve-
lope according to the coding order, and the coding was writ-
ten on the outside of the envelope, which was saved by the
researcher. Before the incision was closed, the nurse selected a
random envelope which provided the suture method. The sur-
geons, nurses, and all other team members were not blinded
to the three groups. The Orthopedic Data Center was respon-
sible for treatment allocation and statistical analysis under the
supervision of a competent statistician and all analysts were
masked to treatment allocation.

Procedures
Surgical procedure

All patients were supine on the operating table and under gen-
eral anesthesia. A tourniquet was used at the base of the thigh
during surgery. We used a median incision in the knee joint
that extended medially to the side of the patella. A posterior-
stabilizing bone cement prosthesis was implanted in all pa-
tients using the same joint replacement technique. While the
incision was sutured, the knee joint was bent at 45°. A drain-
age tube was placed in the incision.

Group A: the joint capsule (Stratafix1-0), subcutaneous tis-
sues (Stratafix2-0), and intracutaneous tissues (Stratafix3-0)
were sutured using a bi-directional barbed suture. At the end,
an extra 4-5 stitches were made to avoid detachment and in-
cision rupture.
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Assessed for eligibilityn=600 TKA
(600 patients)

Enroliment

Excluded (n=11)

« Not meeting inclusion criteria (n=0)
« Declined to partcicipate (n=0)

« Intraoperative wrong suture (n=11)

Randomized (n=589)

T ¢

A group (joint capsule, subcutaneous B group (joint capsule by barbed sutures,
tissues sutured by barbed sutures) subcutaneous tissues by absorbable sutures, tissue by absorbable sutures,skin closure
n=197 skin closure by staples) by stales)
n=196 n=196

Follow-up
y

Lost to follow-up (n=4)
Discontinued intervention (n=0)

Analysed (n=193)
« Excluded from analysis (n=0)

Cgroup (joint capsule and subcutaneous

Lost to follow-up (n=1)
Discontinued intervention (n=0)

Lost to follow-up (n=2)
Discontinued intervention (n=0)

Analysed (n=195)
« Excluded from analysis (n=0)

Analysed (n=194)
« Excluded from analysis (n=0)

Figure 1. Flow chart of the analysis. After exclusions, a total of 582 patients were followed up.

Group B: the joint capsule was sutured by bi-directional barbed
suture (Stratafix1-0) and subcutaneously sutured using a tra-
ditional absorbable suture (Ethicon VICRYL* Plus 2-0). The skin
was sutured by staples.

Group C: the joint capsule was sutured by a traditional absorb-
able suture (Ethicon VICRYL* Plus 1-0), and the subcutaneous
tissue was sutured by an absorbable suture (Ethicon VICRYL*
Plus 2-0). The skin was sutured by staples.

A mixture of tranexamic acid solution (tranexamic acid 1.5 g
in 50 ml of normal saline) was poured into the articular cavity
from the drainage tube after the joint capsule was sutured.
The joint was then bent and stretched to check for suture close-
ness. If the liquid outflowed, then intermittent sutures were
made at the exudation site. The tourniquet was released af-
ter the incision suture and bandaging.

Postoperative treatment

All patients underwent the same postoperative management.
Patients received a single intravenous (IV) dose of prophy-
lactic antibiotics before the operation and 24 h after surgery.
The standard dose was 2 g dicloxacillin or 1.5 g cefuroxime, de-
pending on the patient’s allergy status. The drainage tube was
removed 48 h after the operation. Active and passive function-
al exercise was performed after removal of the drainage tube.
Hemoglobin and other blood laboratory tests were conducted

3 days after the operation. Low molecular weight heparin was
injected subcutaneously. The dressing was changed every 2
days under strict sterile conditions during the inpatient stay.
Superficial infection was defined in accordance with CDC cri-
teria for superficial incisional surgical site infection [6]. A di-
agnosis of deep infection was based on the MSIS criteria and
required operative management and/or IV antibiotics in our
cohorts [7]. The patients diagnosed with deep infection and
skin margin necrosis were successfully treated with debride-
ment of devitalized tissue, extensive washout, wound vac-
uum-assisted closure (VAC) therapy and required operative
management, 6 weeks of IV antibiotics, and 6 months of oral
antibiotic therapy. Superficial infections were all successfully
treated with oral antibiotics. We defined hematoma as a pal-
pable mass in the knee cavity requiring surgical removal or de-
compression [8]. Hematoma was successfully treated with oral
antibiotics, wound VAC, and surgical intervention.

Data collection

Preoperative and postoperative clinical data were evaluated by
an independent senior surgeon blinded to the patient’s ran-
domization. Incision length, suture time, operation time, hos-
pital stay length, and incision complications (such as effu-
sion, infection, hematoma, and skin necrosis) were recorded.
Knee Society Scores (KSS) were collected preoperatively and
3 months postoperatively. No changes were made to trial pro-
tocols after the trial commenced.
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Table 1. Patient demographics of three groups.

A group B group C group P
Gender 0.809

"""" Mae 53 Q75%) 49 (51%) 54 (78%)
"""" Female 140 (25%) 146 (749%) 140 (722%)
CAge(yeas) 64887  660:92  650:87 0309
CBMIGgm) 24127 24429 240827 0500
 Preoperative hemoglobin (g/l) 1339593 1351297 1338683 0280
Preoperative albumin @) 39517 396:17  394xl4 0395
Diabetes noG% 13 67% 12 (62% 0925
Renalinsufficeny 1 (©05% 1 (05 2 (o% 0812
Immune dysfunction 1 (©05%) o 1 (5% 0602
CSsmoking 37 (192%) 34 (174%) 41 QL1% 0636
* Welch’s ANOVA.

Table 2. Knee Society scores.

Knee Society score components A group B group C group F P
Preoperative clinical score 50.3+3.6 49.5+7.8 50.1+4.8 0.749 0.474

 Preoperative functional score  65.1+47 495478 65246 0289 0749
Preoperative total 1153156 1143293 1153565 o881 0415
 Postoperative clinical score  87.6:61 872449  87.0s61 0558 0573
Postoperative functional score  787:3.1  783:7.4  789+42 0416 0660
Postoperative total 1664:68 1667:10.1 1659477 0421 0656
Totalscore improvement 510:87 523:141 505499 1033 0357

Statistical analysis

Data processing was performed using SPSS 22.0 statistical soft-
ware, and data were expressed as mean + standard deviation
(x#s). Data were compared between groups using the follow-
ing analyses: Quantitative data were compared using analy-
sis of variance and nonparametric analysis. Qualitative data
were compared using the chi-square test. Data quantification
was assessed with the L-S-D test (if the variance is not equal,
the corrected Welch’s ANOVA is adopted). Enumeration data
were assessed for significance with the chi-square test (=0.05).
P<0.05 indicated statistical significance. Chi-square test for
pairwise comparison: corrected inspection level o’'=0.0125.

Results

A total of 600 patients (600 TKAs) were invited to take part
in this research. Eleven patients were excluded because of an
intraoperative wrong suture being used. Seven patients were

lost to follow-up. Finally, 582 knees were included for analysis.
A total of 193 TKAs were assigned to group A, 195 to group B,
and 194 to group C. Figure 1 shows the CONSORT flow diagram.

Group A was composed of 53 males and 140 females,
aged 64.8+8.7 years on average, with an average BMI of
24.1+2.7 kg/m?. Preoperative hemoglobin was 133.949.3 g/L,
and plasma albumin was 39.5+1.7 g/L.

Group B was composed of 49 males and 146 females, 66.0+9.2
years on average, with an average BMI of 24.4+2.9 kg/m?.
Preoperative hemoglobin was 135.1+9.7 g/L, and plasma al-
bumin was 39.6+1.7 g/L.

Group C was composed of 54 males and 140 females,
aged 65.0+£8.7 years on average, with an average BMI of
24.0+2.7 kg/m?. Preoperative hemoglobin was 133.8+8.3 g/L,
and plasma albumin was 39.4+1.4 g/L.
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Table 3. Clinical outcomes of three groups.

CLINICAL RESEARCH

crounillcers Lt.en.gth of Sutur(-:‘ time Suture s!)eed Operati?n time Postopel:ative Postopferative hospital stays
Incision (cm) (min) (cm/min) (min) hemoglobin(g/L) albumin(g/L) (days)

A 193 19.8+1.9 13.542.0 1.4+0.2 70.0+4.3 101.0+6.1 30.9+2.1 7.21+£2.0
""" B 195 197416  161x19  12:01  782t47 100048  308£20 7018
""" C 194 198:17 250820  07:01  87.1s50 1004450  309¢19  68+15
""" P 0633 <0001 <0001 <0001 0128 073 0058

Hemoglobin and Albumin was tested at 3 days after operation.

Table 4. Complicatio ns of three groups.

Group  Number Effusion Blisters Hematoma
A 193 7 (3.6%) 2 (1.0%) 5 (2.6%)
B 195 2 (1.0%) 2 (1.0%) 3 (1.5%)
C 194 3 (1.5%) 1 (0.5%) 4 (2.1%)
P 0.163 0.817 0.767

Skin margin Superficial Deep Complication
necrosis Infection infection rate
1 (0.5%) 19 (9.8%) 4 (2.1%) 19.7%
""""" o 661 105 7%
""""" o 8@ 200%  93%
"""""" 034 0008 0357 0001

Table 5. Comparison of results.

A group vs. B group

A group vs. C group B group vs. C group

Length of incision 0.462
Csutuetime P00l
Suturespeed P00l
Operationtime P00l
Postoperative abbumin@g/) 0468
 Postoperative hemoglobin(g/l) 018"
superficialinfection 00074
Complicationrate  Pc0.001*
Postoperative clinical 0446
Postoperative functional 0861
Postoperative total 0975*

0.7875 0.371
~ pwo0l P00l
oot P00l
~ pwo0l P00l
""""""""""""" oot o0s%®
""""""""""""" 073 o619
""""""""""""" 0022 os;e
""""""""""""" 0006~ o34~
""""""""""""" 0oes0* o9
""""""""""""" 0970  o7ar
""""""""""""" os78* o3

* Tambane’s T2; ** chi-square test, corrected inspection level o’=0.0125, The differences were statistically significant when P<0.0125.

No statistically significant differences were observed between
the three groups in the preoperative general data, including
gender, age, BMI, preoperative hemoglobin, preoperative plas-
ma albumin, or KSS (P>0.05, Table 1). The patients’ details are
shown in Table 1.

Preoperative and postoperative (3 months) KSS were com-
pared for the three groups (Table 2). No differences were ob-
served between the groups for preoperative or postoperative
clinical and functional knee scores (P>0.05).
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Tables 3 and 4 show the clinical outcomes and complications,
respectively, in the three groups. The operation times for group A
(70.0+4.3 min) and group B (78.2+4.7 min) were significantly
less than that for group C (87.1+5.0 min) (P<0.001, Tables 3, 5).
The suture speed improved significantly after application of the
barbed suture in groups A and B. This difference was statistically
significant (P<0.001, Tables 3, 5). No statistically significant differ-
ences were observed in the hemoglobin and plasma albumin lev-
els among the three groups 3 days after surgery (P>0.05). There
was no statistical difference in length of hospital stay (P>0.05).
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Significant differences were noted in the incidence rate of
complications between the three groups (P<0.001, Table 4).
The rate (19.7%) of complications in group A was higher than
those in groups B (7.2%) and C (9.3%). Multiple comparisons
showed statistically significant differences (P<0.0125; Table 5).
However, no statistically significant differences in the rate of
complications were observed between groups B and C (P=0.347;
Table 5). Significant differences were observed in superficial in-
fection between the three groups (P=0.008; Table 4). Nineteen
patients experienced superficial infection in group A (9.8%).
This number was higher than that in group B (six patients with
superficial infection, 3.1%) and group C (eight patients, 4.1%).
Thus, the results of multiple comparisons showed statistically
significant differences between group A and groups B in super-
ficial infection (P<0.0125; Table 5). No differences were found
in the incidence rate of other complications, such as effusion,
blisters, hematoma, skin edge necrosis, or deep infections,
among the three groups (P>0.05; Table 4).

Discussion

The TKA wound is traditionally sutured by intermittent knots
using common sutures. However, the knotting is time con-
suming. Improper suturing may lead to iatrogenic damage and
other complications. The pressure of the knotted sutures may
be uneven, leading to tissue ischemia. The absorption of large
knots may lead to severe local tissue inflammation and po-
tential infectious lesions. TKA offers a high postoperative sur-
vival rate and desirable long-term efficacy. However, the high-
est rates of surgery for the treatment of postoperative wound
problems are related to wound infection (21.9%), wound he-
matoma (13.9%), and wound necrosis (14.3%) [9]. Galat [10]
noted that wound complications are inextricably linked to long-
term sequelae of TKA. After 5 years, the risks of deep prosthet-
ic infection or infection requiring an additional major surgical
treatment reach 6.0% and 5.3%, respectively. Therefore, effec-
tive and safe closure of incisions is critical to increase surgi-
cal efficiency and prevent infections in patients. With ongoing
developments in material biology, progress has been achieved
in the improved design of sutures. Barbed sutures have tiny
barbs that are uniformly distributed on the surface. This nov-
el suturing device with a self-anchorage system can maintain
tissue tension and requires no knotting after the sutures are
strained [11,12]. Additionally, no retraction occurs in the su-
tures following suturing [11,13]. Thus, this approach has been
recently introduced for orthopedics.

This analysis showed no significant differences in the incidence
rate of complications between the joint capsule barbed suture
group (group B, 7.2%) and the traditional absorbable suture
group (group C, 9.3%). These numbers are consistent with pre-
vious reports by Ting [14] and Gililland [15,16] on the incidence
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rate of complications in the deep joint capsule tissue caused
by barbed sutures. Thus, the incidence rate of complications
caused by barbed sutures is not higher than that caused by
absorbable sutures for the suturing of the joint capsule and
the retinaculum layer. In addition, the suturing tension of the
barbed sutures can meet the requirements for postopera-
tive joint functional exercise [15]. However, Campbell [4] and
Patel [17] reported that the use of barbed sutures increases
the incidence rate of complications when used for subcuta-
neous tissue and fascia. Our research results were consistent
with this trend. Nineteen patients had superficial infections in
the full-layer barbed suture group (group A, 9.8%). This num-
ber was higher than those in the joint capsule barbed suture
group (six patients, 3.1%) and the traditional absorbable su-
ture group (nine patients, 4.1%).These differences may indi-
cate that the increase in superficial infections was associated
with the suturing of the intracutaneous and subcutaneous tis-
sue using barbed sutures. To explain this situation, Smith [18]
and Williams [19] reported that this phenomenon is common
during the period of the initial “learning curve” of new phy-
sicians. The barbed suture is excessively tight with a high
tension, possibly leading to avascular necrosis of the tissue.
Therefore, some scholars [20] have proposed that barbed su-
tures should not be used to suture the skin and the subcuta-
neous tissue under high tension following TKA. The skin edg-
es should match, and the vertical mattress pattern suture may
be utilized to reduce complications, such as postoperative skin
edge necrosis. Thread residues could be left on the body sur-
face when barbed sutures are used to suture such regions as
the intracutaneous region. These thread residues may facili-
tate the growth of bacteria, leading to infection [21,22]. It has
been observed that a large range of motion of the knee joint
is possible during rehabilitation following TKA. The cutting ac-
tion generated by barbed suture displacement may increase
the risk of wound infection and is common in UKA [5]. Some
other scholars [13,22-24] have also proposed that the design
of the barbed suture can easily lead to infections if the barbs
can trap fiber from the towel and gauze and increase the sur-
face of the sutures. Hence, bacteria can accumulate substan-
tially under the barbs. However, this mechanism has not been
analyzed in vivo.

The incidence rate of postoperative complications in the pa-
tients that received the barbed sutures only for the joint capsule
(group B) was lower than that in the full-layer barbed suture
group (group A). Group B also exhibited efficiency, safety, and
effectiveness throughout the procedure. The suture times for
the full-layer barbed suture group (group A) (13.5+2.0 min) and
joint capsule-only barbed suture group (group B) (16.1+1.9 min)
were shorter than that for the traditional absorbable suture
group (group C) (25.0+2.0 min). This phenomenon could lead
to a difference in the operation time among the three groups,
with a result of 7-12 min less operation time in the barbed
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suture groups. Namba [1] reported that the decrease in sur-
gery time reduces the risk of infection following total knee
replacement. A TKA surgery time of more than 210 min sig-
nificantly increases the risk of infection compared with sur-
gery lasting less than 120 min, and the risk of infection at the
deep operation site increases by 9% for each extension of op-
eration time by 15 min (95% confidence interval, 4-13%) [1].
Peersman et al. [25] also evaluated the relationship between
the duration of surgery and postoperative infections and found
that 127 min is the critical duration for prediction of prosthe-
sis infection following total knee joint replacement. Long TKA
surgery duration would also prolong the time that the tourni-
quet is used and increase the intraoperative dominant blood
loss, inevitably reducing blood circulation in the lower limbs.
Prolonged reduced blood circulation can promote local isch-
emia and anoxia of the knee joints, necrosis of adipocytes, de-
clined immunity of the skin and subcutaneous tissues, inhibi-
tion of wound healing, and additional complications, such as
fat liquefaction and sterile exudation [26,27]. The application
of barbed sutures allows rapid closure of incisions, thus help-
ing to decrease operation time, intraoperative dominant blood
loss, and infection risk at the operation site [15,18].

This study also has some limitations. First, the use of bidirec-
tional barbed sutures was only assessed for TKA. Therefore, we
cannot assume that the complications associated with barbed
suture in TKA are similar to those in other plastic surgeries.
Second, this study excluded obese patients with BMI values
higher than 30 kg/m? because this condition can increase in-
cision complications [28,29]. Third, although the conclusions
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should be theoretically credible because the clinical data were
collected in a prospective manner with a large number of cases,
the follow-up duration was relatively short. Thus, we cannot
conclude whether this technique will achieve reliable long-term
results. Fourth, this study did not compare the cost of differ-
ent suture methods. Barbed suture costs more than tradition-
al absorbable suture. However, with the support of domestic
health insurance policies, patients may pay only half of the
cost or even less. Therefore, the cost for patients who use dif-
ferent suture methods is approximately the same.

Conclusions

We do not recommend the use of full-thickness barbed sutures
for primary TKA. Although these barbed sutures can shorten
the suture time, they can increase postoperative incision com-
plications. However, the use of bidirectional barbed suture for
the joint capsule has shown effectiveness, reducing the suture
time with no increase in incision complications.
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