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The risk of surgical site infections (SSIs) after total knee arthroplasty (TKA) can never be eliminated. Antimicrobial sutures
containing triclosan have beenused to decrease SSIs, butwhether triclosan-coated sutures are effectivewithTKA is unclear. Between
2011 and 2012, 102 patients randomly assigned to a triclosan or a control group were prospectively assessed. The incidence of SSI
within 3months of surgery, length of hospital stay, pain scale, functional scores, wound condition, and serum inflammatorymarkers
during hospitalization and within 3 months postoperatively were compared. At the final follow-up, there were 2 patients with
superficial infections (3.9%) in the control group but none in the triclosan group. Lower serum IL-6 was detected in the triclosan
group at 4 weeks and 3 months.The local skin temperature of the knees—recorded at 3 months using infrared thermography—was
lower in the triclosan group than in the control group. More precise analytical measurements are needed to investigate local and
systemic complications, especially in the early subclinical stage. This prospective, randomized, open-label clinical trial is in the
public registry: ClinicalTrials.gov (NCT02533492).

1. Introduction

The risk of complications after total knee arthroplasty (TKA)
can never be eliminated because of the risk of surgical
site infections (SSIs) [1]. Although the reported incidence
of a periprosthetic joint infection (PJI) after TKA is only
about 1–3% [1–4], complications such as prolonged wound
drainage are associated with a 17–50% incidence of SSI after
arthroplasty [5–8].

PJI has devastating effects on patients and healthcare
systems. When a PJI is established, it typically requires
removal of the prosthesis, extensive debridement, prolonged
antibiotic treatment, and reimplantation. However, the rein-
fection rate associated with reimplantation for a PJI is sig-
nificantly higher than for those without infections, and this,

in turn, is associated with a longer hospital stay, increased
risk of comorbidities, and a major economic burden [9–12].
Measures to reduce the incidence of infections are extensively
implemented in clinical practice [13]. Triclosan is an antibac-
terial and antifungal agent that has been widely used in
humans for more than 30 years [14]. Triclosan-coated sutures
reduce wound complications related to bacterial infections
in animal studies and in abdominal, gastrointestinal, and
coronary bypass surgery [15–22]. However, its efficacy in
preventing post-TKA infections has not been previously
investigated.

In this prospective randomized double-blind study, we
investigated whether triclosan-coated sutures prevent SSIs
after TKA surgery by lowering the risk of local bacterial
infection. The primary outcome measure was the incidence

Hindawi
BioMed Research International
Volume 2018, Article ID 9136208, 9 pages
https://doi.org/10.1155/2018/9136208

http://orcid.org/0000-0001-5394-5348
http://orcid.org/0000-0002-8736-6122
https://clinicaltrials.gov/ct2/show/NCT02533492
https://doi.org/10.1155/2018/9136208


2 BioMed Research International

Allocation 102

Analysis

Follow-up 102

Enrollment 112
Assessed for eligibility (n = 112)

Randomized (n = 102)

Allocated to intervention (n = 51)
(i) Received allocated intervention (n = 51)
(ii) Did not receive allocated intervention (give

reasons) (n = 0)

Allocated to intervention (n = 51)
(i) Received allocated intervention (n = 51)
(ii) Did not receive allocated intervention (give

reasons) (n = 0)

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

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

Excluded (n = 10)
(i) Not meeting inclusion criteria (n = 10)

Analyzed (n = 51)
(i) Excluded from analysis (give reasons) (n = 0)

Analyzed (n = 51)
(i) Excluded from analysis (give reasons) (n = 0)

Figure 1: Overview of study design in CONSORT 2010 flow diagram.

of SSIs, and the secondary outcome measures were inflam-
matory markers (CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; IL-6: interleukin 6), local wound tem-
perature and conditions, and functional scores at given in-
hospital and postoperative time points.

2. Materials and Methods

2.1. Study Design. This prospective double-blind randomized
controlled trial is registered at ClinicalTrials.gov
(NCT02533492). The Institutional Review Board of Chang
Gung Memorial Hospital approved the study protocol (IRB:
101-0352C). All study participants provided written informed
consent.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were men and women aged 55–85, diagnosed with degen-
erative osteoarthritis of the knee, and not having previously
undergone surgery to the index knee. Patients with inflam-
matory arthritis—rheumatoid arthritis, ankylosing spondyli-
tis, infectious arthritis, systemic lupus erythematosus, and
psoriatic arthritis—were excluded. Other exclusion criteria
were a history of cancer within 5 years before the initial
study screening, osteogenesis imperfecta, Paget’s disease,
neurovascular disease of the lower extremities, liver cirrhosis,
an aspartate aminotransferase or alanine aminotransferase
level more than twice the maximum normal value at screen-
ing, coagulopathy, serum creatinine lower than 35ml/min at

screening, having undergone hemodialysis for renal failure,
peripheral arterial occlusive disease, a preoperative interna-
tional normalized ratio over 1.5 at screening, an American
Society of Anesthesiologists physical classification system
score over 3, or an immunocompromised condition.

Between June 2011 andMay 2012, we screened 112 patients
scheduled for a unilateral TKA at Chang Gung Memorial
Hospital: 102 eligible patients were enrolled and randomly
assigned to one of two equal groups of 51 (Figure 1). Group
sample sizes of 51 and 51 provided 81% power to detect a
difference of 4% between the null hypothesis (that both group
means would be 9.0) and the alternative hypothesis (that the
meanwould be 13.0 with estimated group standard deviations
[SDs] of 6.0 and 8.0). Significance (𝛼) was set at 0.05 using a
two-sided two-sample t-test.

One hundred two sets of suture materials (51 sets of
triclosan-coated polyglactin sutures [Vicryl Plus, Ethicon,
Johnson and JohnsonMedical] and 51 sets of plain polyglactin
sutures) were placed into 102 separate sealed envelopes
consecutively numbered from 1 to 102 based on the ran-
domization protocol and then randomly given to the eligible
patients for wound closure. During the study, the allocation
of these suture materials was blinded to the patients, the
clinical staff, the operating surgeons, and the independent
study nurse who prospectively collected all perioperative
information and outcome measures. Only the circulating
nurse who opened the envelopes and the scrub nurse who

https://clinicaltrials.gov/ct2/show/NCT02533492
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handled the suture materials were not blinded, but they were
not involved in evaluating the study.

2.3. Total Knee Arthroplasty. All TKA surgery used the stan-
dard medial parapatellar technique and the standard clinical
pathway. Cemented knee prostheses (NexGenLPS-Flex Fixed
Bearing Knee; Zimmer, Warsaw, IN) were implanted in all
patients, and all patellae were resurfaced. Wound closure was
done in three layers after insertion of a closed Hemovac
drainage tube. The arthrotomy, fascial layer, and subcuta-
neous wound were closed using triclosan-coated polyglactin
sutures in the triclosan group and plain polyglactin sutures
in the control group. The outermost skin edge was stapled to
facilitate postoperative wound assessment.

All patients were given systemic antibacterial prophylaxis
(cefazolin: 1 g if body weight was <80 kg; 2 g if body weight
was >80 kg) 30 to 60 minutes before the skin incision.
Postoperatively, each patient was given 3 intravenous doses of
cefazolin at 8-hour intervals.Thewounds were photographed
and assessed by the study nurse and surgeons who were
blinded to and independent of the study.

2.4. Assessments. An experienced clinician, blinded to group
assignment and patients’ demographic data, performed all
radiographic and clinical assessments.

The demographic characteristics and perioperative labo-
ratory data of the patients were prospectively collected and
registered in a database. Samples for preoperative laboratory
analysis (hemoglobin, white blood cell count, platelet count,
and serum creatinine) were collected on the day before
surgery and analyzed using standard clinicalmethods. Preop-
eratively, skin condition (surface temperature, digital photo,
and image analysis) (ATIR-M301 Infrared Thermal Imaging
System, Associated Technology Corporation, Chongqing,
Sichuan, PROC), inflammatory markers (CRP, ESR, and IL-
6), functional scores (knee range of motion) (KSS: Knee
Society Score; SF-12: Short Form 12), and pain (Visual
Analogue Scale [VAS]) were assessed and recorded.

On the 1st and 3rd postoperative day during hospi-
talization, skin condition, functional scores, inflammatory
markers, and pain were evaluated. The surgical wounds were
photographed and assessed by the study nurse and surgeons
who were blinded to and independent of the study.

At 2 weeks, 4 weeks, and 3 months after surgery, skin
condition, functional scores, inflammatorymarkers, and pain
were assessed and recorded (Figure 2). An additional wound
image and temperature record were performed at postopera-
tive 6 months. This is a relatively noninvasive assessment for
inflammation analysis.

The primary outcome measure was the incidence of
SSI within 3 months of surgery. The secondary outcome
measures included length of hospital stay, pain level, func-
tional scores, wound condition (wound drainage, extent of
erythema, local heat, and skin surface temperature), and
inflammatory markers during hospitalization and within 3
months postoperatively.

2.5. Statistical Analysis. An independent statistician analyzed
all data. Continuous variables are presented as means and

standard deviations (SDs) and categorical data as percentages
and proportions. Differences between groups were analyzed
using the independent 𝑡-test for continuous variables, and 𝜒2
and Fisher’s exact tests for categorical variables. For all tests,
significance was set at 𝑝 < 0.05 (two-tailed). SPSS 17.0 (SPSS
Inc., Chicago, IL) was used for all data analyses.

3. Results

We analyzed the data from 102 patients: 26 men; 76 women;
mean age: 70.7±7.4 years (Table 1).There were no significant
differences in demographic data between the triclosan and
control groups. The triclosan group contained 15 men and 36
women (mean age: 71.3 ± 7.7 years), and the control group
contained 11 men and 40 women (mean age: 70.0±7.1 years).
The surgical durationwas significantly shorter in the triclosan
group (125 ± 24minutes versus 136 ± 34minutes, 𝑝 = 0.046)
(Table 2). There were no significant differences in the length
of the incision, blood loss, or 3-month postoperative wound
complication rates between the two groups.

Inflammatory markers were compared in both groups 6
times: preoperative day 0; postoperative days 1 and 3; weeks 2
and 4;month 3.There was a significantly lower level of IL-6 in
the triclosan group than in the control group between week
4 (𝑝 < 0.001) and month 3 (𝑝 = 0.05) (Figures 3–5). VAS,
KSS, and SF-12 scores were not significantly different except
on postoperative day 1, when the VAS score of the triclosan
group was higher than that of the control group (8.6 versus
8.1,𝑝 = 0.017) (Table 3).The knee skin surface temperature in
both groups was compared 6 times. There were significantly
lower surface temperatures in the triclosan group than in
the control group in postoperative month 3 (𝑝 = 0.022)
(Figure 6).

There were 2 cases of superficial surgical site infections
(SSIs) in the control group (Table 2). Wound cultures showed
that case 1 was positive for Klebsiella pneumoniae and case
2 was negative. Both cases were managed with parenteral
antibiotics for 1 week (oxacillin and gentamicin for case
1; cefazolin for case 2) and then with oral antibiotics at
home for another week. Both cases resolved without further
complications. The infection rate was 0% in the triclosan
group and 3.9% in the control group (𝑝 = 0.495). No deep
SSIs were found in either group.

4. Discussion

We analyzed the efficacy of triclosan-coated sutures for
reducing SSIs and preventing deep PJIs after TKA by rig-
orously evaluating wounds, measuring inflammatory mark-
ers, monitoring skin temperature, and assessing functional
outcomes. However, because there were only two superficial
SSIs in the control group and none in the triclosan group, we
were unable to arrive at any conclusions about their protective
efficacy against SSIs.

Some studies [23–25] have reported significantly lower
wound complication rates with triclosan-coated sutures than
with conventional sutures in digestive tract surgery, open
vein harvesting of coronary artery bypass surgery, colorec-
tal surgery, and hepatobiliary surgery. Hoshino et al. [26]
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Triclosan group
Preparation standardization
Anesthesia: G/A or S/A
Wound closure: Vicryl Plus,
Ethicon, Johnson and Johnson,
Taipei, Taiwan

Control group
Preparation standardization
Anesthesia: G/A or S/A
Wound closure: Vicryl,
Ethicon, Johnson and Johnson,
Taipei, Taiwan 

Perioperative evaluation
Operative time
Blood loss, wound length
Patient condition monitoring

Post-OP evaluation, D1/2/3 
(during hospitalization)

Pain scale VAS & ROM (daily course, since day 1)
Analgesic use (extra dose)
Blood loss amount (daily course)
Serum test (CRP/ESR/IL-6) (D1/3)
Image record wound condition (D2/3/4)

Post-OP evaluation, 2 weeks 
Pain scale VAS; KSS; SF-12
Serum test (CRP/ESR/IL-6) (W2)
Image record wound condition
Wound temperature record (W2)

Pain scale VAS; KSS; SF-12
Serum test (CRP/ESR/IL-6) (W4)
Image record wound condition
Wound temperature record (W4)

Pain scale VAS; KSS; SF-12
Serum test (CRP/ESR/IL-6) (M3)
Image record wound condition
Wound temperature record (M3)

Post-OP evaluation, 4 weeks 

Post-OP evaluation, 3 months

Image record wound condition
Wound temperature record (M6)

Post-OP evaluation, 6 months 

Figure 2: Follow-up protocol.

Table 1: Patient demographic characteristics.

Characteristic Overall Triclosan group Control group p†
(𝑛 = 102) (𝑛 = 51) (𝑛 = 51)

Gender (female) 76 36 40
Age (years) (mean ± SD) 70.7 ± 7.4 71.3 ± 7.7 70.0 ± 7.1 0.372
Weight (kg) (mean ± SD) 67.6 ± 10.7 69.4 ± 11.5 65.9 ± 9.7 0.151
Height (cm) (mean ± SD) 154.1 ± 8.5 155.4 ± 7.7 153.0 ± 9.0 0.105
Surgery site: (left knee) 47 22 25 0.883‡

SD: standard deviation; †independent �푡-test, unless otherwise stated; ‡Pearson �휒2 test.

reported a lower incidence of SSIs in Class II (clean-
contaminated) surgical wounds closed with triclosan-coated
sutures. Other studies [27–29], however, have reported com-
parable wound complication rates in head and neck surgery
and general pediatric surgical procedures [27–29]. Our
review of the literature showed that no similar clinical trials
have compared triclosan-coated sutures with conventional

sutures in TKA. In our prospective double-blind randomized
controlled trial, we restricted our enrolled patients to those
with degenerative osteoarthritis of the knee who had not
previously undergone surgery to the index knee. Confound-
ing factors might have been reduced because all our patients
were treated by the same experienced surgeon, with the
same prostheses, with the same surgical technique, and
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Table 2: Perioperative variables.

Variable Triclosan group Control group p†
(𝑛 = 51) (𝑛 = 51)

Surgery duration (min) (mean ± SD) 125 ± 24 136 ± 34 0.046∗

Incision length (cm) (mean ± SD) 13.0 ± 1.3 12.8 ± 1.4 0.285

Blood loss (mL) (mean ± SD) 137.3 ± 37.2 150.0 ± 60.8 0.205

Perioperative complications 0 0
Postoperative complications 0 2 0.495‡

SD: standard deviation; †independent �푡-test, unless otherwise stated; ‡Pearson �휒2 test; ∗�푝 < 0.05.

Table 3: Summary of functional parameters in triclosan group and control group.

VAS / KSS / SF-12 Triclosan group Control group p†
(𝑛 = 51) (𝑛 = 51)

Baseline (preoperative value)
VAS score 6.6 ± 1.7 7.0 ± 1.8 0.280

KSS score 40.8 ± 9.8 42.4 ± 10.6 0.424

SF-12 score 39.7 ± 18.1 40.9 ± 17.4 0.739

Postoperative day 1
VAS score 8.6 ± 1.0 8.1 ± 0.9 0.017∗

Postoperative day 3
VAS score 6.7 ± 1.0 6.4 ± 0.8 0.131

Postoperative 2 weeks
VAS score 5.1 ± 1.6 4.6 ± 1.5 0.104

KSS score 45.6 ± 10.1 48.7 ± 9.7 0.126

SF-12 score 12.2 ± 29.4 10.2 ± 22.5 0.705

Postoperative 4 weeks
VAS score 3.4 ± 1.5 3.4 ± 1.9 0.974

KSS score 55.5 ± 8.8 55.1 ± 9.3 0.834

SF-12 score 46.6 ± 33.9 49.5 ± 33.0 0.666

Postoperative 3 months
VAS score 1.7 ± 1.5 1.5 ± 1.5 0.447

KSS score 61.7 ± 7.4 63.2 ± 6.2 0.279

SF-12 score 76.7 ± 30.9 80.3 ± 24.3 0.525

SD: standard deviation; VAS: visual analog scale; KSS: Knee Society Score; SF-12: Short Form 12; †independent t-test, unless otherwise stated; �휒2 test; ∗�푝 <
0.05.

with the same treatment protocol. In addition, patients with
conditions that might alter or compromise immune systems
were excluded. In the present study, however, we found no
significant differences in the efficacy of reducing SSIs in
TKA. TKA is a Class I (clean) surgery; thus, the benefits
of triclosan-coated sutures to combat microorganisms might
not be demonstrated.

CRP, ESR, and IL-6 inflammation levels were analyzed
as surrogates for systemic reactions; However, except for
IL-6 from 4 postoperative weeks to 3 months, they were
not significantly different between the triclosan and control
groups. ESR and CRP are reasonably sensitive and acceptably
specific post-TKA diagnostic markers for PJI in a selected
group of patients [30]. However, plasma levels of these acute-
phase proteins might be confounded by intraoperative tissue
trauma and physiological inflammation when used to detect
early subclinical infections. IL-6 induces and regulates the
acute phase of inflammation, which might make it more

rapid and sensitive. IL-6 levels peak within 6–12 hours after
major surgery and then return to baseline levels within 48–72
postoperative hours [31–35]. We also found that IL-6 levels
rapidly declined by the third postoperative day, which is
consistent with other reports [36–39]. However, IL-6 in our
triclosan group fell to lower than baseline levels at 2 weeks, 4
weeks, and 3months. But in the control group, IL-6 remained
at about baseline level during the follow-up.

This temporal pattern of serum IL-6 was interesting.
Studies [40–42] have reported that triclosan causes human
health and environmental problems, and the manufacturer
announced that, from 2015, triclosan would be phased out
of their baby and beauty products. Although we found
no significant advantage of the triclosan-coated sutures on
lowering the incidence of SSIs after TKA, we hypothesize
that the triclosan in the sutures at least prevented an increase
in IL-6 levels. This requires confirmation in future studies,
however.
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Figure 3: Serum erythrocyte sedimentation rate (ESR) levels. Plot
graph showing the mean ESR levels of patients after total knee
replacement with triclosan-coated polyglactin sutures (triclosan
group) or with plain polyglactin sutures (control group) from pre-
operative period to 3-month follow-up (error bars represent SDs).
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Figure 4: Serum C-reactive protein (CRP) levels. Plot graph show-
ing themeanCRP levels of patients following total knee replacement
with triclosan-coated polyglactin sutures (triclosan group) or with
plain polyglactin sutures (control group) from preoperative period
to 3-month follow-up (error bars represent SDs).

There were no significant differences in the mean global
or regional surface temperature of the operated knee between
the triclosan and control groups during the 6-month follow-
up. As with the analysis of early postoperative subclinical
inflammation in primary TKA [36, 39, 43], surface temper-
ature changes mirrored the levels of serologic inflammatory
markers. It may also have been confounded and masked
by the abovementioned factors. Therefore, a more sensitive
analytical toolmight be necessary to investigate differences in
surface temperature and other early-stage subclinical wound
complications.

The functional outcomes of the patients in the present
study improved in both groups; however, there were
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Figure 5: Serum IL-6 levels. Plot graph showing themean IL-6 levels
of patients following total knee replacement with triclosan-coated
polyglactin sutures (triclosan group) or with plain polyglactin
sutures (control group) frompreoperative period to 3-month follow-
up (error bars represent SDs).
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Figure 6: Skin surface temperature. Plot graph showing the mean
skin surface temperature levels of patients following total knee
replacement with triclosan-coated polyglactin sutures (triclosan
group) or with plain polyglactin sutures (control group) from pre-
operative period to 6-month follow-up (error bars represent SDs).

no important significant differences between the groups
throughout the 3-month postoperative follow-up.Thus, using
triclosan-coated sutures to close thewounds of primaryTKAs
had no significant effect on postoperative clinical outcomes
or knee inflammation. Soft-tissue damage during the surgery
induced far greater synovial inflammation than what the
relatively small amount of triclosan in the antibacterial
sutures could counteract.

This study has some strengths. All patients were fol-
lowed up completely, and comprehensive serological tests,
wounds, infrared thermography, and functional outcomes
were assessed. The prospective double-blind randomized
design of this study also allowed us to independently assess
the results of using triclosan-coated sutures on post-TKA
surgical wounds.
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This study also has some limitations. First, the sample was
not large enough to demonstrate the superiority of triclosan-
coated sutures in preventing SSIs inTKA.This specific sample
size was chosen to attain an 80% power of analysis based on
the reported incidence of SSIs after TKA [1–4]. Amuch larger
sample seems to be needed if the occurrence of PJI is taken as
the endpoint of analysis; however, it might be unethical not
to use antimicrobial sutures to test the hypothesis. Instead,
we conducted a noninferiority study, after IRB approval,
to investigate whether triclosan-coated sutures lower the
incidence of SSI and do not elicit more local or systemic
adverse reactions than conventional sutures do. Early detec-
tion of surgical site infections or even periprosthetic joint
infections is still one of the most challenging issues in the
field of joint arthroplasty. Various measurements that were
potential factors for detection should be investigated and
documented. In this study, we used ESR, CRP, and IL-6 as
well as surface temperature to test the efficacy of antibacterial
sutures. Our data suggested that triclosan-coated sutures
prevented an increase in IL-6 levels. In addition, the local
skin temperature of the knees was lower in the triclosan
group than in the control group at postoperative 3 months.
Our study provided the information of IL-6 and surface
temperature in the primary total knee arthroplasty, while the
literature is sparse on this topic. Second, the rigorous follow-
up of the patients might have raised patient awareness about
their wound conditions. Most importantly, we believed that
using PJI as the endpoint of analysis by avoiding the use
of a theoretically better material was unethical. Fortunately,
none of our patients developed a PJI. Whether a less strict
follow-up in näıve patients would result in more wound
complications is unknown.Third, the definition of superficial
surgical site infection is limited to skin involvement only.
Other surgical site infections aremore serious and can involve
tissues under the skin, organs, or implanted material. The
measurements we used in the present study are indeed not
convincing to discriminate these complications, especially,
subcutaneous fatty tissue necrosis. Further fundamental
studies to discriminate SSI, subcutaneous fatty necrosis, or
even early PJI using tools such as thermal imaging system or
even thermal-sensitive dressing should be considered.

5. Conclusion

Triclosan-coated sutures did not cause adverse local or
systemic reactions: similar changes in serial inflammatory
response occurred in both groups. Furthermore, falling levels
of IL-6 imply that triclosan-coated sutures had a positive
effect on postoperative knee inflammation. A more sensitive
analytical measurement tool is needed to investigate local
and systemic complications, especially in the early subclinical
stage.
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