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Abstract: (1) Background: The purpose of this study was to determine whether preemptive duloxe-
tine in patients with central sensitization (CS) is effective for acute postoperative pain control and
wound healing following total knee arthroplasty (TKA). (2) Methods: CS was defined as a score of
40 points or higher on the Central Sensitization Inventory (CSI) survey. Thirty-nine patients with
CS were randomly assigned to either the duloxetine group (n = 19) or the placebo group (n = 20).
The duloxetine group took duloxetine 30 mg once a day, while the placebo group took the placebo
medication once a day. A pain visual analog scale (VAS) and the Brief Pain Inventory (BPI), wound
complications, the temperature of the surgical site, and adverse events were investigated. Skin tem-
perature was measured at the center of the patella using a portable digital thermometer. (3) Results:
The duloxetine group reported significantly lower pain VAS scores during follow-up periods up
to 6 weeks after surgery (all p < 0.05). BPI interference also showed significantly superior results
in the duloxetine group after surgery (all p < 0.05). Although there was no difference in the rate
of wound complications between the two groups (p > 0.05), the duloxetine group showed signifi-
cantly lower wound temperature than the placebo group during the follow-up period (all p < 0.05).
(4) Conclusions: In this study, preemptive duloxetine effectively reduced pain and lowered wound
temperature following TKA in CS patients.

Keywords: duloxetine; pain; wound healing; central sensitization; total knee arthroplasty; randomized

1. Introduction

Total knee arthroplasty (TKA) is the most effective treatment for end-stage knee
osteoarthritis (OA) [1]. It is an established surgical method that reduces pain and provides
a better quality of life through functional enhancement. However, about 20% of patients
who undergo TKA are not satisfied with the results of the operation due to persistent
pain [2,3]. Perioperative pain is closely related to surgical stress response [4]. Various pain
control methods have been used to reduce surgical stress response as well as perioperative
pain [5,6]. Moreover, despite the remarkable developments in multimodal pain analgesia
in recent years, pain control after TKA surgery remains challenging.

Central sensitization (CS) has received significant attention recently as the cause of
such persistent pain [7,8]. CS appears due to an abnormal reaction of the central nervous
system and is characterized by allodynia and hyperalgesia [7,8]. CS is present in 20% to
40% of patients with chronic knee pain with advanced knee OA [9–11]. Many studies have
assessed the effect of CS on the clinical manifestations that appear after TKA. Preoperative
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CS is well known as a risk factor for persistent pain and inferior function after TKA [12–15].
In CS patients, the function of the serotonin–norepinephrine descending inhibitory pathway
decreases, resulting in a decrease in serotonin and norepinephrine [16,17]. Serotonin and
norepinephrine are closely related to the inflammatory and proliferative phases of wound
healing and act as important neurotransmitters in wound healing [18–20]. CS is thus
closely related to wound complications after TKA [21]. Proper wound healing after TKA is
important for patient recovery, rehabilitation, and the prevention of periprosthetic joint
infection [22,23]. Wound complications after TKA are an important risk factor for the
exacerbation of deep periprosthetic joint infections [22,23].

Duloxetine (Cymbalta; Eli Lilly & Co., Indianapolis, IN, USA) is a selective serotonin–
norepinephrine reuptake inhibitor (SNRI) that acts on the descending inhibitory pain
pathway in the central nervous system [24,25]. The analgesic effect of duloxetine is well
established in patients with central mediated musculoskeletal pain, including those with
pain from chronic knee OA [26]. In the context of TKA, duloxetine has also been found
to be excellent for reducing pain and facilitates a superior quality of recovery among CS
patients [13]. In addition, duloxetine might play an important role in reducing wound
complication rates in CS patients undergoing TKA [21]. However, the pain reduction
effects of duloxetine after TKA only appear 2 weeks after surgery [13]. SNRIs exhibit
potent antiplatelet and endothelium protective effects, exacerbate the development of
inflammation, and control the production of interleukin and interferon to help wound
healing [27].

No prospective study has examined whether duloxetine can reduce postoperative
pain and the incidence of wound complications in CS patients undergoing TKA [13,21].
The purpose of this interim study was to investigate whether preemptive duloxetine is
effective in reducing immediate postoperative pain following TKA and in supporting
improved wound healing in CS patients. We hypothesized that preemptive duloxetine is
effective in reducing pain and aiding in wound healing in CS patients undergoing TKA.

2. Methods

This prospective, double-blind, randomized clinical trial was designed as a parallel-
group study with balanced randomization and enrolled 137 patients scheduled to undergo
TKA surgery performed by one operator at a hospital from March 2019 to February 2020.
All patients were screened using the Central Sensitization Inventory (CSI) 2 weeks before
surgery, where a CSI score above 40 points indicated CS [28]. Patients who met all of
the following standards were allowed to participate in this study: (1) surgery performed
for primary knee OA; (2) American Society of Anesthesiologists (ASA) class of I, II, or
III; (3) completion of the study informed consent form; and (4) more than 3 months of
available follow-up data. Meanwhile, the exclusion criteria were as follows: (1) reasons
for surgery other than primary OA, such as inflammatory arthritis (rheumatoid arthritis),
osteonecrosis, or traumatic OA; (2) CSI score of fewer than 40 points; (3) prior use of
duloxetine; (4) a known psychiatric disorder; and (5) previous infection history or previous
operation history. Finally, among 137 TKA candidates, 39 CS patients were randomized
and included in the final analysis (Figure 1). The study was approved by the appropriate
institutional review board and posted at ClinicalTrials.gov.

The presence or absence of CS was assessed using CSI at the outpatient clinic 2 weeks
before surgery in patients who were determined eligible to undergo TKA. CSI is a ques-
tionnaire designed for discriminating the established CS that has been validated; patients
answer questions by themselves to discern whether they exhibit CS [29]. CSI consists of
a total of 25 questions with scores ranging from zero to four points per question, with a
total possible score of zero to 100 points [28]. According to the results of a previous study,
patients with CS achieve CSI scores of 40 points or more [28].
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Figure 1. Flow of patient enrollment, randomization, and follow-up. CSI, Central Sensitization Inventory.

Patients were randomly assigned to the duloxetine group or placebo group 2 weeks
before surgery. For this study, patients were allocated in a block randomization method
using a randomization program on the Internet. The patient allocation table was randomly
extracted from a randomized envelope by an orthopedic surgeon who did not participate in
the study, and the clinical pharmacy dispensed drugs without the knowledge of operators
and evaluators. To confirm compliance with the clinical trial drug, the clinical pharmacy
measured the amount of the drug returned by the patient. The patients in the duloxetine
group took 30 mg of duloxetine once a day from 2 weeks before surgery to eight weeks
after surgery, while the placebo group took the placebo medication once a day for the
same period.

TKA was performed on all patients using the same posterior-stabilized implant by a
single surgeon under general anesthesia with a tourniquet inflation level of 300 mmHg.
A subvastus approach was adopted in all procedures. Before implantation, a multimodal
intra-articular injection was performed and the implant was fixed using cement. For
additional pain relief, a combination of ropivacaine, morphine, and ketorolac was used
via periarticular injection, but steroids were not used due to the risk of infection [30]. A
postoperative nerve block was not used either. After inserting the intra-articular suction
drain in the joint, the capsule was repaired and wound closure was performed. Multimodal
oral analgesic drugs containing 200 mg of celecoxib (Celebrex; Pfizer, New York, NY,
USA) and 150 mg of pregabalin (Lyrica; Pfizer, New York, NY, USA) were administered
2 h before the surgery. All patients received intravenous patient-controlled analgesia
(PCA) encompassing delivery of 1 mL of a 100 mL solution containing 2000 µg of fentanyl
postoperatively. Each time the patient pressed the button, 1 mL of the drug was injected.
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Intravenous PCA was removed three days after surgery. Once patients restarted oral intake,
10 mg of oxycodone, 200 mg of celecoxib once daily, 37.5 mg of tramadol (Paramacet; Dong-
A Pharm, Seoul, Korea), and 650 mg of acetaminophen (Tylenol; Janssen Korea, Seoul,
Korea) were administered every 12 h for seven days during hospitalization. Intramuscular
injections of tridol (Tramadol 50 mg, Yuhan Corp., Seoul, Korea) were administered as
an acute analgesic therapy when a patient reported severe pain (>6 points) on the VAS
(0–10 points). All patients performed active exercises according to the same rehabilitation
protocol. Gradually increasing range-of-motion (ROM) and quadriceps-strengthening
exercises were initiated immediately after the surgery. Patients began walking ambulation
using a supportive device from the first postoperative day.

Active ROM of the knee joint was evaluated using a standard 60 cm goniometer with
the patient in the supine position by one of the authors. To increase its accuracy, this
measurement was made by one orthopedic specialist who did not otherwise participate in
the study. PCA consumption during the 72 h following TKA was evaluated. Self-reported
pain severity for resting, walking, nighttime, and 24 h average periods were measured using
a 10-point VAS preoperatively; 1, 3, 5, and 7 days postoperative; and 2, 6, and 12 weeks
postoperative. In the case of VAS, the doctor gave the patient a questionnaire and allowed
the patient to indicate their pain level through an interview. The Brief Pain Inventory (BPI)
was also deployed preoperatively and at 2, 6, and 12 weeks after surgery [31]. Among the
BPI interference items, the sum of the relations with others, enjoyment of life, and mood
and sleep subscores was defined as the affective subdimension of BPI, while the sum of
walking, general activity, and work subscores was determined as the activity subdimension
of BPI [13].

Postoperative wound complications were defined as occurring cases in which the
patient needed additional treatment or procedures during the initial 12 weeks after surgery.
Noted wound complications included wound dehiscence, suture granuloma, prolonged
wound discharge continuing at 5 days after surgery, severe hematoma formation, or in-
fection at the surgical site. Additional postoperative treatments or procedures included
delayed discharge and readmission due to wound problems, additional outpatient visits to
examine surgical wounds, topical application of ointments, surgical wound debridement
or suturing at the hospital, hematoma aspiration, antibiotics prescription, and reoperation.
Skin temperature was measured at the center of the patella using a portable digital ther-
mometer (FLIR, Wilsonville, OR, USA) for the evaluation of surgical wound healing [32–34].
Skin temperature was evaluated preoperatively and 2, 6, and 12 weeks postoperatively
between 9:00 and 12:00 a.m. Inflammatory markers including C-reactive protein (CRP)
were evaluated preoperatively and 2 and 6 weeks after surgery. For cosmetic surgical
wound evaluation, the surgical wound condition was compared using the Vancouver Scar
Scale (VSS) at 12 weeks after surgery, which consists of four items, where pliability and
height are scored from zero to four points, pigmentation and vascularity are scored from
zero to three points, and the total score ranges between zero and 14 points. Importantly,
when evaluating VSS results, the lower the score, the better the wound condition [35].
Wound score was evaluated by one orthopedic surgeon who did not participate in the
surgery or research. Adverse events defined based on previous research into the safety of
duloxetine were also evaluated during the follow-up period [26].

3. Statistical Analysis

No previous study has examined the effect of duloxetine on wound complications in
CS patients undergoing TKA, so only the results of previous research examining wound
complications in TKA patients with or without CS could be compared [21]. In patients who
underwent TKA, wound complications occurred in 28.6% of the CS group and 2.7% of the
non-CS group [21]. Therefore, the difference in the expected rate of wound complications
between the duloxetine and placebo groups was set at 25% [21]. Next, the minimum sample
size required for each group was calculated based on the findings of that study: having
34 patients in each group provided a statistical power of 80% and a level of 0.05. We chose
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a group size of 40 patients to allow for a dropout rate of up to 15%. All data are presented
as mean and standard deviation values. The comparison of categorical variables between
the two groups was assessed using Fisher’s exact test. An unpaired Student’s t-test was
used for the analysis of continuous variables. ROM was assessed by repeated-measures
analysis of variance (ANOVA). The Statistical Package for the Social Sciences version 21.0
(IBM Corporation, Armonk, NY, USA) was used for all statistical analyses. A p-value of
less than 0.05 was considered to be statistically significant.

4. Results

To meet the originally intended sample size, we needed to recruit 80 patients (n = 40
per group). However, despite a one-year enrollment period, we were unable to recruit
enough CS patients undergoing TKA. Because the contract with the department of clinical
pharmacy at our hospital ended in April 2020, we needed to finish the study before that.
Therefore, only 39 patients were enrolled in this study. There were no differences in
demographic data recorded between the two groups before surgery (all p > 0.05) (Table 1).
The CS score of the duloxetine group was 50.5 points, and that of the placebo group was
51.6 points (p > 0.05). Postoperatively, PCA consumption was 61.0 mL in the duloxetine
group and 84.9 mL in the placebo group, a significant difference (p = 0.019). There was no
difference in ROM between the two groups during the follow-up period (all p > 0.0125),
(Figure 2).

Table 1. Demographic characteristics of the two groups.

Placebo
(n = 20)

Duloxetine
(n = 19) p-Value

Demographics

Age (years) 67.0 (7.1) 71.2 (6.5) 0.055

Gender (Female, %) 16 (80.0%) 17 (89.5%) 0.412

BMI (kg/m2) 25.7 (3.4) 25.7 (4.5) 0.978

Operation side (Left, %) 6 (30.0%) 5 (26.3%) 0.798

CSI score 51.6 (11.6) 50.5 (11.5) 0.772

ASA grade 0.333

1 7 (35.0%) 4 (21.1%)

2 13 (65.0%) 15 (78.9%)

Tourniquet time (minutes) 42.0 (8.1) 43.3 (8.4) 0.678

Specific comorbidities

Hypertension 9 (45.0%) 11 (57.9%) 0.421

Diabetes 2 (10.0%) 4 (21.1%) 0.339

Cardiac disease 1 (5.0%) 4 (21.1%) 0.134

Cerebrovascular event 2 (10.0%) 2 (10.5%) 0.957

Thyroid disease 0 (0%) 0 (0%) 1.000

Kidney disease 1 (5.0%) 1 (5.3%) 0.970

Pulmonary disease 1 (5.0%) 1 (5.3%) 0.970

Liver disease 1 (5.0%) 0 (0%) 0.323

Hemovac drainage (mL) 208.2 (145.7) 189.0 (123.1) 0.661

BMI, Body Mass Index; ASA, American Society of Anesthesiologists; CSI, Central Sensitization Inventory. The
values are presented as mean and SD with the range in parentheses.
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There was no difference in VAS and BPI scores between the two groups before surgery
(all p > 0.05); however, the duloxetine group presented significantly lower resting, walking,
nighttime, and average VAS pain scores than the placebo group during follow-up periods
of 1, 2, and 6 weeks after surgery (all p < 0.05) (Table 2). In terms of the affective and activity
subdimensions of BPI interference, the duloxetine group showed significantly better results
at 2, 6, and 12 weeks after surgery relative to the placebo group (all p < 0.05) (Figure 3).

Table 2. Pain Visual Analogue Scale on resting, walking, nighttime, and 24 h average *.

Resting Walking Nighttime 24 h Average

Control
(n = 20)

Duloxetine
(n = 19) p-Value Control

(n = 20)
Duloxetine
(n = 19) p-Value Control

(n = 20)
Duloxetine
(n = 19) p-Value Control

(n = 20)
Duloxetine
(n = 19) p-Value

Preop 3.8
(1.9) 4.4 (1.8) 4.9

(1.8) 5.8 (1.4) 5.7
(1.1) 5.6 (1.2) 6.1

(1.0) 5.6 (1.8)

PO 1D 5.7
(1.4) 3.5 (1.4) <0.001 7.3

(1.4) 5.0 (1.6) <0.001 4.9
(1.7) 6.2 (2.0) <0.001 5.5

(1.5) 4.7 (1.3) <0.001

PO 3D 5.2
(1.5) 3.8 (2.0) 0.029 6.6

(1.0) 5.0 (2.2) 0.009 6.4
(2.0) 5.1 (2.1) 0.091 5.4

(1.3) 4.2 (1.4) 0.015

PO 5D 4.6
(1.3) 2.8 (1.5) 0.001 6.1

(1.8) 4.5 (1.3) 0.009 6.1
(2.0) 3.9 (1.8) 0.002 5.5

(1.1) 3.4 (0.8) 0.001

PO 1W 4.3
(1.6) 2.5 (1.3) 0.001 6.0

(1.6) 4.1 (1.2) 0.001 5.8
(2.3) 3.5 (1.9) 0.004 5.2

(1.3) 3.8 (1.7) 0.012

PO 2W 4.3
(1.5) 2.8 (1.2) 0.002 5.4

(1.4) 4.1 (1.6) 0.016 5.8
(1.4) 4.2 (1.5) 0.002 5.1

(1.5) 3.7 (1.5) 0.008

PO 6W 3.3
(1.7) 1.9 (1.2) 0.014 4.0

(1.7) 2.4 (1.6) 0.011 4.6
(1.7) 2.8 (1.6) 0.002 3.7

(1.6) 2.3 (1.2) 0.006

PO 12W 2.8
(1.0) 2.2 (1.3) 0.205 3.4

(0.8) 2.6 (1.3) 0.068 3.7
(0.8) 2.9 (1.3) 0.057 3.1

(1.1) 2.5 (1.2) 0.187

* Data are presented as mean (standard deviation). PO = postoperative; D = day; W = week.
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Figure 3. BPI interference. Affective subdimension of BPI-interference (A), activity subdimension of
BPI interference (B).

Although the rate of wound complications was lower in the duloxetine group, this
difference was not statistically significant (p > 0.05). Specifically, in the placebo group,
aspiration was performed for hemarthrosis in one case, antibiotics were used in two cases
due to wound redness, suture granuloma was found in two cases, and superficial surgical
site infection occurred in one case, while, in the duloxetine group, antibiotics were used in
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one case due to wound redness. There was no need for reoperation or readmission during
the follow-up period in both groups (Table 3).

Table 3. Intergroup comparison of wound complications.

Placebo
(n = 20)

Duloxetine
(n = 19) p-Value

Wound complication 6 (30.0%) 1 (5.3%) 0.091

Hematoma aspiration 1 (5.0%) 0 (0%)

Drainage occurring after postoperative day 5 0 (0%) 0 (0%)

Suture granuloma 2 (10.0%) 0 (0%)

Additional antibiotics for redness 2 (10.0%) 1 (5.3%)

Superficial surgical site infection 1 (5.0%) 0 (2.0%)

As a result of measuring the changes in wound temperature using a thermal imaging
camera, there was no difference found between the two groups before surgery (p > 0.05),
but at 2, 6, and 12 weeks after surgery, the duloxetine group presented a significantly lower
skin temperature than the control group (all p < 0.05) (Figure 4). There were no significant
differences in CRP levels between the two groups during the follow-up period (all p > 0.05).
Considering VSS scores, there was no significant difference between the two groups (all
p > 0.05) (Figure 5), and the recorded adverse events also did not differ between the two
groups (Table 4) (p > 0.05).
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Table 4. Incidence rates of adverse events *.

Adverse Events Placebo (n = 20) Duloxetine (n = 19) p-Value

Nausea/vomiting 6 (30.0) 3 (15.8) 0.292

Dizziness 5 (25.0) 6 (31.6) 0.648

Insomnia 7 (35.0) 10 (52.6) 0.267

Fatigue 4 (20.0) 7 (36.8) 0.243

Appetite loss 8 (40.0) 9 (47.4) 0.643

Dry mouth 10 (50.0) 5 (26.3) 0.129

Constipation 12 (60.0) 10 (52.6) 0.643

* Data are presented as number (percentage) of patients.

5. Discussion

The most important findings were that, among CS patients who underwent TKA,
those who took duloxetine from 2 weeks before surgery to 8 weeks after experienced
less pain and superior functionality until three months after surgery, and their wound
temperature was also significantly lower as compared with patients in the placebo group.

The expiration date for drug storage and availability was April 2020, so no additional
patient enrollment was performed. Still, a sample size of 39 patients is sufficient to evaluate
the feasibility of the study design. According to the rule of thumb published previously
for the feasibility study, a sample size of 12 or more participants per group is determined
to be sufficient [36]. Koh et al. [13] reported that duloxetine offered effective pain control
and functional recovery for CS patients undergoing TKA, and Kim et al. [21] reported that
patients with CS had a higher incidence of wound complications than those without CS. To
the best of our knowledge, no previous prospective study examined whether duloxetine
could reduce postoperative pain and the incidence of wound complications in CS patients
undergoing TKA. In this study, the 12-week period was too short to enroll enough CS
patients, so our data are underpowered to detect differences in wound complications.
However, our results still have meaning as a report. To clearly answer our research
questions, we intend to conduct further research involving a larger sample enrolled across
a longer period of more than 1 year.
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Surgical stress response describes the physiological and pathophysiological changes
induced by surgical stimulation. It can be broadly divided into neuroendocrine–metabolic
and inflammatory–immune responses [6,37]. Postoperative sensitization of the central
neurons may result in hyperalgesia and allodynia in surgical patients [38]. This is a typical
symptom of CS, and surgical response stress may be greater in CS patients [7,8]. In order
to modulate the surgical stress response, various drugs for anesthesia and analgesia are
used in combination [6]. Duloxetine is a well-known effective agent for CS [13,26], and the
use of duloxetine in CS patients mitigates surgical stress response through CS mitigation
and localized factors that reduce postoperative pain and help wound healing [13,21,26,27].

Although OA pain has traditionally been regarded as peripheral and nociceptive
pain caused by inflammation or mechanical damage to peripheral tissues, new evidence
suggests that CS is also an important underlying mechanism of OA pain [39,40]. CS is
accompanied by impaired activity of the descending inhibitory pathway [41]. Serotonin
and norepinephrine are key neurotransmitters in the descending inhibitory pathway and
are involved in pain control [24]. Duloxetine is a centrally acting analgesic that enhances
the activity of descending inhibitory pain pathways [26,42], particularly dysfunctional
inhibitory pain pathways, and specifically decreases descending pathway activity in pa-
tients with CS [43]. Since this study targeted patients with CS, duloxetine was selected
as the study drug because it was considered most suitable for knee OA patients with CS.
Generally, the dosage of duloxetine is initially started at 30 mg and then increased to 60 mg
because duloxetine may have side effects [44]. In previous studies, 30 mg of duloxetine
showed a sufficient effect [13,45]. Therefore, in this study, 30 mg of duloxetine was used
continuously without dose adjustment.

In CS patients, duloxetine, which was used as part of preemptive analgesia and
perioperative pain management, achieved a better pain control effect after TKA surgery. In
addition, it also demonstrated sufficient advantages regarding opioid consumption after
surgery. The reason for using duloxetine from 2 weeks before surgery for the purpose
of preemptive analgesia is that, in the previous study, the effect of duloxetine on pain in
CS patients who underwent TKA appeared from 2 weeks after surgery [13]. Therefore, it
was judged that setting a period of 2 weeks was appropriate for evaluating the degree of
pain control immediately after surgery. There have been various investigations performed
into duloxetine as part of a perioperative pain-management regimen after TKA [46,47],
but existing studies on the effects of duloxetine on pain reduction before and after surgery
in CS patients are largely insufficient [13]. In the previous studies, perioperative use of
duloxetine was effective in reducing opioid consumption, but not in reducing pain [46,47].
However, those results were from patients who underwent TKA without CS screening.
Thus, they have limited value in assessing the effects of duloxetine for pain reduction
in CS patients. Information was lacking because insufficient studies have examined the
effect of duloxetine in CS patients undergoing TKA. A high-level study investigated the
pain-reduction effect by having CS patients undergoing TKA take duloxetine from one day
before surgery to 6 weeks after surgery and reported that duloxetine achieved a significant
pain-reduction effect from 2 weeks after surgery [13]. Nevertheless, there are limitations to
analyzing the effects of preemptive duloxetine on pain reduction immediately after surgery
in terms of not having enough duloxetine administered before surgery. Since CS is known
to be an important risk factor for persistent postoperative pain in TKA patients [12–15],
the evidence from this study supports the use of duloxetine as a preoperative multimodal
pain-management protocol when performing TKA surgery in CS patients.

Serotonin plays an important role in the promotion of wound healing, especially in
the inflammatory and proliferative phases [1,9]. In wound healing, serotonin promotes
platelet activation and hemostasis by stimulating the secretion of von Willebrand factor
(vWf ) from endothelial cells [9]. In addition, serotonin can mitigate chronic inflammation
or hypertrophic scarring by promoting the secretion of pro-inflammatory cytokines and
inhibiting the apoptosis of human monocytes [10]. Norepinephrine is also associated with
the wound healing process. In a comparison of wound healing in norepinephrine-intact
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and -depleted mice, neutrophil infiltration was more common in norepinephrine-intact
mice, and re-epithelialization was also accelerated. Norepinephrine plays an important role
in wound healing and infection defense by regulating the inflammatory and proliferative
phases of wound healing and improving the recruitment and wound closure effects of
innate immune cells [2]. CS involves various mechanisms, one of which is a decrease in the
descending inhibition pathway [16,17]. The decreased function of that descending pathway
is associated with a reduction in the role of serotonin [21]. Malinin et al. suggested that a
serotonin reuptake inhibitor can promote wound healing by sustaining an extracellular
concentration of serotonin through its inhibition of the serotonin transporter [8]. In a study
by Li et al., fluoxetine (a serotonin reuptake inhibitor) significantly reduced skin lesions
and scratching [7]. Sufficient evidence supports the ability of serotonin–norepinephrine
reuptake inhibitors to promote wound healing.

In addition, pain is also closely related to wound healing [48,49]. The difference in
pain between the duloxetine group and the placebo group in CS patients is an important
factor that can affect wound healing. The incidence rate of wound complication was 30%
in the duloxetine group and 5% in the placebo group in CS patients who underwent TKA,
respectively. In a study by Kim et al., the rate of wound complications in the CS group was
28.6%, which was much higher than that of the non-CS group (2.7%) [21]. In this study,
the wound complications rate of the CS patient group taking the placebo was 30%, which
was similar to the previous study results. The wound complication rate was lower in the
duloxetine group, but that difference was not statistically significant. In addition, since the
CS group had a 15-fold higher risk of wound complications than the non-CS group [21], it
is essential to study the effect of duloxetine on wound complications in CS patients using a
larger sample size.

Infrared thermal imaging (IRT) detects temperature changes associated with various
diseases [50,51] and is useful for the postoperative monitoring of surgical site wound
healing [52,53]. Even after TKA, IRT has been used for the monitoring of wound healing
and has proven to be a useful imaging modality [32,33]. In fact, at the surgical site, changes
in skin temperature occur due to the postoperative inflammatory response as part of the
postoperative healing process [34]. In this study, the duloxetine group showed significantly
lower skin temperatures than the placebo group at 2, 6, and 12 weeks after surgery. Notably,
the skin temperature had almost reached the preoperative level by 12 weeks postoperative
in the duloxetine group, while the placebo group showed higher skin temperatures than
those recorded before surgery even at 12 weeks after surgery. Skin temperature is a sensitive
measurement tool that reflects the local inflammatory response [54]; thus, based on these
results, it can be confirmed that duloxetine helps promote wound healing at the surgical
site in CS patients undergoing TKA.

Preoperative and postoperative use of duloxetine relative to placebo therapy did
not increase adverse events in patients with CS who underwent TKA. This is consistent
with the findings of previous studies of TKA patients using duloxetine to confirm their
safety [46,47]. Since the study sample size was small, there may be limitations in showing
clinical relevance, but the frequency of side effects in the group taking duloxetine was
similar to the previous results [46,47]. However, additional studies are needed to confirm
the safety while using duloxetine during preemptive and perioperative periods in CS
patients undergoing TKA.

This study has several limitations that should be noted. First, most of the participants
were women. It is well known that women make up the majority of the Korean TKA popu-
lation [55–57]. Second, our sample size was small, so our research might be underpowered,
including the possibility of type 2 errors in all relevant outcomes. A larger study might be
necessary to develop a general recommendation for the use of preemptive duloxetine in
TKA patients with CS. Third, the most accurate way to diagnose a psychiatric disorder is
to use a screening tool such as the Hospital Anxiety and Depression Scale [1]. However,
in this study, psychiatric disorders were determined using patient responses as they gave
their medical history. In addition, patients with a psychiatric history may receive greater



J. Clin. Med. 2021, 10, 2809 12 of 15

benefit from duloxetine, because psychiatric factors are closely related to CS [58]. The
purpose of this study was to investigate the effect of duloxetine on CS-related knee OA.
For this reason, we sought to exclude cases of diseases other than knee OA related to CS.
Fourth, wound size was not evaluated in this study. Fifth, in CS, disease is not limited to
just the knee joint, so research should be expanded to other parts of the body [59]. Finally,
the follow-up period was relatively short at three months after surgery. The long-term
influence of duloxetine on postoperative wound complications and postoperative pain pat-
terns could not be evaluated in this study and should be explored in a study with a longer
follow-up period. Despite these limitations, however, this study is of great significance in
that it provides valuable information for the first time on the effects of preemptive and
perioperative duloxetine on postoperative pain levels and wound healing in CS patients
who underwent TKA.

6. Conclusions

In this study, preemptive duloxetine effectively reduced pain and lowered wound
temperature immediately after surgery in CS patients subjected to TKA. Based on these
results, further study involving larger populations is warranted to clarify the effects of
duloxetine on postoperative pain and wound healing in CS patients undergoing TKA.
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