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	 Background:	 The aim of this prospective study was to compare transcranial direct current stimulation (tDCS) plus electroacu-
puncture with standard analgesia in patients after total knee arthroplasty (TKA) to determine the effects on re-
habilitation and functional recovery.

	 Material/Methods:	 Eighty patients with osteoarthritis of the knee who underwent TKA were included in the study. They were di-
vided into experimental (n=40) and control groups (n=40) according to postoperative analgesia method. The 
control group received multimodal analgesia after TKA and the experimental group received additional tDCS 
plus electroacupuncture. Postoperative pain, knee function, and quality of life were compared between the 2 
groups.

	 Results:	 Compared with the control group, the experimental group had significantly lower visual analog scale scores at 
3 and 7 days and 3 and 6 weeks after TKA (P<0.05). At 6 weeks after TKA, knee injury and osteoarthritis out-
come and Hospital for Special Surgery scores and maximum knee flexion in the experimental group were sig-
nificantly better than those in the control group (P<0.05). In the experimental group compared with the con-
trol group, the Short Form-36 Health Survey score also was significantly increased (P<0.05).

	 Conclusions:	 The findings from this study showed that tDCS plus electroacupuncture effectively reduced pain after TKA and 
improved rehabilitation and functional recovery.
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Background

Osteoarthritis of the knee is a chronic, degenerative joint disease 
caused by a variety of factors and its prevalence increases with 
age [1]. Worldwide, it is estimated that 9.6% of men and 18.0% 
of women aged ³60 years have symptomatic osteoarthritis [2]. 
In China, the age at onset of osteoarthritis tends to be young-
er, with a prevalence of approximately 12% in people aged >45 
years [3]. Osteoarthritis is a leading cause of chronic pain and 
disability, which results in an overall decrease in quality of life 
(QOL) and an increased risk of depression and anxiety [4]. If the 
trend toward population aging continues, osteoarthritis could 
become the fourth most disabling disease in the world [2,5].

Total knee arthroplasty (TKA) is an effective treatment for end-
stage knee arthritis [6]. The main goals for it are reduction in 
pain symptoms, improvement in knee function, and correction 
of joint deformity, which all improve patient QOL [6]. Guidelines 
for rehabilitation after TKA state that early rehabilitation training 
is essential to improve outcomes [7]. However, unexplained pain 
after TKA is one of the most common complications, and even 
with adequate multimodal analgesic regimens, some patients 
still have visual analog scale (VAS) scores for pain >8, which of-
ten are accompanied by insomnia and emotional problems [8,9]. 
Pain also can make it impossible for a patient to perform flexion 
and extension exercises at the optimal time, and lead to joint 
adhesion, seriously affecting the recovery of joint function [10]. 
Therefore, further improvement in control of postoperative pain is 
essential for rehabilitation of patients who have undergone TKA.

Recent studies have shown that transcranial direct current stim-
ulation (tDCS) may have significant value in the treatment of 
chronic pain disorders [11,12]. Studies suggest that tDCS can 
reduce pain by regulating thalamic inhibitory networks and in-
tervening in cortico-cortical as well as cortico-subcortical syn-
aptic contacts related to pain formation [13,14]. Recent studies 
also have confirmed that preoperative central sensitization is 
a risk factor for persistent pain after TKA in patients with os-
teoarthritis of the knee [15]. Therefore, tDCS treatment may-
be effective for unexplained pain after TKA. Previous studies 
by Khedr et al showed that tDCS reduced opioid requirements 
after TKA [16]. Electroacupuncture has been confirmed to be 
another effective non-drug analgesic treatment for postoper-
ative pain [17], and it also improves muscle nerve function, 
prevents amyotrophy, and has anti-inflammatory and other 
effects [18,19]. For osteoarthritis knee pain, electroacupunc-
ture treatment has been shown to have good analgesic ef-
fects [5,18]. However, few studies have evaluated the anal-
gesic effect of tDCS plus electroacupuncture, particularly in 
TKA. Therefore, the aim of the present prospective study was 
to compare tDCS plus electroacupuncture with standard an-
algesia in patients after TKA and the effects on their rehabil-
itation and functional recovery.

Material and Methods

Ethics Statement

The study was approved by the Ethics Committee of Huai’an 
Hospital (no. HA201901A). All patients provided written in-
formed consent.

Participants

Eighty patients with osteoarthritis of the knee who under-
went TKA at the Affiliated Huai’an Hospital of Xuzhou Medical 
University between June 2019 and June 2020 were included 
in the present study. Patients were included if they: had se-
vere osteoarthritis according to the 2013 American College of 
Physicians guidelines for the treatment of knee arthritis [20]; 
had unilateral knee chronic pain with dysfunction, and conser-
vative treatment was ineffective; met preoperative American 
Society of Anesthesiologists preoperative grading criteria I-II; 
signed informed consent before surgery; and had undergone 
TKA using an anterior midline incision and a medial approach 
to the patella, which was completed by the same group of sur-
geons. Patients were excluded if they: were aged <50 or >85 
years; had a history of drug dependence or drug allergy to nar-
cotic drugs; had significant abnormalities in preoperative liv-
er and kidney function; had a history of stroke or neuropsy-
chiatric disease; had uncontrolled angina pectoris or bundle 
branch block (QT prolongation); had a history of severe gas-
tric ulcer or severe gastrointestinal disease; had a coagulation 
dysfunction; had a fixed deformity or severe ligament insta-
bility; or were unable to cooperate with exercise after surgery.

Postoperative Analgesia

All patients received multimodal analgesia 48 h after surgery. 
Before the procedure was completed, the patients received a 
1- to 2-mg dose of morphine, which was injected by the an-
esthesiologist into the epidural space. Postoperatively, all pa-
tients had an indwelling epidural analgesia pump. The specific 
analgesic formula included morphine, ropivacaine, and droperi-
dol in a 96-mL 0.9% sodium chloride solution. The specific dos-
es of morphine, ropivacaine, and droperidol depended upon a 
patient’s weight, age, sex, and other factors. The convention-
al administration rate was 2 mL/h, the patient-controlled vol-
ume was 0.5 mL/15 min, and the total postoperative analgesic 
time was 48 h. The day after surgery, routine oral adminis-
tration of celecoxib capsules, 200 mg twice daily, was begun.

Electroacupuncture Therapy

The experimental group was treated with electroacupuncture 
after surgery. The locations selected, all on the same side as 
the TKA, were Liangqiu (ST 34), Xuehai (SP 10), Yinlingquan 
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(SP9), Zusanli (ST 36), Fenglong (ST 40), and Qiuxu (GB 40). 
Liangqiu is located between the rectus femoris and vastus 
lateralis, about 6.7 cm above the basis patella. Xuehai is on 
the upper edge of the medial epicondyle of the femur, about 
6.7 cm above the medial end of the basis patella. Yinlingquan 
is between the posterior border of the tibia and the gastroc-
nemius muscle, above the origin of the soleus muscle. Zusanli 
is located between the tibialis anterior and long extensor mus-
cle digits. Fenglong is located approximately 26.6 cm above 
the external malleolus. Qiuxu is located at the origin of the 
musculus extensor digitorum brevis.

The same acupuncture physician completed every acupunc-
ture operation, under strict aseptic conditions. The disposable 
acupuncture needle was removed and soaked in 75% etha-
nol for 30 min and then removed with a sterile needle holder, 
wiped with sterile gauze, and placed in a disposable dressing 
change pack for future use. Next, while wearing disposable 
sterile gloves, the operator exposed the acupuncture site. The 
dressing change pack then was opened and a sterile forceps 
was used to grasp 75% ethanol cotton balls, which were used 
to disinfect the skin around the acupuncture site. Disinfection 
was repeated 3 times. After each swab, a sterile towel was 
placed. For each puncture, the same type and brand of acu-
puncture needle was used (0.25×25 mm, 0.25×40 mm), along 
with a Hwato SDZ-II Electro Acupuncture Stimulator (Sichuan 
Changhong Electric Co., Ltd., Mianyang, Sichuan, China). Using 
a direct puncture, the needle was inserted 25 to 40 mm, and 
Liangqiu (ST 34) and Xuehai (SP 10), Yinlingquan (SP9) and 
Zusanli (ST 36), and Fenglong (ST 40), and Qiuxu (GB 40) each 
were connected to a pair of electrodes, using dense waves at 
a frequency of 2 Hz/100 Hz and a current intensity of 2 to 5 
mA, which was tolerable for patients. Each session of acupunc-
ture plus tDSC lasted 30 min and sessions were held once a 
day for 6 weeks, for a total of 42 sessions.

Transcranial Direct Current Stimulation

The IS200 transcranial direct current stimulator (Sichuan 
Changhong Electric Co., Ltd., Mianyang, Sichuan, China) was 
used. The stimulation time was 20 min, the current intensity 
was 1.5 mA, and the electrode pad area was 35 cm2. The elec-
trode pad was inserted into the sponge pad and the pad was 
soaked with sterilized water for injection; different sponge 
pads were used for each patient. The anode stimulated the 
M1 area of the left main motor area, which was equivalent to 
the C3 area use with the electrode placement method, and the 
cathode was placed on the shoulder. The current intensity was 
gradually increased to 1.5 mA and anodal stimulation was con-
tinued for 20 min. Stimulation was performed once a day for 5 
days per week over a 6-week period, for a total of 30 sessions.

Rehabilitation Training

Rehabilitation training consisted of exercise for muscle strength 
and joint range of motion and partial weight-bearing training.

To build muscle strength, patients were instructed to perform 
ankle pump exercises after the anesthetic effect wore off, 
which was approximately 6 h after surgery. The day after sur-
gery, they performed long contractile training of the quadriceps 
femoris and hip muscles and increased the intensity of muscle 
strength training according to their individual circumstances. 
Two days after surgery, the drainage tube was removed and 
joint range of motion training was begun by bending a pa-
tient’s foot to the buttock. The initial training angle was set 
at 0° to 30° and the flexion range of motion was increased 
by 10° every day. Each movement cycle was 60 to 80 s and 
the movements were performed for 1 h twice a day; 1 week 
later, knee flexion had reached 90°. Three days after surgery, 
patients were assisted in performing seated knee extension 
and flexion exercises to maintain knee flexion; leg extension 
and elevation were performed for 5 s each. Fifteen repetitions 
each of the knee extension and flexion exercises and leg ex-
tension and elevation were considered a single cycle and 3 
cycles were performed each day. One week after surgery, pa-
tients were helped to stand and to walk. The first transfer of 
the center of gravity to the unaffected side was performed 
for 10 s and the position held for 10 s. Patients also practiced 
walking on a flat surface with the help of a walker and slow-
ly increased their walking load. The progression of all of the 
training was based on each patient’s tolerance for the move-
ments and exercises.

Pain

A VAS was used to evaluate the severity of knee pain in pa-
tients [21]. Their VAS scores ranged from mild to severe (0 to 
10 points), depending upon their own subjective assessments.

Knee Function

Knee function before and after treatment was evaluated using 
the Knee Injury and Osteoarthritis Outcome Score (KOOS) [22], 
the Hospital for Special Surgery (HSS) score [23], and maxi-
mum degree of knee flexion.

Quality of Life

The Short Form-36 Health Survey (SF-36) [24] was used to 
evaluate patient QOL before and after treatment.
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Statistical Analysis

SPSS software, version 23.0 (SPSS, Inc., Chicago, Illinois, United 
States) was used to perform statistical analysis of the data. 
Numerical data were expressed as the number of cases (per-
centage) [n (%)], a chi-square test was performed in parallel, 
and a=0.05 was selected as the test level. The data measured 
in the study conformed to a normal distribution, expressed as 
means±standard deviations (±s), an independent sample t test 
was used for comparison, a paired t test was used for com-
parison before and after treatment in the same group, and 
a=0.05 was selected as the test level. P<0.05 was considered 
a statistically significant difference.

Results

The patients were divided into experimental (n=40) and con-
trol groups (n=40) according to postoperative analgesia meth-
od. Most patients were female (80% and 75%, respective-
ly), with a mean age >65 years. There were no significant 

differences between the groups in sex, age, disease course, 
body mass index, TKA operation time, or other baseline data 
(P>0.05) (Table 1).

Using VAS scores, we assessed the degree of pain in patients 
while resting and active on days 1, 3, and 7 and at weeks 3 
and 6 after TKA. The results showed a trend of decreasing 
VAS scores after TKA in both groups (Figure 1). Compared 
with the control group, the experimental group had signifi-
cantly lower VAS scores at all time points after TKA when the 
scores were assessed (P<0.05), both at rest and while active 
(Figure 1, Table 2).

We assessed knee function before and 6 weeks after TKA in 
both groups using the maximum degree of knee flexion and 
the KOOS and HSS scores. The results showed that before TKA, 
there was no significant difference between the groups in any 
of those measurements. At 6 weeks after TKA, the maximum 
knee curvature and KOOS and HSS scores had increased sig-
nificantly in both groups (P<0.05). In the experimental group 
compared with the control group, the maximum knee curvature 

Characteristics Experimental group (n=40) Control group (n=40) t/c2 P

Sex [n (%)] 

	 Male 	 8	 (20%) 	 10	 (25%)
0.287 0.592

	 Female 	 32	 (80%) 	 30	 (75%)

Age (years) 66.85±5.46 65.35±6.12 1.157 0.251

Disease course (months) 178.56±12.73 181.79±11.89 1.173 0.245

Body mass index (kg/m2) 27.23±5.43 27.09±4.92 0.121 0.904

Operative time (minutes) 102.8±16.5 103.5±15.8 0.194 0.847

Table 1. Characteristics of all participants.
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Figure 1. �Comparisons of visual analog scales (VAS) at different time points after total knee arthroplasty between the 2 groups. 
(A) VAS at rest. (B) VAS during motion. VAS – visual analog scale; TKA – total knee arthroplasty.
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and KOOS and HSS scores at 6 weeks after TKA were signifi-
cantly higher (P<0.05). All of these data are shown in Table 3.

Table 4 shows the differences in time spent out of bed post-
operatively and lengths of hospital stay between the groups. 
Compared with the control group, in the experimental group, 
the time spent out of bed postoperatively was significantly 
longer and the hospital stay was significantly shorter (P<0.05).

We evaluated the QOL of patients before and 6 weeks after 
TKA using the SF-36 scale and found no significant differenc-
es between the groups before the procedure (P>0.05). The 
SF-36 scores in both groups were significantly increased at 6 
weeks after TKA (P<0.05). Compared with the control group, 

the experimental group had higher SF-36 scores at 6 weeks 
after TKA (P<0.05). These data are shown in Table 5.

No complications related to tDCS or electroacupuncture were 
observed in any patients in the experimental group during 
the treatment period.

Discussion

tDCS is considered to be a promising type of postoperative an-
algesia [11,13]. Electroacupuncture combines acupuncture and 
electrical stimulation, and has been studied for use in childbirth, 
for analgesia, and to improve neuromuscular function [18,19]. 

Scores Experimental group (n=40) Control group (n=40) t P

VAS at rest

	 Day 1 5.37±1.31 5.48±1.41 0.362 0.719

	 Day 3 3.58±1.15 4.32±1.18 2.840 0.006

	 Day 7 2.07±1.10 2.59±1.22 2.002 0.049

	 Week 3 1.31±0.51 2.09±0.77 5.341 <0.001

	 Week 6 0.90±0.24 1.40±0.30 8.231 <0.001

VAS during motion

	 Day 1 5.98±1.51 6.08±1.42 0.305 0.761

	 Day 3 4.38±1.35 5.08±1.38 2.293 0.025

	 Day 7 2.79±0.88 3.35±1.23 2.342 0.022

	 Week 3 1.98±0.79 2.50±0.80 2.306 0.024

	 Week 6 1.77±0.40 2.25±0.62 4.115 <0.001

Table 2. VAS scores in the 2 groups at different time points after TKA.

Values are presented as means±standard deviations. VAS – visual analog scale; TKA – total knee arthroplasty.

Items Experimental group (n=40) Control group (n=40) t P

Maximum knee flexion (°)

	 Preoperative 122.62±5.98 123.23±6.13 0.451 0.654

	 6 weeks after surgery 135.65±7.31* 129.16±7.18* 4.006 <0.001

KOOS scores 

	 Preoperative 73.53±10.17 72.85±10.05 0.301 0.764

	 6 weeks after surgery 97.18±12.17* 88.13±11.89* 3.364 0.001

HSS scores

	 Preoperative 32.75±3.58 31.27±3.96 1.753 0.084

	 6 weeks after surgery 81.58±5.96* 62.38±6.13* 14.203 <0.001

Table 3. Knee function in the 2 groups before and 6 weeks after TKA.

Values are presented as means±standard deviations. TKA – total knee arthroplasty; KOOS – Knee Injury and Osteoarthritis Outcome 
Score; HSS – Hospital for Special Surgery. * Significant difference compared with preoperative condition in the same group (P<0.05).
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In addition, studies have confirmed that electroacupuncture 
can block or reduce pain by regulating the expression of opi-
oids, serotonin, and norepinephrine in the spinal cord and it 
can also increase the expression of endogenous anti-pain sub-
stances to produce central analgesia [25,26]. In the present 
study, we used a novel combination of tDCS and electroacu-
puncture for analgesia after TKA, with the aim of reducing pain 
and improving rehabilitation quality in patients who had un-
dergone the surgery.

The results of the study showed that tDCS plus electroacupunc-
ture had a significant analgesic effect after TKA. Compared with 
the control group, the experimental group had lower VAS score 
on days 3 and 7 and weeks 3 and 6 after TKA, indicating that 
the degree of knee pain was significantly reduced. Previous 
studies by Khedr et al [16] showed that tDCS reduced mor-
phine consumption and pain after TKA, but there was no sig-
nificant difference in VAS between real and sham tDCS. Our 
study, however, showed that VAS scores at different times af-
ter TKA in the experimental group were significantly lower than 
those in the control group, except on the first day after TKA. 
We believe that this may be due to the ability of tDCS with 
electroacupuncture to produce synergistic analgesia. tDCS acts 
on the central nervous system (CNS) and mainly intervenes in 
cortex-cortical and cortex-subcortical synaptic contacts related 
to pain formation to reduce pain [27]. Electroacupuncture, in 
contrast, exerts local analgesic effects by downregulating local 
tissue inflammatory mediators, histamine, and prostaglandins, 
and it has analgesic effects on the spinal cord and CNS [25,26].

Effective pain control significantly improves the quality of post-
operative rehabilitation. The results of our study showed that, 
compared with the control group, the experimental group had 
significantly improved maximum knee flexion and KOOS and 
HSS scores at 6 weeks after surgery and significantly shorter 
time to ambulation and hospital stays. Previous studies have 
shown that controlling pain in patients after TKA results in 
better knee function 6 weeks after surgery [28,29]. Pain also 
is a key factor affecting postoperative mood and QOL in pa-
tients. We found that the experimental group had higher SF-
36 scores 6 weeks after surgery, which indicates that their QOL 
was significantly improved.

In terms of safety, there were no complications related to tDCS 
or electroacupuncture during the trial, which indicates that com-
bining them is safe. Previous studies have shown that tDCS 
is safe in children and pregnant women [30,31]. Also, risk of 
complications such as skin infection or puncture site bleed-
ing with electroacupuncture is low when strict skin disinfec-
tion protocols are followed and the operation and needle in-
sertion are performed by a skilled professional.

The present study was limited as it was performed in a single 
center and had a small sample size. The clinical characteristics 
of patients also may have resulted in selection bias; therefore, 
the ability to extrapolate from the results is limited. This was 
not a randomized controlled trial (RCT); therefore, the efficacy 
of tDCS plus electroacupuncture needs to be verified in a mul-
ticenter, prospective RCT with a large sample size.

Group n Off-bed time (h) Hospital stay (days) 

Experiment group 40 28.36±3.18 4.95±0.72

Control group 40 51.37±5.27 5.78±0.76

t 23.644 5.014

P <0.001 <0.001

Table 4. Time spent out of bed and length of hospital stay in the 2 groups.

Group n
SF-36 scores

Preoperative 6 weeks after surgery

Experiment group 40 39.37±4.27 75.78±8.95*

Control group 40 38.56±4.18 67.95±8.72*

t 0.857 3.963

P 0.394 <0.001

Table 5. SF-36 scores in the 2 groups before and 6 weeks after TKA.

Values are presented as means±standard deviation. SF-36 – Short Form-36 Health Survey; TKA – total knee arthroplasty. * Significant 
difference compared with preoperative condition in the same group (P<0.05).
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Conclusions

The findings from the present study show that tDCS plus elec-
troacupuncture effectively reduces pain following TKA and im-
proves rehabilitation and functional recovery.
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