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Introduction: Transcutaneous electrical nerve sti-
mulation is a possible adjunctive therapy to phar-
macological treatment for controlling pain after total 
knee arthroplasty. However, the results are contro-
versial. A systematic review and meta-analysis was 
conducted to explore the effect of transcutaneous 
electrical nerve stimulation on patients with total 
knee arthroplasty.
Methods: PubMed, Embase, Web of Science, EBSCO, 
and Cochrane Library databases were searched sys-
tematically. Randomized controlled trials assessing 
the effect of transcutaneous electrical nerve stimu-
lation on patients with total knee arthroplasty were 
included. Two investigators independently searched 
articles, extracted data, and assessed the quality of 
included studies. Primary outcome was visual ana-
logue scale (VAS) score over a period of 24 h. Meta-
analysis was performed using a random-effect model. 
Results: Six randomized controlled trials involving 
529 patients were included in the meta-analysis. 
Overall, compared with control intervention, trans-
cutaneous electrical nerve stimulation supplemen-
tation intervention was found to significantly re-
duce VAS scores and total postoperative morphine 
dose over a period of 24 h, and to improve active 
range of knee motion (standard mean differen-
ce (SMD) = 0.37; 95% confidence interval (95% 
CI) = 0.06–0.68; p = 0.02), but had no effect on VAS 
scores at 2 weeks (SMD = 0.20; 95% CI = –0.07 to 
0.48; p = 0.15).
Conclusion: Compared with control intervention, 
transcutaneous electrical nerve stimulation supp-
lementation intervention was found to significantly 
reduce pain and morphine requirement over a period 
of 24 h and to promote functional recovery in pa-
tients who have undergone total knee arthroplasty. 

Key words: transcutaneous electrical nerve stimulation; total 
knee arthroplasty; adjunctive therapy; pain control; meta-
analysis. 
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Total knee arthroplasty (TKA) is widely accepted 
as the most common approach to improve function 

and control pain for patients with degenerative knee 
osteoarthritis (OA) (1, 2). However, rehabilitation 
exercises (e.g. flexion/extension of the knee) can be 
very painful and severe pain may lead to poor fun-
ctional recovery (3–5). Pharmacological treatment is 
ineffective for controlling severe pain during rehabi-
litation (6, 7).

Transcutaneous electrical nerve stimulation (TENS) 
is reported to be efficacious for better pain management 
when used as a supplement to pharmacological analge-
sia during rehabilitation exercises. Both the peripheral 
and the central nervous systems are involved in the 
analgesic action of TENS through activating endoge-
nous inhibitory mechanisms of opioid receptors in the 
central nervous system (8–11), and reducing central 
neurone sensitization and primary and secondary me-
chanical hyperalgesia (12, 13). 

Previous studies have shown that TENS can reduce 
postoperative movement pain after various surgeries 
(8, 14). TENS has been reported to have important 
capability for pain relief and functional recovery after 
TKA (15, 16). In contrast to this promising finding, 
however, accumulating RCTs have shown that TENS 
has no influence on pain control and function improve-
ment (17, 18). In order to elucidate these inconsistent 
results, a systematic review and meta-analysis of RCTs 
was conducted to investigate the influence of TENS 
on patients with TKA.

This systematic review and meta-analysis were 
conducted according to the guidelines of the Preferred 
Reporting Items for Systematic Reviews and Meta-
analysis statement (19) and the Cochrane Handbook 
for Systematic Reviews of Interventions (20). 

Literature search and selection criteria
PubMed, Embase, Web of Science, EBSCO, and the Cochrane 
Library were systematically searched from inception to January 
2017, with the following key words: transcutaneous electrical 
nerve stimulation or TENS, and total knee arthroplasty or TKA 
or total knee replacement or TKR. No limitations were set. To 
include additional eligible studies, the reference lists of retrieved 
studies and relevant reviews were also hand-searched and the 
process above was performed repeatedly until no further article 
was identified. Conference abstracts meeting the inclusion 
criteria were also included.

Inclusion criteria were: study population, patients with TKA; 
intervention, TENS; control, placebo; outcome measure, visual 
analogue scale (VAS) scores during 24 h; and study design, RCT.

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2273&domain=pdf
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701Effect of TENS for pain control after TKA

Data extraction and outcome measures

The following information was extracted for the included RCTs: 
first author, publication year, sample size, baseline characteristics 
of patients, TENS intervention, control, study design, VAS scores 
during 24 h, total postoperative morphine dose over a period of 24 
h, VAS scores and active range of knee motion (°) at 2 weeks. The 
author would be contacted to acquire the data when necessary.

The primary outcome was VAS scores during 24 h. Secondary 
outcomes included total postoperative morphine dose over a 
period of 24 h, VAS scores and active range of knee motion 
(°) at 2 weeks.

Quality assessment in individual studies

The Jadad scale was used to evaluate the methodological quality 
of each RCT included in this meta-analysis (21). This scale 
consisted of 3 evaluation elements: randomization (0–2 points), 
blinding (0–2 points), drop-outs and withdrawals (0–1 points). 
One point would be allocated to each element if they have been 
mentioned in article, and another point would be given if the 
methods of randomization and/or blinding had been detailed 
and appropriately described. If methods of randomization and/
or blinding were inappropriate, or drop-outs and withdrawals 
had not been recorded, then 1 point was deducted. The score of 
Jadad scale varies from 0 to 5 points. An article with Jadad score 
≤ 2 was considered to be of low quality. If the Jadad score was 
≥ 3, the study was thought to be of high quality (22).

Statistical analysis

Standard mean differences (SMDs) with 95% confidence inter-
vals (95% CIs) for continuous outcomes (VAS scores during 24 
h, total postoperative morphine dose over a period of 24 h, VAS 
scores and active range of knee motion (°) at 2 weeks) were used 
to estimate the pooled effects. All meta-analyses were perfor-
med using random-effects models with DerSimonian and Laird 
weights. Heterogeneity was tested using the Cochran Q statistic 
(p < 0.1) and quantified with the I2 statistic, which described the 
variation of effect size that was attributable to heterogeneity 
across studies. An I2 value greater than 50% indicated significant 
heterogeneity. Sensitivity analysis was performed to detect the 
influence of a single study on the overall estimate via omitting one 
study in turn when necessary. Owing to the limited number (< 10) 
of included studies, publication bias was not assessed. p <0.05 in 
2-tailed tests was considered statistically significant. All statistical 
analyses were performed with Review Manager Version 5.3 (The 
Cochrane Collaboration, Software Update, Oxford, UK) or Stata 
12.0 software (StataCorp, College Station, TX, USA).

RESULTS

Literature search, study characteristics and quality 
assessment
The flow chart for the selection process and detailed 
identification is shown in Fig. 1. A total of 306 publi-

cations were identified through the initial search of 
databases. Ultimately, 6 RCTs were included in the 
meta-analysis (4, 15–18, 23).

The baseline characteristics of the 6 eligible RCTs 
in the meta-analysis are summarized in Table I. The 4 
studies were published between 2003 and 2014, and 
sample sizes ranged from 30 to 246, with a total of 529. 
The follow-up time varied from 24 h to 9.5 months. 

Among the 6 RCTs, 2 studies reported VAS scores 
during 24 h (15, 16), 2 studies reported total postope-
rative morphine dose over a period of 24 h (16, 18), 2 
studies reported VAS scores and active range of knee 
motion (°) at 2 weeks (15, 17). Jadad scores of the 6 
included studies varied from 3 to 4, all 6 studies were 
considered to be high-quality according to quality 
assessment.

Primary outcome: VAS scores over a period of 24 h
These 2 outcome data were analysed with a random-
effects model, the pooled estimate of the 2 included 
RCTs suggested that, compared with control group, 
TENS intervention was associated with a significantly 
decreased VAS scores over a period of 24 h (standard 
mean difference = –0.47; 95% CI = –0.87 to –0.08; 
p = 0.02), with no heterogeneity among the studies 
(I2 = 0%, heterogeneity p = 0.79) (Fig. 2). 

Sensitivity analysis
No heterogeneity was observed among the included 
studies for VAS scores over a period of 24 h. Thus, we 
did not perform sensitivity analysis by omitting one 
study in each turn to detect the source of heterogeneity.

Fig. 2. Forest plot for meta-analysis 
of visual analogue scale (VAS) scores 
during 24 h. SD: standard deviation; 
TENS: transcutaneous electrical 
nerve stimulation; 95% CI: 95% 
confidence interval.

Fig. 1. Flow diagram of study searching and selection process. RCT: 
randomized controlled trial. 

Potentially relevant studies 
 in the first search n=306

209 initial included

8 full articles assessed for 
eligibility

6 articles were included

97 duplicates were removed

201 were excluded after 
reading the titles and 
abstracts

2 articles were removed for 
the subjects not being RCT

J Rehabil Med 49, 2017
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702 Y. Zhu et al.

tion, TENS supplementation showed no significant 
influence on VAS scores at 2 weeks (SMD = 0.20; 
95% CI = –0.07 to 0.48; p =0.15; Fig. 4), but showed 
better active range of knee motion (SMD = 0.37; 95% 
CI = 0.06 to 0.68; p = 0.02; Fig. 5).

Secondary outcomes
Total postoperative morphine dose in the TENS group 
was found to be significantly lower than in the con-
trol group (SMD = –0.81; 95% CI = –1.44 to –0.18; 
p = 0.012; Fig. 3). Compared with control interven-

Table I Characteristics of included studies

Author

TENS group Control group

TENS parameters Follow-up
Jada 
score

Patient
n

Age, years
Mean (SD)

Male 
(n)

BMI, kg/m2

OR weight, kg
Mean (SD)

Patient
n

Age, years
Mean (SD) 

Male 
(n)

BMI, kg/m2

OR weight, kg
Mean (SD)

Zhang et 
al. 2014 
(15)

30 70.33 (6.46) 9 71.13 (6.53) kg 30 66.97 (8.71) 11 69.40 (6.14) kg Continuous frequency of 
80–120 Hz, placed above 
and below the medial 
and lateral sides of knee 
incision

2 weeks 3

Rakel et 
al. 2014 
(4)

122 63 (9.7) 57 34 (6.7) kg/m2 124 62 (9.7) 58 34 (6.7) kg/m2 Continuous frequency 
of 150 pps with pulse 
duration of 150 μs, 20 min 
prior to exercise, placed 
around the knee incision 
approximately 2 inches 
from the proximal and 
distal ends of the surgical 
incision.

6 weeks 4

Zheng et 
al. 2011 
(17)

52 64.12 (8.07) 11 27.00 (3.83) kg/m2 52 63.44 (8.80) 12 26.26 (3.21) kg/m2 Frequency 100 Hz, pulse 
width fixed at 200 μs for 
15 min, placed at the sites 
of knee pain, maximum 
tolerable intensity

9.5 months 4

Wang et 
al. 2005 
(16)

21 70.1 (7.8) 15 62.6 (11.8) kg 21 65.6 (9.5) 17 61.5 (13.2) kg Frequency 100 Hz, pulse 
width fixed at 200 μs, 
placed at the acupoints of 
lateral knee eye, Zusanli, 
Yin ling quan, yangling 
quan

60 min 3

Breit et al. 
2004 (18)

25 75.4 12 – 22 72.2 8 – 4 pads applied on either 
side of the surgical wound, 
2 above and 2 below knee

24 h 4

Avramidis 
et al. 2003 
(23)

15 68.20 (10.59) 5 – 15 71.20 (7.83) 3 – Frequency 40 Hz, a 
pulse width fixed at 300 
μs, maximum tolerable 
intensity, vastus medialis 
and lateral side of thigh

6 weeks 3

PCA: patient-controlled analgesia.

Fig. 3. Forest plot for meta-analysis of total postoperative morphine dose over a period of 24 h. TENS: transcutaneous electrical nerve stimulation; 
95% CI: 95% confidence interval.

www.medicaljournals.se/jrm
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703Effect of TENS for pain control after TKA

DISCUSSION

This meta-analysis shows that, compared with control 
intervention, TENS supplementation intervention was 
associated with a significantly reduced VAS scores and 
total postoperative morphine dose at 24 h, but had no 
influence on VAS scores at 2 weeks. This indicates that 
TENS supplementation could substantially promote 
immediate pain relief following TKA, but has no effect 
on pain control over a relatively long follow-up after 
TKA. This may be due to pain intensity remaining 
at a low level over the follow-up. Furthermore, this 
low-intensity pain may not affect the functional per-
formance of knee movement exercise and the quality 
of life of patients.

In addition, TENS supplementation intervention was 
found to significantly improve function of knee move-
ment, as shown by active range of knee motion. One 
included study reported that, approximately 9 months 
post-operation, TENS supplementation resulted in a 
significantly increased knee injury and osteoarthritis 
outcome score (KOOS), suggesting its ability to im-
prove knee function over long-term follow-up (17). To 
the best of our knowledge, this is the first meta-analysis 
of the treatment efficacy of TENS supplementation 
for TKA.

Another included study reported that patients with 
low trait anxiety in a TENS group had a significant 
decrease in range-of-motion pain (4), which was con-
sistent with 1 RCT (24). Our meta-analysis suggested 
that less morphine was required for patients receiving 
TENS than for those receiving placebo-TENS. These 
results indicate that psychological factors and TENS 
determine the intensity of pain after surgery and pa-
tients with low trait anxiety could benefit more from 
TENS treatment. In addition, high-frequency TENS 
with a strong amplitude (30–40 mA) was reported 
to significantly reduce pain after quadriceps femoris 
contraction and to promote muscle contraction (18, 
25). However, TENS amplitude (or dose) may have 
no influence on outcome data (4).

There are several limitations to this systematic 
review and meta-analysis that should be taken into ac-
count. Firstly, the analysis was based on only 6 RCTs, 
4 of which had a relatively small sample size (n < 100). 
Overestimation of the treatment effect is more likely 
in smaller trials compared with larger samples. The 
included studies had different intensities of TENS and 
follow-up times, which may have affected the pooled 
results. In addition, the influence of ethnic diversity 
on the treatment efficacy of TENS remains unknown. 
Finally, some unpublished and missing data may have 
biased the pooled effect.

In conclusion, TENS supplementation intervention 
showed an important ability to reduce immediate pain 
after TKA and facilitated the recovery of knee function. 
It is recommended that TENS supplementation is used 
for patients with TKA, although further studies are 
needed to determine the optimal duration time and 
intensity of TENS.
The authors declare no conflicts of interest.
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