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nitive changes, decreased muscle power, limited range 
of motion, uncoordinated movements, and alterations 
in sensory integration (7, 8).

Transcutaneous electrical nerve stimulation (TENS) 
has been reported to effect pain control and sensory 
stimulation, increase muscle power and move ment 
function, and decrease spasticity (9). TENS could thus 
be an important adjunctive therapy to improve function-
al ability and decrease spasticity in stroke patients (10). 
Previous studies have demonstrated that supplementa-
tion with TENS can significantly reduce spasticity, and 
improve balance and walking speed (11–13).

In contrast to this promising finding, however, 
some relevant randomized controlled trials (RCTs) 
have shown that TENS does not reduce spasticity 
and increase walking speed (14–16). Considering 
these inconsistent effects, we therefore conducted a 
systematic review and meta-analysis of randomized 
controlled trials (RCTs) to evaluate the influence of 
TENS on spasticity, balance, and walking speed of 
stroke patients.

MATERIAL AND METHODS
This systematic review and meta-analysis was conducted accord-
ing to the guidance of the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) statement (17) and 
the Cochrane Handbook for Systematic Reviews of Interventions 
(18). All analyses were based on previous published studies, and 
thus no ethics approval or patient consent were required.

Literature search and selection criteria

PubMed, Embase, Web of Science, EBSCO, and the Cochrane 
Library were systematically searched from inception to February 
2017, with the following key words: transcutaneous electrical 
nerve stimulation or TENS, and stroke or hemiplegic. 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. The inclusion criteria were as follows: (i) patients with 
stroke who were able to walk independently; (ii) patients under-
went TENS or placebo TENS; and (iii) the study design was RCT.

Data extraction and outcome measures

The following information was extracted for the included RCTs: 
first author, publication year, sample size, baseline characteris-
tics of patients, TENS intervention, control intervention, study 
design, MAS, Timed Up and Go (TUG) test, balance (open 
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Objective: To evaluate the influence of transcuta-
neous electrical nerve stimulation in patients with 
stroke through a systematic review and meta-ana-
lysis.
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 vs placebo transcutaneous electrical nerve sti-
mulation on stroke were included. Two investigators 
independently searched articles, extracted data, and 
assessed the quality of included studies. The prima-
ry outcome was modified Ashworth scale (MAS). Me-
ta-analysis was performed using the random-effect 
model.
Results: Seven randomized controlled trials were in-
cluded in the meta-analysis. Compared with placebo 
transcutaneous electrical nerve stimulation, trans-
cutaneous electrical nerve stimulation supplementa-
tion significantly reduced MAS (standard mean diffe-
rence (SMD) = –0.71; 95% confidence interval (95% 
CI) = –1.11 to –0.30; p = 0.0006), improved static ba-
lance with open eyes (SMD = –1.26; 95% CI = –1.83 
to –0.69; p<0.0001) and closed eyes (SMD = –1.74; 
95% CI = –2.36 to –1.12; p < 0.00001), and in-
creased walking speed (SMD = 0.44; 95% CI = 0.05 
to 0.84; p = 0.03), but did not improve results on the 
Timed Up and Go Test (SMD = –0.60; 95% CI=–1.22 
to 0.03; p = 0.06).
Conclusion: Transcutaneous electrical nerve stimu-
lation is associated with significantly reduced spasti-
city, increased static balance and walking speed, but 
has no influence on dynamic balance.
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Stroke patients commonly experience spasticity 
resulting in decreased balance and significantly 

reduced quality of life (1–3). Decreased bal ance be-
comes ubiquitous in patients with stroke and seriously 
reduces ability to perform activities of daily living 
(4–6), caused mainly by abnormal muscle tone, cog-
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4 S. Lin et al.

attributable to heterogeneity across studies. An I2 value greater 
than 50% indicated significant heterogeneity. Sensitivity ana-
lysis or subgroup analysis was performed to detect the influence 
of a single study on the overall estimate via omitting 1 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 statisti-
cal analyses were performed with Review Manager Version 5.3 
(The Cochrane Collaboration, Software Update, Oxford, UK).

RESULTS

Literature search and study characteristics
The flow chart for the selection process and detailed 
identification was presented in Fig. 1. A total of 923 
publications was identified through the initial search 
of databases. Ultimately, 7 RCTs were included in the 
meta-analysis (11–16, 21).

The baseline characteristics of the 7 eligible RCTs 
in the meta-analysis are summarized in Table I. The 7 
studies were published between 1997 and 2014, and 
sample sizes ranged from 24 to 41 with a total of 214. 
Post-stroke time varied from several days to several 
years. Among the 7 RCTs, 3 studies reported the MAS 
(11, 12, 16), 2 studies reported the Timed Up and Go 
test (12, 13), 1 study reported the balance (open eyes) 
and balance (closed eyes) (12), and 3 studies reported 

eyes), balance (closed eyes), and walking speed. The study 
author was contacted to acquire data when necessary.

The primary outcome was MAS. Secondary outcomes in-
cluded TUG test, balance (open eyes), balance (closed eyes) 
and walking speed.

Quality assessment in individual studies

The Jadad Scale was used to evaluate the methodological quality 
of each RCT (19). This scale consists of 3 evaluation elements: 
randomization (0–2 points), blinding (0–2 points), and drop-outs 
and withdrawals (0–1 points). One point was allocated to each 
element mentioned in the article, and a further point was given 
if the methods of randomization and/or blinding were described 
appropriately and in detail. A point was deducted if methods of 
randomization and/or blinding were inappropriate, or drop-outs 
and withdrawals had not been recorded. The Jadad Scale score 
varied from 0 to 5 points. An article with Jadad Scale score ≤ 2 
was considered to be of low quality. If the Jadad Scale score 
was ≥ 3, the study was considered to be of high quality (20).

Statistical analysis

Standard mean differences (SMD) with 95% confidence in-
tervals (95% CIs) for continuous outcomes (MAS, Timed Up 
and Go test, balance (open eyes), balance (closed eyes), and 
walking speed) were used to estimate the pooled effects. All 
meta-analyses were performed using the 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 in effect size that was 

Table I. Characteristics of included studies

Study 
number Author

TENS group Control group

Jadad 
scoresn

Age, 
years
Mean 
(SD)

Sex 
(male)

Paretic 
side 
(left)

Post-stroke
Mean (SD) Methods and dosage n

Age, 
years
Mean 
(SD)

Sex 
(male)

Paretic 
side (left)

Post-stroke
Mean (SD)

Methods and 
dosage

1 Park et 
al. 2014 
(12)

15 71.20 
(3.46)

12 10 18.66 months 
(2.46) 

30 min of TENS  
(100 Hz, 200 µs, 
2–3 times sensory 
threshold) per day, 
5 days a week for 4 
weeks

14 71.14 
(3.82)

8 8 18.57 months 
(1.74) 

Placebo (non-
stimulation) 
TENS

5

2 Kim et 
al. 2013 
(16)

15 63.3 
(8.30)

9 8 13.6 months 
(4.36) 

30 min of TENS  
(100 Hz, 200 µs, 
2–3 times sensory 
threshold) per day, 
5 days a week for 4 
weeks

15 61.3 
(9.97)

8 6 12.3 months 
(5.26)

Placebo TENS 4

3 Cho et 
al. 2013 
(11)

20 55.2 
(11.49)

14 – 15.0 months 
(4.91) 

60 min of TENS  
(100 Hz, 200 µs, 
2–3 times sensory 
threshold) 

20 55.65 
(8.62)

13 – 13.9 months 
(5.08) 

Placebo TENS 4

4 Yan & 
Hui-Chan 
2009 
(13)

19 68.4 
(9.6)

9 11 9.2 days 
(4.4) 

TENS (100 Hz, 200 
µs) per day, 5 days a 
week for 3 weeks

19 72.8 
(7.4)

10 11 9.9 days 
(2.6) 

Placebo TENS 3

5 Ng & 
Hui-Chan 
2007 
(15)

21 58.4 
(7.1)

16 14 5.0 years 
(3.0) 

60 min of TENS  
(100 Hz, 200 µs, 
2–3 times sensory 
threshold) per day, 
5 days a week for 4 
weeks

20 57.1 
(7.8)

17 10 4.7 years 
(4.1) 

Placebo TENS 4

6 Chen et 
al. 2005 
(21)

12 – – – – TENS (20 Hz, 200 µs) 12 – – – – Placebo TENS 3

7 Burridge 
et al. 
1997 
(14)

16 55.25 
(14.25)

10 7 3.58 years TENS+physiotherapy 16 61.25 
(8.5)

13 8 4.92 years Physiotherapy 3

TENS: transcutaneous electrical nerve stimulation.

www.medicaljournals.se/jrm
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5Influence of TENS on spasticity, balance, and walking speed in stroke patients

the walking speed (12, 14, 15). Jadad scores of the 7 
included studies varied from 3 to 5, and all 7 studies 
were considered to be high-quality ones according to 
quality assessment.

Primary outcome: modified Ashworth scale (MAS)
The MAS was known as a subjective method to measu-
re spasticity. In order to perform the MAS, the patient’s 
ankle was passively extended from maximal plantar 
flexion to the painless range and a score ranging from 
0 to 4 (0, 1, 1+, 2, 3, and 4) was assigned: 0 indicated 
normal or very low muscle tone, and 4 indicated that 
passive extension was not possible. MAS was analysed 

with a random-effects model, the pooled estimate of 3 
included RCTs suggested that TENS supplementation 
significantly alleviated spasticity as shown by reduced 
MAS compared with the control group (SMD = –0.71; 
95% CI = –1.11 to –0.30; p = 0.0006), with no hete-
rogeneity among the studies (I2= 0%, heterogeneity 
p = 0.78) (Fig. 2). 

Sensitivity analysis
No heterogeneity was observed among the included 
studies for the primary outcome (I2 = 0%). Thus, we did 
not perform sensitivity analysis by omitting 1 study in 
each turn to detect the source of heterogeneity.

Secondary outcomes
Dynamic balance was evaluated through the TUG test, 
which measured the time required for a patient to stand 
up from a 46-cm high chair, then walk 3 m, and return 
to the chair. Three repeated measurements were requi-
red. Compared with a control group, TENS supple-
mentation did not alter TUG test scores (SMD = –0.60; 
95% CI = –1.22 to 0.03; p = 0.06; Fig. 3).

Static balance with open eyes or closed eyes inclu-
ded anterior posterior velocity and medial later velo-
city. A TENS group was found to significantly improve 

Fig. 2. Forest plot for the meta-analysis of modified Ashworth scale (MAS). 95% CI: 95% confidence 
interval.

Fig. 3. Forest plot for the meta-analysis of Timed Up and Go (TUG) test. 95% CI: 95% confidence interval.

Fig. 4. Forest plot for the meta-analysis of static balance (eyes open, mm/s). 95% CI: 95% confidence 
interval.

Fig. 1. Flow diagram of study searching and selection process.

Potentially relevant studies 
 in the first search n=923

625 initial included

11 full articles assessed 
for eligibility

7 articles were included

298 duplicates were removed

614 were excluded after 
reading the titles and 
abstracts

4 articles were removed for 
the subjects not being RCT

J Rehabil Med 50, 2018
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6 S. Lin et al.

static balance with open eyes (SMD = –1.26; 95% 
CI = –1.83 to –0.69; p < 0.0001; Fig. 4) and closed eyes 
(SMD = –1.74; 95% CI = –2.36 to –1.12; p < 0.00001; 
Fig. 5), as well as walking speed (SMD = 0.44; 95% 
CI = 0.05 to 0.84; p = 0.03; Fig. 6).

DISCUSSION

A recent meta-analysis pooling the results of 8 clinical 
studies revealed that electric stimulation was effective to 
improve gait speed in stroke patients. However, only 2 
RCTs were included in the analysis. Also, this meta-anal-
ysis focused only on gait speed (22). The current meta-
analysis involved 7 RCTs, and the results clearly suggest 
that TENS supplementation could significantly reduce 
spasticity, improve static balance and walking speed, but 
is not associated with a significant improvement in dy-
namic balance. Regarding the sensitivity analysis, there 
was no heterogeneity for the primary outcome despite 
different intensity, frequency of stimuli, and frequency 
of application. We did not omit one study in each turn of 
the analysis to detect the source of heterogeneity.

Previous studies have reported that TENS can de-
crease spasticity in patients with spinal cord injury (23) 
and chronic stroke (15), and reduce H-reflex size and 
spasticity in patients with hemiplegia (24). A combi-
nation of TENS and an exercise programme resulted 
in improved standing postural control, quadriceps 
and gastrocnemius maintenance, and somatosensory 
function in the lower extremity (25). 

Spasticity was thought to account mainly for de-
creased balance in patients with stroke, multiple scle-
rosis, spinal cord injury, and traumatic brain injury. In 

addition, spasticity was found to trigger spastic move-
ment disorder, slowed gait, disturbances in voluntary 
movement, and reduce passive and active range of mo-
tion, functional ability, and dynamic balance (26–28). 
This meta-analysis confirmed that TENS supplementa-
tion could significantly alleviate spasticity and improve 
static balance compared with placebo TENS. 

Gait is a complex movement including balance, 
coordination, proprioception, and integrated harmony 
between joints and muscles (29). Sensory electrical 
stimulation applied to the Achilles tendon and gastroc-
nemius 6 times per week for one month, led to increased 
speed in stroke patients (21). Our meta-analysis also 
confirmed that TENS in combination with an exercise 
programme could significantly improve walking speed. 
In addition, one included study reported that TENS supp-
lementation could also improve step length, and cadence 
in the affected leg during gait, as well as proprioception 
to each muscle (12). An asymmetrical gait pattern could 
result in decreased speed and balance, increased double 
stance, and short step length in most stroke patients (30).

Several limitations should be taken into account. 
Firstly, the analysis was based on only 7 RCTs, all with 
a relatively small sample size (n < 100). Overestima-
tion of the treatment effect was more likely in smaller 
trials compared with larger samples. The post-stroke 
time ranged from several days to several years and the 
intensity, frequency of stimuli, and frequency of appli-
cation were different in the included RCTs. Two RCTs 
involved 30 min of TENS (100 Hz, 200 µs, 2–3 times 
sensory threshold) per day, 5 days a week for 4 weeks 
(12, 16), 1 RCT involved 60 min of TENS (100 Hz, 
200 µs, 2–3 times sensory threshold) per day, 5 days a 

Fig. 6. Forest plot for the meta-analysis of walking speed (m/s). 95% CI: 95% confidence interval.

Fig. 5. Forest plot for the meta-analysis of static balance (eyes closed, mm/s). 95% CI: 95% confidence 
interval.

www.medicaljournals.se/jrm
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7Influence of TENS on spasticity, balance, and walking speed in stroke patients

week for 4 weeks (15), 1 RCT involved 60 min of TENS 
(100 Hz, 200 µs, 2–3 times sensory threshold) (11), 1 
RCT involved TENS (100 Hz, 200 µs) per day, 5 days 
a week for 3 weeks (13), and 1 RCT involved TENS 
(20 Hz, 200 µs) (21). These 2 factors may have had an 
influence on the pooling results of this meta-analysis. 
The mechanisms mediating the impact of TENS on 
stroke remain elusive. Finally, some unpublished and 
missing data might biased the pooled effect.
In conclusion, TENS is associated with significantly 
reduced spasticity, and improved static balance and 
walking speed in stroke patients, but has no influence 
on dynamic balance. TENS is recommended for use in 
patients with stroke.
The authors declare no conflicts of interest.
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