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Aims: To evaluate the effectiveness of transcutaneous electrical nerve stimulation (TENS)
on diabetic peripheral neuropathy (DPN).
Methods: Randomized controlled trials (RCTs) comparing TENS with routine care, pharma-
cological interventions or placebo devices on patients with symptomatic DPN, were identi-
fied by electronic and manual searches. Studies were selected and available data were
extracted independently by two investigators. Meta-analysis was performed by RevMan
4.2.8 software.
Results: Three RCTs involving 78 patients were included in this study. The reductions in
mean pain score were significantly greater in TENS group than in placebo TENS group in 4
weeks and 6 weeks follow-up [4 weeks, SMD-5.37, 95% CI (-6.97, —3.77); 6 weeks, SMD-1.01,
95% CI (—2.01, —0.01)], but not in 12 weeks follow-up [SMD-1.65, 95% CI (—4.02, 0.73)]. TENS
therapy was associated with significantly subjective improvement in overall neuropathic
symptoms in 12 weeks follow-up [WMD-0.18, 95% CI (—0.32, —0.051)]. No TENS-related
adverse events were registered in TENS group.
Conclusions: TENS therapy may be an effective and safe strategy in treatment of sympto-
matic DPN. Due to small sample and short-term treatment duration, large multi-centre
RCTs are needed to further evaluate the long-term effect of TENS on DPN.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

DPN is an independent risk factor for diabetic foot which is
responsible for 50-75% of non-traumatic amputations [4]. It is

Diabetic peripheral neuropathy (DPN), which is a common
complication of diabetes, accounts for 12.3% at original
diagnosis of diabetes and 30-50% after 12 years history of
diabetes [1,2]. Up to 20% of patients with DPN have symptoms
such as chronic pain, hyperalgesia or numbness in the distal
limbs [3], which severely impair their life quality. Furthermore,
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reported that the annual cost of DPN together with its
complications in the US varies between 4.6 billion and 13.7
billion dollars accounting for 27% of the direct medical cost of
diabetes [5].

Tricyclic antidepressants, currently the first-line agent for
the treatment of painful DPN, are effective in only 50% of
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patients, while on the hand imposing adverse effects on 60-80%
of patients, resulting in some patients to withdraw from
treatment [6].

Transcutaneous electrical nerve stimulation (TENS) is a
therapy in which units stimulate peripheral nerves via skin
surface electrodes, which are placed on the lower extremities
according to the distribution of nerve fibres, at well tolerated
intensities and are capable of being self-administered.
Recently small sample clinical trials have evaluated the effect
of TENS on painful DPN, however, the results were incon-
sistent across trials. In this study, we performed a meta-
analysis of all relevant randomized controlled trials (RCTs) to
evaluate the effect of TNES therapy on symptomatic DPN.

2. Method
2.1. Search strategy

Electronic databases including PubMed, EMBase, Cochrane
central register of controlled trials (2nd Quarter 2009), CINAHL,
BIOSIS Previews, physical therapy, pain research at oxford, the
Journal of the American Physical Therapy Association web sites
and Chinese Biomedical Database were searched in the 1980~
2009 time period by using the Mesh and text keywords: random;
diabetic peripheral neuropathy; pain and transcutaneous electric nerve
stimulation. References from these trials were scrutinized to
reveal additional citations. In addition; Conference Proceedings
from American Diabetes Association; the European Association
for the Study of Diabetes; and the supplements of American
Journal of Physical Medicine and Rehabilitation; Archives of
Physical Medicine and Rehabilitation; Clinical Rehabilitation;
Pain were also searched. There were no limitations in languages
and publications.

2.2. Criteria for study selection

Studies considered for inclusion met the following criteria: (i)
type of study design was RCTs; (ii) type of participants were
patients with symptomatic DPN; (iii) type of intervention was
TENS therapy compared with routine care, pharmacological
interventions or placebo devices; (iv) type of outcome measures
included pain relief, overall neuropathic symptoms and adverse
effects. RCTs concerned with invasive approaches such as
electrical spinal-cord stimulation and acupuncture were
excluded. All types of TENS machines were included in this
study.

2.3. Outcome measures

The primary outcome measure was pain relief. The secondary
outcome measures of interest were subjective improvements
in overall neuropathic symptoms, including hyperalgesia,
numbness and quality of life. The adverse effects were also
analyzed.

2.4. Data extraction

Data were extracted independently by 2 investigators.
Discrepancies were resolved by consensus or a third author

adjudication. The following data were extracted from each
included study: data regarding patient demographics, infor-
mation about study design (methods of random, blind,
allocation concealment and follow-up), interventions in each
group and outcome measures of interest.

2.5.  Statistical analysis

We referred to the guidelines of the Cochrane Handbook for
Systematic Reviews of Interventions 4.2.5 [7] in this meta-
analysis. Results were expressed as relative risk (RR) with 95%
confidence intervals (CIs) for dichotomous outcomes. As for
continuous outcomes, if unit of measurement was consistent
across trials, results were presented as weighted mean
difference (WMD) with 95% CIs, and if inconsistent, results
were expressed as standard mean difference (SMD) with 95%
CIs. Heterogeneity across trials was assessed via a standard
Chi square test with significance beingset at P < 0.10 and also
assessed by means of I? statistic with significance being set at
> 50%. Random effects model was used for statistical
analysis due to wide clinical and methodological variability
across the trials. Statistical analysis was performed using
Review Manager 4.2.8 (The Cochrane Collaboration, Oxford,
England). A value of P<0.05 was considered statistically
significant.

3. Results
3.1.  Study selection

Three trials [8-10] with 78 patients were identified for
inclusion from 130 potentially relevant publications. Five
other RCTs [11-15] were excluded: one RCT [11] compared
TENS therapy with high frequency external muscle stimula-
tion; outcome measures in one RCT [12] did not meet with the
inclusion criteria; the other three RCTs [13-15] applied
invasive treatment such as electrical spinal-cord stimulation
and percutaneous electrical nerve stimulation.

3.2.  Baseline characteristics and study quality

Table 1 summarizes baseline characteristics and the assess-
ment of study quality in accordance with CONSORT statement
[16]. The confounding factors were well balanced in each arm.
Male patients accounted for 43.8%.

3.3.  Mean pain score reduction

Three RCTs [8-10] compared the effectiveness of TENS therapy
on mean pain score reduction in patients with symptomatic
DPN with inactive stimulation. The reductions in mean pain
score were significantly greater in TENS group than in placebo
TENS group in 4 weeks and 6 weeks follow-up [4 weeks, SMD-
5.37, 95% CI (—6.97, —3.77); 6 weeks, SMD-1.01, 95% CI (-2.01,
—0.01)], but not in 12 weeks follow-up [SMD-1.65, 95% CI (—4.02,
0.73)] (Fig. 1).

Kumar et al’s study [9] showed that TENS therapy was
effective in relief of pain in patients who failed to respond to
amitriptyline. Besides, TENS in combination with amitriptyline
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Table 1 - Baseline characteristics and study quality.

Study Kumar [8] Kumar [9] Forst [10]
No. of patients, n

Total 31 23 24

TENS group 18 14 13

Placebo TENS group 13 9 11
Age (years)

TENS group 53+4 59+2 57.6 £ 11.5

Placebo TENS group 59+3 58 +4 59.4 + 8.6
Sex(F/M), n

TENS group 11/7 10/4 6/6

Placebo TENS group 8/5 3/6 3/4
Duration of DM (years)

TENS group 9+2 8+1 159483

Placebo TENS group 12+2 7+2 18.4 +£11.0
Duration of DPN (months)

TENS group 16+3 22+6 =

Placebo TENS group 22+ 4 2145 -
BMI (kg/m?) = = =

TENS group 29.2+£29 324+1.8 =

Placebo TENS group 30.5+9.8 324429 -
Intervention

TENS group TENS: 0-4 w:amitriptylin TENS:30 min d ! x

30mind ' x 4w
(pulse width 4 ms, >2 Hz)

Placebo TENS group Placebo

Outcome measures 1. Pain score®

2. Subjective improvement

in overall neuropathic

symptoms®
Study quality

Reporting of randomization Y

Generation of random sequence Unclear
Allocation concealment Unclear
Blinding Patient-blind
Completeness of follow-up Y

Description of withdrawals -

ITT -

4-16 w: TENS + amitriptylin
16-20 w:amitriptylin

(TENS: pulse width

4 ms, 2-70 Hz;)

Placebo

1. Pain score®

2. Subjective improvement
in overall neuropathic
symptoms®

Y
Unclear

Unclear

Patient and
investigator-blind
Y

12 w(4 Hz/280 ps; 5-70 mA)

Placebo

1.Pain score®

2. Subjective improvement
in overall neuropathic
symptomsb

. Sensory nerve threshold

w

Y

Computer generated
randomization list
Unclear
Double-blind

N
Y
Yes

DM: diabetes mellitus; DPN: diabetic peripheral neuropathy; Y: yes; N: no.

@ Graded on a scale of 0-5.
® Visual analogue scale and NTSS-6-score.

produced more pain relief than TENS therapy only (36% vs.
16.6%).

3.4. Overall neuropathic symptoms

In Kumar et al’s study [8,9], patients were questioned for
subjective improvements in overall neuropathic symptoms
using scale. TENS therapy was associated with a significantly
subjective improvement in overall neuropathic symptoms
compared with inactive stimulation [WMD-0.18, 95% CI (—0.32,
—0.051)] (Fig. 2).

In addition, Forst et al.’s study [10] showed that more
patients in TENS group reported subjective improvement in

overall neuropathic symptoms compared with placebo TENS
group (70% vs. 29%). Moreover, 100% patients in TENS group
would recommend TENS therapy to other patients with the
same symptoms of DPN.

3.5.  Sensory nerve thresholds

Forst et al.’s study [10] evaluated the effectiveness of TENS
therapy on sensory nerve thresholds compared with inactive
stimulation. It showed that sensory nerve thresholds were
comparable between two groups, although there was a
tendency towards improvement in the heat, cold and heat
pain perception threshold in the TENS group.
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Review:
Comparison;
Outcome:

TENS for symptomatic diabetic neuropathy
01 TENS for pain
08 TEMNS versus sham

Study Treatment Cortrol
or sub-category M Mean (S0) M

Mean (SD)

SMD (random) SMD (random)
95% Cl 95% CI

01 4 weeks

Kumar D 1997 18 =-1.73{0.22) 13
Subtotal (95% CI) 18 13
Test for heterogeneity: not applicable
Test for overal effect: Z = 6.58 (P = 0.00001)

02 B weeks

Forst T 2004(5 wks) 1z -4.20{4.40) 7
Subtotal (95% Cl) 1z 7
Test for heterogeneity: not applicable
Test for overall effect: 2 =198 (P =005)

0312 weeks
Kumar D 1993 14 -1.80{0.30) 3
Farst T 2004(12 wks) 12 -3.20{2.60)
Subtotal (95% CI) z6 18
Test for heterogensity: Chi?=9.24, df =1 (P = 0.002), 7= 89.2%
Test tor overall effect: Z=136(P=017)

Tatal (95% CI) =3 36
Test for heterogeneity: Chi?= 32.05, df =3 (P =0.00001), 17= 90 6%
Test for overall effect =244 (P=001)

-0.54(0.21)

0.50(4.50)

-0.30(0.20)
-1.10(&.20)

—— -5.37 [-6.97, -3.77]
R -5.37 [-6.97, -3.77]

- -1.01 [-2.01, -0.01]
< -1.01 [-2.01, -0.01]

-Z.89 [-4.13, -1.85]
= -0.47 [-1.42, 0.48]
[-4

i -1.65 .0z, 0.73)

e -2.35 [-4.24, -0.46]

-10 -5 1] s 10

Favours treatment Favours cortral

Fig. 1 - Mean pain score reduction.

3.6.  Adverse effects

TENS was well tolerated and no treatment-related adverse
events were registered in TENS group. Kumar et al.’s study [9]
reported that 5 patients in placebo TENS group could not
tolerate amitriptyline due to amitriptyline-induced sedation,
even at a reduced dose of 25 mg/d.

4, Discussion

This meta-analysis demonstrated that TENS therapy had
beneficial effect on pain relief in patients with DPN in 6 weeks
follow-up and overall neuropathic symptoms in 12 weeks
follow-up. TENS therapy was well tolerated and no TENS-
related adverse effects were reported in these three RCTs.

TENS therapy was effective in relief of pain in 6 weeks
follow-up. Kumar et al. [8,9] reported that 16.6-36% of patients
in TENS group even had complete pain relief. Furthermore,
TENS therapy was effective in relief of pain in patients who
failed to respond to amitriptyline. In addition, TENS in
combination with amitriptyline produced more pain relief
than TENS therapy alone (36% vs. 16.6%) [9]. This suggested
that TENS may be an effective adjunctive therapy for
treatment of symptomatic DPN. It is may be due to small
sample size that TENS had insignificant effect on pain relief in
12 weeks follow-up. At present, the long-term effect of TENS
on pain relief was still controversial. A systematic review,
which focused on TENS for chronic pain, indicated that few
studies evaluated the long-term analgesic effectiveness of
TENS and the long-term effectiveness of TENS in the manage-
ment of chronic pain was still uncertain [17]. Large multi-
centre RCTs are required to assess the long-term effectiveness
of TENS in the management of pain related to DPN.

In this study, most participants performed TENS therapy
under low frequency stimulation (24 Hz). However, the effect

of different stimulation parameters of TENS on pain related to
DPN has not been studied. Experimental study, which
observed the effects of TENS with low frequency (2 Hz) and
high frequency (100 Hz) on the chronic inflammatory pain in
rats, determined that repeated 100Hz TENS was more
effective on pain relief than that of 2 Hz TENS [18]. A clinical
study, which evaluated the effect of the different frequency of
the electrical stimulus of TENS on the postoperative pain,
illustrated that TENS at mixed (2 Hz and 100 Hz) frequencies of
stimulation produced a slightly greater analgesic effect than
either low (2 Hz) or high (100 Hz) frequencies alone [19]. It
implies that the stimulation frequency played an important
role in TENS treatment. A RCT, which evaluated the effects of
varying frequency, intensity and stimulation site, of TENS in
an experimental model of pain, indicated that only TENS with
high frequency and high intensity achieved significantly
clinical hypoalgesic effects [20]. It means that the role of
TENS frequency and intensity is pivotal to achieving optimal
hypoalgesic effects. However, it was inconsistent across trials
about the effect of different parameters of TENS on pain. A
clinical trial, which examined the optimal stimulation
frequency of TENS in reducing pain due to knee osteoarthritis,
indicated that 2 weeks of repeated applications of TENS at
2 Hz, 100 Hz or 2/100 Hz produced similar treatment effects for
people suffering from osteoarthritic knee [21]. It is still
unknown whether there is an optimal stimulation parameter
of TENS for pain relief in patients with DPN. Large multi-centre
RCTs are needed to evaluate different stimulation parameters
of TENS for pain relief in patients with DPN.

The physiological mechanisms whereby TENS relieves pain
are uncertain. Experimental study has demonstrated that
electrical stimulation could improve endoneurial blood flow
and normalize deficits in nerve conduction velocity [22].
Several clinical studies showed that a good clinical response
with improvement of peripheral circulation was achieved in
the stimulated field, and that may be related to the increased
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Fig. 2 - Subjective improvement in overall neuropathic symptoms.

endogenous opioid-like substances (e.g. endorphins, ence-
phalin) within the central nervous system [12,23], which
inhibit the transmission of painful stimuli by closing the ‘gate’
to pain transmission by C fibres [24]. A clinical trials, which
evaluated the effects of TENS on CO, laser evoked potentials in
16 normal subjects, demonstrated that TENS significantly
reduced the subjective rating of heat stimuli and the laser
evoked potentials amplitude [25]. Forst et al.’’s study [10]
showed that there was a tendency towards an improvement in
the heat, cold and heat pain perception threshold in the TENS
group.

Our study reveals that TENS therapy was associated with
significantly subjective improvement in overall neuropathic
symptoms in 12 weeks follow-up. However, the long-term
effect of TENS therapy on overall neuropathic symptoms was
still uncertain. Julka et al’s study [26], which observed the
effect of TENS therapy on 82 diabetic patients with neuro-
pathic symptoms, has demonstrated that TENS therapy
provided continuous advantage in neuropathic symptoms
for average 1.7 years. It means that TENS therapy may have
long-term effect on neuropathic symptoms.

TENS therapy was well tolerated and no TENS-related
adverse effects were reported in these three RCTs. Forst
et al’s study [10] reported that 100% participants in TENS
group would like to recommend TENS therapy to other
patients with the same disease. In other clinical trials related
to TENS therapy, only a few mild adverse effects such as skin
irritation were reported in TENS group [27]. These suggested
that as a non-invasive treatment, TENS therapy may be a safe
complementary approach in treatment of patients with
symptomatic DPN.

The present study has several potential limitations. First,
only three RCTs were included in this meta-analysis and the
sample size was small. Second, although the patients’ baseline
has no significantly different, the mean duration of diabetic
and DPN was variant in a certain. At the same time, the
duration of therapy and the criteria of pain grading were
different among trials. Third, two RCTs were performed in the
same medical centre. Fourth, publication and language bias
may be existed although a comprehensive search was
performed. Finally, the long-term efficacy of TENS therapy
was still uncertain because the study period was short. We
minimized the likelihood of bias and drew objective conclu-
sions as far as possible by developing a detailed protocol in
advance, by performing a comprehensive search for published
and unpublished trials, by applying explicit methods for study
selection, data extraction, and data analysis, and by critically
appraising study quality.

5. Conclusions

In conclusion, TENS therapy may be an effective and safe
strategy in treatment of symptomatic DPN. The published
trials do not provide information on the stimulation para-
meters which are most likely to provide optimum pain relief,
nor do they answer questions about long-term effectiveness.
Large multi-centre RCTs, are still warranted to further
evaluate the optimal stimulation parameters and long-term
effect of TENS on DPN.
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