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Abstract Aims/hypothesis: Diabetic distal symmetrical
sensory polyneuropathy (DSP) affects 20–30% of diabetic
patients. Transcutaneous electrical nerve stimulation (TENS)
and electrical spinal cord stimulation have been proposed as
physical therapies. We performed a controlled, randomised
pilot trial to compare the effects of high-frequency external
muscle stimulation (HF) with those of TENS in patients
with symptomatic DSP. Methods: Patients with type 2 diabetes and DSP (n=41) were randomised to receive treatment
with TENS or HF using strata for non-painful (n=20) and
painful sensory symptoms (n=21). Both lower extremities
were treated for 30 min daily for three consecutive days.
The patients’ degree of symptoms and pain were graded
daily on a scale of one to ten, before, during and 2 days after
treatment termination. Responders were defined by the alleviation of one or more symptoms by at least three points.
Results: The two treatment groups were similar in terms of
baseline characteristics, such as age, duration of diabetes,
neurological symptoms scores and neurological disability
scores. The responder rate was significantly higher (p<0.05)
in the HF group (80%, 16 out of 20) than in the TENS group
(33%, seven out of 21). Subgroup analysis revealed that HF
was more effective than TENS in relieving the symptoms
of non-painful neuropathy (HF: 100%, seven out of seven;
TENS: 44%, four out of nine; p<0.05) and painful neuropathy (HF: 69%, nine out of 13; TENS: 25%, three out
of 12; p<0.05). The responders did not differ in terms of
the reduction in mean symptom intensity during the trial.
Conclusions/interpretation: This pilot study shows, for the
first time, that HF can ameliorate the discomfort and pain
associated with DSP, and suggests that HF is more effective
than TENS. External muscle stimulation offers a new therapeutic option for DSP.
L. Reichstein . S. Labrenz . D. Ziegler . S. Martin (*)
German Diabetes Clinic, German Diabetes Center,
Leibniz Institute, Heinrich-Heine-University Düsseldorf,
Auf’m Hennekamp 65,
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Tel.: +49-211-33821
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stimulation . TSS: total symptom score

Introduction
Diabetic distal symmetrical sensory polyneuropathy (DSP)
affects approximately 20–30% of the hospital-based type 2
diabetic population and 20% of community-based samples
of diabetic patients [1, 2]. Neuropathic symptoms can be
categorised as being positive or negative, based on spontaneous sensory symptoms or decreased responsiveness to
stimuli, respectively [3]. There are numerous types of positive sensory symptoms, and it has been suggested that they
should be divided into painful and non-painful categories
[3]. Because the aetiology of DSP in humans is not well
understood, symptomatic treatment using analgesics, tricyclic antidepressants and anticonvulsant drugs is often the
only way of alleviating the discomfort and pain reported
by these patients [2]. A recently published meta-analysis
provided evidence that i. v. treatment with α-lipoic acid
improves positive neuropathic symptoms and neuropathic
deficits in DSP [4]. Transcutaneous electrical nerve stimulation (TENS) [5, 6], percutaneous electrical nerve stimulation [7], spinal cord stimulation [8], other physical
therapies [11, 12] and acupuncture [13] have also successfully been used as non-pharmacological therapies, while
electrical stimulation therapy through stocking electrodes
was not effective [14].
We previously noticed an alleviation of neuropathic
symptoms in patients treated with high-frequency external
muscle stimulation (HF). Based on this finding, the aim of
this randomised pilot study was to compare the effects of
HF therapy with those of established TENS therapy in
patients with DSP.
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Subjects and methods
Subjects Patients who had type 1 or 2 diabetes and polyneuropathy, who were aged 18–80 years, and had HbA1c
levels <11% were enrolled in the present study. Patients
taking medication that may influence neuropathic symptoms (such as α-lipoic acid, tricyclic antidepressants or anticonvulsants), and patients with ulcers, amputations caused
by ischaemia, or cancer diseases were excluded. Forty-one
adult diabetic patients were enrolled in this study; all participants gave their written informed consent. The study
protocol was approved by the Ethical Review Board of the
Heinrich-Heine-University Düsseldorf.
A detailed history of diabetes and a neurological examination of the lower extremities were performed to establish
eligibility (Table 1). Classical symptoms and neurological
deficiencies defined DSP. Scores for neurological symptoms or neurological impairment were used to assess the
severity of DSP [15]. Participants were randomly assigned
to the TENS or the HF treatment group using strata for
patients with non-painful (paraesthesiae, numbness) and
painful neuropathic symptoms (in addition to non-painful symptoms; burning, stabbing, shooting of an electrical
nature).
Physical treatment procedure Each patient was treated for
30 min on three consecutive days. In the TENS treatment
group the electrodes were placed on the lower extremities
as described previously [4] (Fig. 1a). Transcutaneous elecTable 1 Baseline characteristics of 41 adults with diabetes who
participated in the study
Characteristic

TENS treatment
group (n=21)

HF treatment
group (n=20)

Age (years)
Diabetes duration (years)
Type of diabetes (type 1/
type 2)
Sex (women/men)
Diabetes therapy (insulin/oral
hypoglycaemic drugs)
BMI (kg/m2)
Neurological symptoms score
Total symptom score
Neurological impairment score
HbA1c (%)
Triglycerides (mmol/l)
Cholesterol (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
GOT (U/l)
GPT (U/l)
Creatinine (mmol/l)
Urea (mmol/l)

57.8±12.5
13.0±9.6
3/18

64.2±12.7
13.7±11.5
4/16

11/10
18/3

8/12
17/3

28.1±5.8
6.6±1.3
6.6±3.2
5.5±3.2
9.3±1.6
3.0±4.3
6.0±2.0
1.1±0.4
3.7±1.2
24.5±13.0
27.8±15.4
65.5±13.3
6.0±1.9

29.5±5.9
7.1±1.3
7.0±3.6
7.4±1.6
9.3±2.4
1.9±1.3
5.6±1.0
1.3±0.4
3.7±0.9
25.7±13.1
25.7±13.4
71.6±22.1
6.8±2.0

Data are means±SD
GOT Glutamate–oxalate transaminase; GPT glutamate–pyruvate
transaminase

Fig. 1 Electrode placement in TENS (a) and HF (b) treatment

trotherapy was applied with the H-Wave device (Dumo
2.4; CEFAR Medical, Lund, Sweden), a portable, rechargeable unit that generates a biphasic exponentially decaying
waveform with pulse widths of 4 ms, ≤35 mA, ≤35 V and
180 Hz. Intensity was adjusted according to the patient, and
ranged from 20 to 30 mA.
The electrodes for the HF therapy were placed on the
femoral muscles (Fig. 1b). External muscle stimulation was
performed using a non-portable 230-V power supply device (HiTop 181-H; gbo Medizintechnik, Rimbach, Germany) that generates pulse widths of ≤350 mA, ≤70 V. We
used an initial frequency of 4,096 Hz, which was increased
up to 32,768 Hz within 3 s; the maximum frequency was
used for 3 s and then downmodulated from 32,768 to 4,096
Hz. For each patient, the intensity of the electrical stimulation was adjusted to a pleasant level that did not produce
any pain or discomfortable paraesthesiae.
Grading of symptoms Patients were asked to record their
baseline levels of the major symptoms—pain, numbness,
numbness in painful areas, burning, paraesthesiae and dysaesthesia in the lower extremities—using separate visual
linear 10-point scales, where 1=no symptom and 10=worst
ever felt [16]. The questionnaires were completed by the
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cular discomfort in his legs after the first HF treatment,
which ceased within several hours. All 41 patients completed the study protocol.
Seven out of 21 patients (33%) in the TENS group and
16 out of 20 patients (80%) in the HF group reported an
improvement of symptoms (p<0.05) (Fig. 2). Treatment
with HF was more effective than TENS therapy in patients
with non-painful DNP (HF: 100%, seven out of seven;
TENS: 44%, four out of nine; p<0.05) and in patients with
painful DNP (HF: 69%, nine out of 13; TENS: 25%, three
out of 12; p<0.05) (Fig. 2). Both treatment modalities led
to a significant decrease in TSS between baseline and the
end of the observation period, although this reduction was
more pronounced in the HF group (from 7.0±3.6 to 4.6±
3.4, p<0.005) than in the TENS group (from 6.6±3.2 to 5.4±
3.8, p<0.05).
Responders in both groups were analysed separately to
compare the time courses for the improvement of symptoms with treatment (Fig. 3). The mean symptoms scores
in responders decreased from 7.3±0.6 to 3.6±0.6 in the HF
group and from 5.4±0.6 to 1.9±0.4 in the TENS group. An
improvement of symptoms was reported immediately after
the termination of the first treatment, with a further decrease in scores occurring during the subsequent days. A

participants 1 day before the first treatment session, 1–2 h
after the end of therapy on all three treatment days, and 2
days after therapy. An improvement of symptoms was defined as an improvement of three points or more for at least
one symptom. The data were also analysed using the Total
Symptom Score (TSS) [17].
Statistical analyses All data are expressed as means±SD or
as percentages. The analyses of responder data were performed using the chi square test. Changes in TSS were
calculated by paired t-test (two-tailed). A p value less than
0.05 was considered statistically significant. Statistical analyses were performed using GraphPadPrism, Version 3.0
(GraphPad Software; San Diego, CA, USA).

Results
Patients were randomised to receive TENS (n=21) or HF
(n=20). The demographic data, laboratory values and neurological symptoms and impairment scores at baseline were
similar for the two treatment groups (Table 1). Both forms
of electrical treatment were well tolerated, with no local or
systemic side effects. Only one patient reported some mus-

Patients with
diabetic peripheral neuropathy
(n=41)

TENS

HF

Responders: 7 out of 21 (33%)

Responders: 16 out of 20 (80%), p<0.05
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Fig. 2 Results of treatment with TENS versus HF for the complete
groups and individual patients stratified into non-painful and painful
groups. Responders were defined as patients who showed an improvement of three points or more for at least one symptom in the
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10
Mean symptoms score

Fig. 3 Mean symptoms scores
(+SD) of responders in the
TENS (black triangles, broken
line; n=7) and the HF groups
(black squares, solid line; n=16)

8
6
4
2
0
Before
therapy

reduction of symptoms was documented up to 2 days after
the end of treatment. However, patients reported the recurrence of symptoms several days later, which was ameliorated by further electrotherapy (data not shown).

Discussion
In this prospective, randomised clinical pilot study we have
shown, for the first time, that HF can reduce the pain and
discomfort caused by DSP. This non-pharmacological form
of treatment was well tolerated and might offer a new
option for symptomatic relief.
Our finding that external muscle stimulation reduced
neuropathic symptoms is in accordance with the clinical
observation that neuropathic symptoms appear when people do not use their muscles during sleep, and disappear
when they stand up or walk [18]. Treatment with TENS
has previously been shown to be effective in the relief of
pain and discomfort associated with DSP [5, 6]. In these
studies a control group received sham treatment using placebo stimulators; however, use of this procedure does not
exclude placebo effects. This problem was avoided in our
study.
A special stimulation system (HiTop 181-H) was used
for external muscle contraction. We applied 1-s frequencies of 4,096–32,768 Hz, introducing up to 5,000 mW into
the muscles. High-frequency electrical spinal cord stimulation with implanted electrodes has previously been shown
to be effective in the relief of chronic diabetic neuropathic
pain [8] and several other chronic painful conditions, including back pain, phantom-limb pain, peripheral vascular
disease and severe angina [19, 20]. Whereas this procedure
is not free of risk and may give rise to life-threatening infection [21], the HF treatment used in our study is safe and
may potentially be used for other chronic pain indications.
The mechanisms that underlie the positive results associated with this therapeutic modality are not clear. It has
been proposed that electrical stimulation activates the
dorsal columns that inhibit the C fibres, thus interrupting/
gating pain input [22]. Furthermore, short-term high-fre-

Day 1

Day 2

Day 3

After beginning of therapy

Day 1

Day 2

After end of therapy

quency electrical nerve stimulation decreases human motor
cortex excitability [23]. Experiments indicate that electrical
stimulation is followed by a decrease in the concentrations
of the excitatory amino acids glutamate and aspartate in the
dorsal horn, and that this effect is mediated by a GABAergic
mechanism [24].
Microvascular changes, reduced blood flow, nerve oxygen tension [25, 26] and other vascular factors [27] contribute to the pathogenesis of diabetic neuropathy. Interestingly,
electrical stimulation has been reported to improve microvascular blood flow in severe limb ischaemia [28], have
effects on wound healing (indicating improved tissue circulation) [29, 30], and improve insulin resistance [31–34].
One of the limitations associated with our pilot study is
its short duration, which might be responsible for the weak
effect of TENS treatment. Long-term studies are needed to
ascertain the cumulative effects of HF in diabetic patients.
The patients’ pain and discomfort was found to recur a few
days after discontinuation of the therapy, implying that
continuous treatment would be more beneficial. Limited
experience with patients followed at our clinic suggests
that treatment given weekly can reduce long-lasting neuropathic pain.
In summary, our study suggests that HF is a useful
non-invasive, non-pharmacological treatment for the management of peripheral polyneuropathy in patients with
diabetes.
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Background and Objectives
figure 2

Lately it was shown in a study, that by external
electrical muscle stimulation (EMS) the sensitivity to
insulin is being improved. By means of a functional
EMS obviously the distribution of glucose-transportprotein GLUT-1 and GLUT-4 is being increased. Aim of
the study was to examine whether a 6 week „treatment“
with EMS of patients with type 2 diabetes (T2DM) will
lead to the reduction of body weight, BMI and HbA1c.

figure 1
external muscle stimulation

Methods

treatment 60 min / day

6 weeks

4 weeks

2 Wochen

patient round 1 patient round 2

patient round 3

patient round 4

T2DM patients, who were only treated with a diet and/or oral
anti diabetics were included in this 12 week study. After an
introductory phase of 2 weeks with the use of an EMS unit, the
HiToP® 191 unit (gbo Medizintechnik AG, Rimbach/Germany)
was given at the patients‘ disposal. On average, the test
persons used the unit daily during the following 6 weeks.
Alternately, the electrodes were placed in the area of the
musculature of thighs and the shank. Each period of application
and intensity was recorded by the units. After this 6 week period
of treatment the units were given back. The course of the above
mentioned parameters was documented further for the following
4 weeks without EMS.

figure 3
figure 4
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Results
figure 5
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A total of 16 patients with T2DM (ages 58 ±11; 69% male;
BMI 34 ±5 kg/m2; HbA1c 7.5 ±1%; period of diabetes 8 ± 6
years) were examined. After a 6 week treatment a significant
reduction in body weight (107.2 vs. 105.5 kg; p<0.05) as well
as a reduction in the HbA1c (7.5 vs. 7.1%; p=0.08) was
observed. The average weight reduction was at 1.4 kg, the
BMI was reduced by 0.6 kg/m² and the HbA1c by 0.6%.
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Conclusions
In the framework of this study, for the first time a positive
effect on EMS on clinically relevant end points of patients
with T2DM could be demonstrated. Further controlled studies
will show, whether the use of EMS will represent a new
possibility for the (additive) treatment of T2DM.
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High frequent muscle stimulation as a treatment for painful
neuropathy for type 2 diabetes improves the micro vascular
endothelial cell function
Per M. Humpert, Gottfried Rudofsky, Michael Morcos, Angelika Bierhaus, Peter P. Nawroth
Department for Internal Medicine and Clinical Chemistry
Patientcharacteristics (n=27)
Age
Sex (f/m)
Duration of Diabetes
HbA1c
BMI
NDS
NSS

66,1 (±6,9)
11/17
10 (±8)
6,7 (± 0,8)
31,3 (±5,3)
5,4 (±2,6)
7,5 (±1,2)

Methodology: High tone therapy was applied to the patients twice a week for 60 minutes and for a
total of eight weeks. With the aid of visual analog scales (1= no pain, 10 = very strong pain) the
participants’ extent of the symptoms (prickle, burning, pain, numbness) before and after high tone
therapy was evaluated.
Technical ly speaki ng the cl assical electrother apy is a n ampl itude mo dulati on: The frequ ency of the a ppli ed curre nt remains c onstant wh ile the c urrent inte nsity is mod ulated, i.e. var ies over tim e. In Low Freq uency re gion m odul ation
frequenci es of 0 to 200 Hz are bei ng used w hile the mi ddle freq uency ran ge uses carri er frequenc ies of typicall 4.0 00 Hz. In High Tone Ther apy both, ampl itude (inte nsity of the current) and frequ ency, are modu lated at the same time.
According to th e ind ividu al threh old curv e for current se nsation th e hig her the freq uency the high er is the e nergy that ca n be i ntroduce d to the bo dy. Therefor it is a „Simultaneous Frequency and Amplitude Modul ation“. The HiToP
High Tone Ther apy unit uses the freq uency ran ge from 4.000 to 32.00 0Hz.
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• Limitations of the study: no placebo intervention possible

External Muscle Stimulation to Influence
Adjustment of Diabetes:
a New Therapy Option for Type 2 Diabetics
Bettina Rose 1, Mark Lankisch1, Christian Herder 1, Karin Röhrig1, Svenja Labrenz 1,
Judith Haensler 2, Lutz Heinemann 2, Stephan Martin1
1 Institute for Clinical Diabetology, German Diabetes-Center at the Heinrich-Heine-University Duesseldorf
2 Profil Dept. of Research of the Metabolism, Neuss

RESULTS

By the help of physical training insulin sensitivity and the adjustment
of metabolism with diabetics can be improved. By means of other
studies it was additionally shown that physical training will finally lead
to a reduction of immunity parameters like Interleucin-6 (IL-6). It was
the aim of this study to find out whether a six week treatment with a
high frequent muscle stimulation (EMS) with patients suffering from
Type 2 diabetes (T2D), will additionally improve metabolical and
immunological parameters.

Improvement of the Adjustment of the Metabolism
During the treatment phase, a signifcant improvement of the weight,
BMI and the HbA1c value in comparison to the run-in phase (Fig. 2)
was noticed whereas the fasting blood sugar level, c-pepid level and
the circumference of the waist remained largely unchanged.
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During this 12-week study 16 patients with T2D and oral anti
diabetical medication were included. After a two week Run-In phase
without treatment, patients were given an EMS-device (HiToP 191,
gbo Medizintechnik AG, Rimbach/Germany) for a daily treatment
within the area of thigh and shank for the following 6 weeks. In the
beginning as well as in the end of the treatment phase, blood was
taken from the subjects and examined for metabolical and
immunological parameters (TNF-α, IL-6, IL-18, Adiponektin) by
means of highly intensive ELISA.
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Fig. 2 Shown are the changes in body weight (A), circumferene of waist (B), Hb A1c (C) and the C Peptid le vel during the Run-in and the trea tment phase. Each point represents an individuum, the
line marks the median. The anal ysis was carried out with the Wilco xon matched pairs Test.
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Influence of an EMSEMS-treatment on systemic immun parameters
With 12 of the 16 patients (75%) the HbA1c decreased during the
treatment phase. Within this sub group a tendence of changes in the
systemical immun parameters IL-6 und IL-18 was observed (Fig. 3).
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Fig. 3 Shown are the serum levels of the Zytokine IL-6 (A) and IL -18 (B) prior and after trea tment
wíth EMS within the sub group o f the Hb A1c-responders. Each point rep resents an individuum, the
line marks the median. The anal ysis was carried out with the Wilco xon matched pairs test.
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CONCLUSION
A short term treatment with a high frequent external muscle
stimulation (EMS) has a positive influence on the body weight and
can improve the adjustment of the blood sugar. Possibly, also the
subclinical inflammation with patients with T2D is being influenced.
These results point out that EMS is an additional option for the
treatment of type 2 diabetics.
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Tab. 2 Se rum level of the immun parameters prior and a fte r the treatment with EMS in the group
of Hb A1 A c-responders. The anal ysis was carried out with the Wilco xon matched pairs test.
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Physical activity improves insulin sensitivity
and metabolic control in patients with type 2
diabetes. Moreover, regular exercise can reduce
systemic levels of immune markers associated
with diabetes development. As patients with
physical impairments are not able to exercise
sufficiently, the aim of this study was to investigate whether high-frequency external muscle
stimulation (hfEMS) improves metabolic and
immunologic parameters in patients with type
2 diabetes and might therefore serve as complementary lifestyle therapy. Sixteen patients (12
men/4 women, age 57 ± 11 years (mean ± SD);
BMI 34.5 ± 5.2 kg/m2; HbA1c 7.4 ± 1.1 %) on oral
antihyperglycaemic therapy were enrolled in
this study. After a run-in phase of 2 weeks, every
patient received an hfEMS device (HITOP 191,
gbo-Medizintechnik AG, Rimbach/Germany)
for daily treatment of femoral musculature for
6 weeks. Thereafter, patients were followed up
for additional 4 weeks without hfEMS treatment.
At each visit, clinical parameters were assessed

Introduction
&
Lack of physical activity and increased caloric
intake are the main risk factors for the development of obesity and the induction of insulin
resistance in peripheral tissues, especially in
muscle tissue. Nowadays, insulin resistance in
combination with impaired insulin secretion are
thought to be the major causes of type 2 diabetes. But in contrast to insulin secretion, peripheral insulin resistance can be modified by lifestyle
interventions consisting of dietary changes and
increased physical activity (Houmard et al., 2004;
Ross et al., 2000). Thus, lifestyle modifications
are included as first-line therapy in newly diagnosed patients with type 2 diabetes into current

and blood samples were drawn for metabolic
and immunologic parameters. Immune markers
(cytokines, chemokines, adipokines and acutephase proteins) representative for the different arms of the immune system were analysed.
hfEMS treatment resulted in significant reductions of body weight ( − 1.2 kg [ − 2.7 kg; − 0.5 kg];
p < 0.05; median [25th percentile; 75th percentile]), BMI ( − 0.4 kg/m2 [ − 0.8 kg/m2; − 0.1 kg/m2];
p < 0.05) and HbA1c ( − 0.4 % [ − 0.9 %; − 0.1 %];
p < 0.05) which were sustained during the follow-up period. Systemic levels of IL-18 tended to
be increased after hfEMS treatment (171 vs.
149 pg/ml; p = 0.06), while all other immune
markers remained virtually unchanged. Treatment with hfEMS in this first proof-of-principle
study has beneficial effects on body weight and
improves glycaemic control in patients with
type 2 diabetes, which may be associated with
changes in subclinical inflammation. Taken
together, hfEMS might represent an additional
treatment option for patients with type 2 diabetes not being able to exercise.

guidelines (Standards of medical care in diabetes, 2007). Even at later stages of the disease
exercise has a major impact on glucose control
(Walker et al., 1999; Lindstrom et al., 2003).
But as observed in general practice, the motivation of patients to increase their physical activity
is relatively low, and strong efforts have to be
made to maintain high exercise levels in patients
over a longer time period (Kirk et al., 2003; Krug
et al., 1991). Thus, alternative treatment options
with comparable effects as voluntary physical
activity are of great therapeutic relevance. Highfrequency external muscle stimulation (hfEMS)
is the percutaneous electrical stimulation of skeletal muscles using frequencies higher than 40 Hz
to produce a muscle contraction (Requena et al.,
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2005). The method is widely used in orthopaedic rehabilitation,
sports medicine and the treatment of peripheral nervous system
lesions. It has been shown to be effective in the prevention of
muscle atrophy following denervation, in the regain of muscle
strength during rehabilitation to shorten rehabilitation time
after sport injuries (Hainaut and Duchateau, 1992) and the treatment of symptomatic diabetic polyneuropathy (Reichstein et al.,
2005). Hamada et al. could show that short-term EMS acutely
increases whole body insulin sensitivity to higher levels than
voluntary exercise (Hamada et al., 2004). Taken together, highfrequency EMS might be an additional therapeutic option to
include an effective lifestyle-like treatment into the therapeutic
regimen of patients with diabetic complications like severe
heart disease or diabetic foot syndrome, who are not able to be
physically active.
In addition, physical exercise has also an impact on components
of the immune system, i.e. cytokines, chemokines and acutephase proteins (APP), that are associated with type 2 diabetes
and prediabetic states (Herder et al., 2005; Muller et al., 2002)
and play a crucial role in the development of type 2 diabetes
(Kolb and Mandrup-Poulsen, 2005). Acute physical activity is
associated with a release of cytokines from the muscle (extensively reviewed in Petersen and Pedersen, 2005; Huang et al.,
2007) that may exert anti-inflammatory effects, and indeed
regular exercise as well as EMS are associated with reduced
production of proinflammatory cytokines (Smith et al., 1999;
Karavidas et al., 2006). Thus, physical activity and EMS represent
also a causal therapeutic strategy in type 2 diabetes.
Therefore, the aim of our study was to investigate whether the
regular use of high-frequency EMS exerts beneficial effects on
body weight, glucose control and immune activation and might
therefore serve as a novel treatment option in patients with type
2 diabetes.

Materials and Methods
&
Study population
Patients with type 2 diabetes were eligible for the study if they
were aged 18–70 years, had a BMI >27 kg/m2 and were free of
insulin treatment, severe diabetes-related complications or cardiac pacemaker. Sixteen patients (12 men/4 women) were
enrolled in this study and gave their written informed consent.
The study was performed according to the Declaration of Helsinki and was approved by the local ethics committee at Heinrich-Heine University Duesseldorf.

Study design
After a run-in phase of 2 weeks, every patient received an hfEMS
device (HITOP 191, gbo-Medizintechnik AG, Rimbach/Germany)
for treatment of the femoral musculature for at least one hour
per day over 6 weeks. The hfEMS device generated pulse widths
of ≤ 350 mA, ≤ 70 V with an initial frequency of 4,096 Hz that

were increased over 3 s to 32,768 Hz, held at maximum for 3 s
and then downmodulated to the initial frequency. Each patient
adjusted the intensity of the electric stimulation to a personally
pleasant level that did not produce any pain or discomfort. Duration of daily use was documented in an automatic log file of the
hfEMS device to assess patients’ compliance. After the treatment
phase, patients were followed up for additional 4 weeks without
using the hfEMS device to assess the long-term effects. Study
site visits took place before and after run-in, treatment and follow-up period (䊉䉴 Fig. 1). At baseline visit, diabetes history and
current medication were assessed and at each visit, anthropometric parameters were documented and blood samples were
drawn for the measurement of metabolic and immunologic
parameters.

Laboratory and immunological measurements
Blood glucose, HbA1c and serum C-peptide were measured in the
central laboratory of the German Diabetes Center using standardised methods. HOMA-IR was calculated using the computer algorithm proposed by Levy et al. based on fasting blood glucose and
C-peptide levels (Levy et al., 1998). One additional serum sample
was drawn, centrifuged and stored at − 80 ° C for the analysis of
cytokines, chemokines, adipokines and acute-phase proteins. The
cytokines tumour necrosis factor (TNF)-, tumour growth factor
(TGF)-, interleukin (IL)-6, IL-10, the chemokine RANTES and the
adipokine adiponectin were analysed using high-sensitive ELISA
(R&D Systems, Wiesbaden, Germany). High-sensitive C-reactive
protein (hsCRP) was analysed using high-sensitivity latex enhanced
nephelometric assay on a BN II analyser (Dade Behring, Marburg,
Germany), serum amyloid A (SAA) was also analysed by immunonephelometry (Behring). Serum levels of IL-1, IL-8, IL-17, IL-18,
MCP-1, MIP-1, MIF and IP-10 were measured by bead-based multiplex technology using a Luminex 100 analyser (Luminex Corporation, Austin, TX, USA) based on a previously published protocol
(Herder et al., 2007). Fluorescent xMAP COOH microspheres were
purchased from Luminex Corporation. Recombinant protein for IL8 was obtained from Strathmann Biotec GmbH (Hamburg, Germany), recombinant IL-18 protein and anti-IL-18 antibody pair
was purchased from MBL (Nagoya, Japan). All other recombinant
proteins and antibody pairs were purchased from R&D Systems.
The intra- and interassay coefficients of variation (CV) of quality
control test sera were < 10 % and < 20 %, respectively.

Statistical analyses
Data are expressed as mean ± SD or median (25th percentile,
75th percentile) as indicated within the figure/table legend.
Data were analysed using GraphPad Prism Version 4.03 (GraphPad Software, San Diego, CA, USA). For comparison of medians of
paired observations, Wilcoxon signed rank test or Friedman test
and an appropriate post test were used, p values ≤ 0.05 were
considered significant.

Fig. 1 Study design. After a run-in period of 2
weeks, patients used an hfEMS device daily for
60 min over 6 weeks (treatment period). Thereafter,
patients remained without hfEMS treatment during
the 4-week post-treatment period.

Treatment with hfEMS (60 min per day)

Run-in period
2 weeks

Visit 1

Visit 2

Post-treatment period
4 weeks

Treatment period
6 weeks

V isit 3

Visit 4
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Results
&
Reduction of BMI and HbA1c after hfEMS treatment

significant reductions in weight ( − 1.2 kg [ − 2.7 kg; − 0.5 kg];
p < 0.05), BMI ( − 0.4 kg/m2 [ − 0.8 kg/m2; − 0.1 kg/m2]; p < 0.05)
and HbA1c ( − 0.4 % [ − 0.9 %; − 0.1 %]; p < 0.05) (䊉䉴 Fig. 2). This
reduction was paralleled by a decrease of serum C-peptide levels ( − 0.5 g/l; p < 0.05) and HOMA-IR ( − 0.3; p < 0.05), indicating
a reduction of insulin resistance by hfEMS therapy. The observed
reduction of weight, BMI, HbA1c and serum C-peptide remained
almost stable after the end of hfEMS therapy in the post-treatment period. However, significance was only reached for the
reduction in HbA1c ( − 0.6 %; p < 0.05). Waist circumference was
slightly reduced after the hfEMS treatment ( − 1.3 cm), but this
change was not statistically significant, and no changes were
observed for fasting blood glucose (data not shown). Taken
together, hfEMS therapy reduced body weight and improved
metabolic control with possible long-term effects.

Study participants had a mean age of 57 ± 11 years and were
obese (BMI 34.5 ± 5.2 kg/m2; waist circumference 116 ± 6 cm). All
patients had type 2 diabetes with HbA1c levels of 7.4 ± 1.1 % and
an average diabetes duration of 7 ± 5 years (Table 1). Oral antidiabetic medication remained unchanged or was reduced due to
low blood glucose levels throughout the study, the stability of
glycaemic control prior to treatment was verified during the two
week run-in phase.
To evaluate the impact of hfEMS therapy on anthropometric and
metabolic parameters, the change during the run-in period was
calculated and compared with the change during the treatment
period. To address whether hfEMS therapy has longer-lasting
effects beyond the end of EMS treatment, the difference between
the beginning of treatment (visit 2) and the end of study (visit 4)
was also analysed. Treatment with high-frequency EMS induced

Impact of hfEMS treatment on immune markers
To investigate the impact of hfEMS treatment on subclinical
inflammation, we analysed the levels of circulating immune markers before and after treatment in all study participants (n = 16)
(Table 2). As hfEMS treatment has the most pronounced impact on
HbA1c levels, an additional exploratory analysis was performed in
therapy responders, who were defined as those with a reduction in
HbA1c levels of at least 0.1 % after treatment. According to this
approach, 12 of 16 patients (75 %) were classified as responders.
After hfEMS treatment, systemic levels of the cytokine IL-18 tended
to be higher (171 vs. 149 pg/ml; p = 0.06), while levels of other
immune parameters and adipokines remained unchanged. This
tendency for IL-18 was virtually identical in the responder subgroup (171 vs. 145 pg/ml; p = 0.08). Moreover, a slight reduction of
IL-6 levels were observed (1.9 vs. 2.6 pg/ml; p = 0.09). Restricting

Table 1 Baseline characteristics of the study population. Anthropometric,
clinical and metabolic baseline variables are given as mean ± SD

A

B

Weight

C
BMI
2

p < 0.05
BMI change [kg/m2 ]

5.0
Weight change [kg]

57.3 ± 11.0
4/12
107.3 ± 15.1
34.5 ± 5.2
116.0 ± 15.6
116.2 ± 8.6
7.4 ± 1.1
159 ± 37
2.8 ± 1.2
6.8 ± 4.8
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0.0
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1
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period
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Fig. 2 Differences in anthropometric and metabolic variables before and after hfEMS therapy. The difference of weight (A), BMI (B), waist circumference
(C), HbA1c (D), serum C-peptide levels (E) and HOMA-IR (F) were calculated before and after run-in (visit 2–visit 1), treatment period (visit 3–visit 2) and after
post-treatment period (visit 4–visit 2). Each symbol represents one individual, the bar indicates the median. Data were analysed using Friedman test for paired
observations and Dunn’s post test. p-values for comparisons between different time-points are indicated by horizontal lines.
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Table 2 Levels of systemic immune parameters before and after hfEMS treatment. The serum levels of immune markers are given as median (25th; 75th
percentiles) before (visit 2) and directly after the 6 week hfEMS treatment period (visit 3) in all study participants (n = 16) and in the subgroup of HbA1c-reponders
(n = 12). Data were analysed using Wilcoxon signed rank test and p-values for the comparison between the two time-points are given
All study participants (n = 16)
Parameter

before treatment

cytokines
IL-1 [pg/ml]
2.5 (1.5; 3.5)
IL-6 [pg/ml]
2.6 (1.4; 3.2)
IL-17 [pg/ml]
2.7 (1.8; 3.9)
IL-18 [pg/ml]
149 (121; 191)
TNF- [pg/ml]
1.9 (1.3; 2.3)
TGF- [ng/ml]
35.5 (29.3; 41.0)
chemokines/adipokines
IL-8 [pg/ml]
4.5 (1.9; 5.5)
IP-10 [pg/ml]
283 (217; 314)
MCP-1 [pg/ml]
164 (137; 194)
MIF [ng/ml]
10.4 (9.2; 11.6)
MIP-1 [pg/ml]
22.4 (12.8; 35.4)
RANTES [ng/ml]
23.9 (16.4; 33.0)
adiponectin [ng/ml]
5191 (4042; 8662)
acute-phase-proteins/leukocyte count
hsCRP [mg/l]
2.7 (0.8; 4.4)
SAA [mg/l]
4.2 (3.0; 7.2)
WBC count [per l]
6250 (5750; 7250)

HbA1c responder (n = 12)

after treatment

p-value

before treatment

after treatment

p-value

1.9 (1.5; 5.2)
1.9 (1.4; 2.5)
3.2 (1.2; 6.3)
171 (120; 210)
1.9 (1.1; 2.4)
36.9 (30.6; 43.0)

0.28
0.58
0.17
0.06
0.26
0.73

2.9 (2.1; 7.9)
2.6 (1.6; 3.0)
3.1 (2.4; 6.1)
145 (121; 192)
2.0 (1.3; 2.5)
35.5 (30.3; 42.6)

3.6 (1.8; 11.7)
1.9 (1.5; 2.1)
4.2 (1.8; 9.2)
171 (127; 210)
2.0 (1.1; 2.5)
36.9 (32.7; 42.3)

0.13
0.09
0.21
0.08
0.30
0.85

3.8 (1.9; 7.4)
320 (237; 355)
166 (128; 207)
9.5 (8.1; 11.7)
27.3 (17.6; 45.7)
24.2 (16.8; 35.8)
5387 (4414; 7830)

0.45
0.54
0.69
0.42
0.33
0.58
0.93

4.4 (1.9; 5.0)
305 (215; 348)
166 (118; 219)
10.4 (9.3; 11.5)
28.5 (19.0; 49.9)
25.2 (17.0; 36.8)
4954 (4042; 6236)

4.2 (1.8; 7.4)
320 (237; 343)
181 (132; 208)
9.2 (8.0; 11.2)
33.8 (22.5; 51.5)
27.1 (14.9; 42.6)
4991 (4414; 6095)

0.15
0.79
0.57
0.27
0.28
0.73
0.68

2.1 (0.9; 5.5)
5.4 (2.2; 9.0)
6400 (5400; 6600)

0.85
0.45
0.79

3.2 (0.8; 5.3)
4.5 (3.5; 7.8)
6250 (5950; 7350)

2.0 (0.8; 3.6)
4.9 (2.1; 7.6)
6400 (5400; 6450)

0.15
0.58
0.79

the analysis instead to those who lost at least 1 kg of body weight
had no impact on the observed increase of IL-18, but attenuated
the patient number further (n = 9 out of 16 patients; data not
shown).

Discussion
&
This prospective clinical study showed that a treatment with
high-frequency EMS for 6 weeks reduced body weight and
improved metabolic control in patients with type 2 diabetes.
Moreover, the results remained almost stable in the subsequent
weeks indicating that the treatment may also have longer-lasting effects.
hfEMS results in effective muscle contraction and produces less
discomfort for the patient than other muscle stimulation methods
like transcutaneous electrical nerve stimulation (TENS) using
lower stimulation frequencies, which produce only superficial
muscle contractions. EMS leads to muscle contraction of large
motor units first with synchronous depolarisation and higher firing rates of their motoneurons, resulting in stronger muscle contraction than a voluntary contraction, but also in faster exhaustion
and anaerobic metabolism of muscle (Requena et al., 2005). This
“reverse-size” recruitment of motor units results in reduced shear
forces between muscle fibres preventing discomfort or pain during treatment. Thus, the effect of voluntary isometric contraction
can be mimicked by hfEMS treatment, and it is reasonable to
hypothesise that comparable mechanisms, i.e. the reduction of
insulin resistance, might be involved in mediating the effects of
hfEMS on glucose metabolism. The effect on insulin sensitivity by
voluntary physical activity is mediated via the increased expression of GLUT-4 on myocytes resulting in elevated glucose uptake
and generation of glycogen (Hardin et al., 1995; Kennedy et al.,
1999; Christ-Roberts et al., 2004). These effects are observed after
acute as well as after chronic exercise, but it is not quite clear
whether these effects are independent of an accompanying weight
loss (Ross, 2003). An association between change in HbA1c and

change in body weight is conceivable. However, we observed no
correlation between these two variables after the treatment and
therefore did not adjust for change in body weight in our analysis.
In line with this, a reduction of insulin resistance measured by
HOMA-IR after 6 weeks of treatment with hfEMS was observed,
indicating that hfEMS increases insulin sensitivity of peripheral
tissues, probably predominantly muscle tissue. This insulin sensitizing effect seems to be more pronounced with EMS treatment
than after voluntary exercise (Hamada et al., 2004). Additionally,
physical activity can overcome the impaired mitochondrial function observed in patients with type 2 diabetes and increases the
amount of mitochondria in muscle of patients with diabetes
(Toledo et al., 2007). These improvements are again closely associated with better metabolic control. Thus, hfEMS treatment mimics the beneficial effects of voluntary physical activity.
Despite the reduction of HbA1c fasting glucose levels remained
virtually unchanged, suggesting a predominant effect of postprandial levels. Sufficient information from blood glucose diaries were not available and no standardised mixed meal test or
oGTT was performed to address this potential effect but should
be included in future studies.
Cytokines that are released by muscle tissue directly after exercise (Helge et al., 2003) seem to be related to carbohydrate metabolism of muscle and may induce an anti-inflammatory reaction. It
has been shown that regular physical activity reduces the systemic levels of proinflammatory mediators like MCP-1 and IL-8
(Troseid et al., 2004; Kriketos et al., 2004). Although a slight
increase of IL-18 levels was observed in our study, while IL-6 levels were reduced after hfEMS treatment at least in HbA1c responders, none of the changes reached statistical significance due to the
relatively low sample size. However, it is conceivable that a longer
duration of hfEMS treatment resulting in more pronounced
weight loss and improvement of metabolic control might also be
associated with an attenuation of subclinical inflammation.
To the best of our knowledge, only one study evaluated the effects
of external muscle stimulation on metabolic control in patients
with type 2 diabetes so far (Poole et al., 2005). They did not found
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any improvement in body composition or glucose control. Possible reasons might be the low patient number (four diabetic
patients) and the treatment method differing from ours as lowfrequency external muscle stimulation was used, which results in
only mild muscle contractions. Moreover, no control group was
included in this study either, because the selection of an appropriate control group for EMS treatment is challenging and strongly
depends on the research question, i.e. placebo treatment to analyse the efficiency of EMS treatment at all or a control treatment
(voluntary exercise, isometric training, etc.) to address the equivalency of both treatments. Confounding by effects on the cardiorespiratory system by the control treatment need to be considered
further. Thus, we refrained from designing a control group for
this first larger proof-of-principle study as Poole et al. also did.
Certainly, we cannot exclude a certain effect on glucose control
and body weight by participation in the study per se (“study
effect”). However, the effect of hfEMS treatment on HbA1c exceeds
the effects observed in patients with type 2 diabetes after more
than 28 days of participation in pharmacological intervention
studies (Gale et al., 2007) indicating that the observed improvement of metabolic control is related to a true treatment effect.
Nevertheless the observed improvements need to be evaluated
using a larger sample with a carefully designed appropriate control treatment to overcome the limitations of our study.
In conclusion, this study has shown as a proof of principle study that
high-frequency EMS has positive effects on body weight and metabolic control and appears to be a promising non-pharmacological
additional treatment option for patients with type 2 diabetes.
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Muskelstimulation mit hochhoch-frequenter externer
Muskelstimulation mindert signifikant die Symptome der
diabetischen Polyneuropathie
K Kempf1, B Rose2, S Martin1
1
Westdeutsches Diabetes- und Gesundheitszentrum, Düsseldorf, Deutschland
2
Deutsches Diabetes-Zentrum, Institut für Klinische Diabetologie, Düsseldorf, Deutschland

Fragestellung: Diabetische Neuropathie ist eine der häufigsten chronischen
Komplikationen bei Diabetes mellitus (DM). Typische Symptome sind Kribbeln,
Brennen, Taubheitsgefühl oder Schmerzen in Füßen und Unterschenkeln, die die
Lebensqualität stark beeinträchtigen. Medikamentöse Therapien können Schmerzen
reduzieren, haben jedoch häufig Nebenwirkungen. In einer Pilotstudie konnten wir
zeigen, dass hoch-frequente externe Muskelstimulation (hfEMS) neuropatische
Symptome effektiver reduziert als transkutane elektrische Nervenstimulation. Es war
daher das Ziel den Einfluss von hfEMS auf neuropatische Symptome in einer
größeren Kohorte unter realen Alltagsbedingungen zu untersuchen.

Methodik: Durch Pressemitteilungen wurden auf die Studie aufmerksam gemacht.
Patienten, die sich im Studienzentrum meldeten und die Einschluss- (DM und
symptomatische diabetische Polyneuropathie) und keines der Ausschlusskriterien
(Herzschrittmacher, Chemotherapie) erfüllten, wurde ein Gerät zur hfEMS
(HiToP®191, gbo Medizintechnik AG) zugeschickt mit der Anleitung, es mindestens
4 mal pro Woche für 30min über einen Zeitraum von 4 Wochen zu verwenden. Die
Intensität und Häufigkeit der vorhandenen Symptome wurden in standardisierten
Telefongesprächen auf einer Skala von 0–10 (inkl. Neuropathie Symptom Score
(NSS)) vor Beginn der Therapie (t0), nach 8 Tagen (t1) und 4 Wochen (t2), sowie 3
Wochen nach Ende der Therapie (t3) erfasst. Patienten, deren neuropatische
Symptome sich um mindestens 3 Skalenpunkte verbessert hatten (t2 vs. t0), wurden
als Therapieresponder gewertet.

Ergebnisse: In der Kohorte (n=167; 132Männer; Alter 67,3±9,2 Jahre; DM-Dauer
12,7±9,0 Jahre; HbA1c 7,0±1,2%; NSS 6,8±2,0) kam es durch Anwendung von
Dokument2

hfEMS zu einer Verringerung der Intensität (und Häufigkeit) des Kribbelns (3,4±2,4
(t2) vs. 5,6±2,7 (t0); p<0,0001), Brennens (2,8±2,5 vs. 4,4±3,2; p<0,0001), der
Schmerzen (3,0±2,6 vs. 5,1±3,2; p<0,0001) und des Taubheitsgefühls (4,1±2,8 vs.
6,5±3,0; p<0,0001) in Füßen (und Unterschenkeln) wie auch bei der
Schlafbeeinträchtigung (2,6±2,4 vs. 4,8±3,3; p<0,0001). Interessanterweise traten
auch 3 Wochen nach Beendigung der Therapie die Symptome schwächer und
seltener (p<0,0001) im Vergleich zu vorher auf (t3 vs. t0), wobei allerdings bereits
eine Verschlechterung im Vergleich zum Zeitpunkt t2 zu beobachten war (p<0,0001).
Darüber hinaus sprachen 82% der Patienten als Therapieresponder auf hfEMS an.
Dies war assoziiert mit einer längeren DM-Dauer (r=0,18, p=0,02), höherem NSS
(r=0,16, p=0,04) und HbA1c (r=0,20, p=0,02) zu Therapiebeginn.

Schlussfolgerungen: hfEMS verbessert signifikant die Symptome der diabetischen
Polyneuropathie und hat möglicherweise auch längerfristige Effekte, da Symptome
auch nach Beendigung der Therapie weniger intensiv und weniger häufig auftreten.
Da hfEMS keine Nebenwirkungen hat und vorrangig Patienten mit weiter
fortgeschrittenem DM darauf ansprechen, sollte hfEMS als Therapie Patienten mit
diabetischer Neuropathie angeboten werden.
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Subjects and Methods
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Fig.3 Association between improvement of neuropathic symptoms and baseline clinical
parameters. Shown are (A) the summed up mean improvement and standard error of the intensity
of neuropathic symptoms. Mann Whitney test was used to compare differences between men and
women (*, p<0.05). Improvement of symptoms was assessed by summing up the difference for the
nine measured symptoms, i.e. intensity of pain, burning, prickle, numbness in feet and lower legs as
well as impairment during sleep “at the 4th week of treatment” vs. “before treatment”. Associations
between the improvements of symptoms and clinical parameters as (B) HbA1c and (C) neuropathy
symptom score at baseline were analyzed by Pearson regression.

Table 2 Association between improvement of symptoms and clinical data.
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units, which mainly consist of fast-twitch, glycolytic active, more fatigable muscle fibers.
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hfEMS significantly improved the intensity (and frequency) of pain,
burning, prickle and numbness in feet (and lower legs) as well as
impairments during sleep. Interestingly, 3 weeks after therapy
symptoms remained less intense and less frequent compared to
baseline but were significantly higher than after the 4th week of
treatment (Fig.2).

3

Symptoms were assessed on a scale from 1-10 at standardized
telephone calls before hfEMS therapy (including 5-item
neuropathy symptom (NS) score) , after the 1st week and 4th week
of treatment as well as 3 weeks after the end of treatment.
Patients, whose neuropathic symptoms improved in sum (4th week
vs. before) were classified as hfEMS responders.

17.5

DM, diabetes mellitus; OAD, oral antidiabetic drugs; HbA1c, glycosylated hemoglobin A1c; T1DM,
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; NS score, neuropathy symptom score.

A

Sex

A

frequency

B

Study population (n=414)
307 (74,2%) / 107 (25,8%)
67 ± 9
14 ± 10
16 (4%) / 120 (29%) / 274 (66%)
7,1 ± 1,1
17 (4%) / 393 (95%)
6,9 ± 1,9

Sex [n] men / women
Age [years]
Duration of DM [years]
DM treatment [n] none / OAD / insulin
HbA1c [%]
DM type [n] T1DM / T2DM
NS score [points]

frequency

Patients with symptomatic diabetic neuropathy, who called the
study centre and who fulfilled all inclusion (DM and symptomatic
diabetic neuropathy) and no exclusion criteria (heart pacemaker,
history of chemotherapy) were sent an hfEMS device (HiToP®191
gbo Medizintechnik AG) with instructions to use it at least 4
times/week for 30 min over a period of 4 weeks (Fig.1).

88.4% of patients were identified as hfEMS responders. Positive
response to hfEMS was associated with female sex, higher HbA1c
and higher NS score at baseline (Fig.3). After adjustment only the
NS score remained predictive for improvement of symptoms
(Table 2).

Table 1 Clinical characteristics

intensity

Diabetic neuropathy is one of the most common chronic
complications of diabetes mellitus (DM). In the majority of cases it
is associated with prickle, burning, numbness or pain in feet or
lower legs resulting in extensive impairments in daily life.
Therapies mainly focus on the reduction of pain by drugs which
often have severe side-effects. In a pilot trial we demonstrated that
high-frequency external muscle stimulation (hfEMS) is able to
reduce
neuropathic
symptoms
more
effectively
than
transcutaneous electrical nerve stimulation. Thus, we aimed to
assess the impact of hfEMS on neuropathic symptoms in a larger
cohort in a real world study design.

Results

HbA1c [%]
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Fig.2 Improvement of neuropathic symptoms. Shown are
mean values and standard error for the intensity (striped bars,
scaling on the left Y-axis) and frequency (clear bars, scaling on
the right Y-axis) of (A) pain, (B) burning, (C) prickle, and (D)
numbness in feet (white bars) and lower legs (blue bars) as well
as (E) impairment during sleep before treatment, after the 1st
week and the 4th week of treatment as well as 3 weeks after the
end of treatment. Wilcoxon signed rank test was used to
compare intensity and frequency of symptoms at each time point
to “before treatment” as well as between “4th week of treatment”
vs. “3 weeks after treatment” (*, p<0.05; **, p<0.01; ***; p<0.001).

Sex
Age
DM duration
DM treatment
HbA1c
DM type
NS Score

Linear regression:
improvement (points)
p
p*
0.036
0.077
0.960
0.612
0.247
0.288
0.551
0.451
0.027
0.060
0.432
0.326
0.0002
0.0001

OR
1.37
0.98
0.98
0.50
1.03
1.66
1.20

Logistic regression:
improvement (yes / no)
OR*
CI
CI*
1.03
0.66-2.86
0.56-3.00
0.98
0.95-1.02
0.94-1.02
1.00
0.95-1.01
0.97-1.04
0.65
0.25-0.98
0.31-1.38
0.76-1.39
1.12
0.79-1.59
0.46-6.00
2.12
0.52-8.67
1.03-1.40
1.23
1.04-1.46

Odds ratios (OR) and confidence intervals (CI) were determined by logistic regression without or
with adjustment to sex, age, duration of diabetes mellitus (DM), DM medication, hemoglobin A1c
(HbA1c), diabetes type and neuropathy symptom (NS) score.

Conclusions
hfEMS significantly improves discomfort and pain associated with
diabetic neuropathy within 4 weeks of treatment. As symptoms
remain less intense and less frequent 3 weeks after the end of
treatment, although they increase again, a continuous treatment is
suggested. As hfEMS treatment has no side-effects and is most
effective in patients with more severe symptoms we suggest to
offer hfEMS therapy to all patients with diabetic neuropathy.
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External Electric Muscle Stimulation Improves Burning
Sensations and Sleeping Disturbances in Patients with Type 2
Diabetes and Symptomatic Neuropathy
Per M. Humpert, MD,* Michael Morcos, MD,* Dimitrios Oikonomou, MD, Karin Schaefer,
Andreas Hamann, MD, Angelika Bierhaus, PhD, Tobias Schilling, MD, and Peter P. Nawroth, MD
Medizinische Klinik 1 und Klinische Chemie, University Hospital, Heidelberg, Germany
*PMH and MM contributed equally.

ABSTRACT

Objective. External muscle stimulation (EMS) of the thighs was previously shown to have beneficial
effects in a pilot study on painful diabetic neuropathy. However, differential effects on specific
symptoms of neuropathy as well as determinants of treatment response have not been described.
Design. Ninety-two type 2 diabetes patients with different neuropathic symptoms were included in
a prospective uncontrolled trial. Patients were treated twice a week for 4 weeks. Symptoms were
graded on numeric scales at baseline, before the second and the eighth visit.
Results. Seventy-three percent of the participants reported marked improvement of symptoms.
Subjective treatment response was positively and independently associated with symptom intensity
but independent of disease extent, metabolic factors, age, or gender. Total symptoms graded by
patients on numerical scales decreased significantly after 4 weeks of treatment. Patients in the upper
tertile of symptom intensity showed significant improvement of paresthesia, pain, numbness and
most pronounced for burning sensations and sleeping disturbances.
Conclusions. In an uncontrolled setting, EMS seems to be an effective treatment for symptomatic
neuropathy in patients with type 2 diabetes, especially in patients with strong symptoms.
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regarding the influences of EMS on neuronal
function and mechanisms underlying the observed
treatment effects. Previous studies suggested that
electrical stimulation activates the dorsal columns,
inhibits C-fibers, and consequently leads to a
decrease in pain perception [3]. EMS, which can
stimulate a large number of nerves in the
thigh, might therefore lead to a spinal stimulation
that in turn decreases excitability of small nerve
fibers.
It is not known which specific symptoms of
diabetic neuropathy can be treated using EMS and
which factors determine the treatment responses.
Hence, we conducted this study in a large group
of type 2 diabetes patients with neuropathic
symptoms to identify subjects benefiting from
this intervention and studied effects on different
aspects of symptomatic neuropathy.
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Introduction

I

t was recently shown in a pilot study that external electric muscle stimulation (EMS) of the
thigh causing isometric muscle contraction might
be an effective treatment for painful diabetic neuropathy [1]. Type 1 and 2 diabetes patients were
treated with EMS and compared with patients
treated with transcutaneous electric nerve stimulation (TENS) [1,2]. Both EMS and TENS
reduced the total symptom score significantly,
while EMS resulted in a significantly higher
response rate [1]. So far, there is no information
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Table 1 Baseline characteristics of the treated patients
(N = 92)
Age (years)

66 ⫾ 8

Gender (m/f)
Diabetes duration (years)
BMI (kg/m2)
HbA1c (%)
Total cholesterol (mg/dL)
Creatinine (mg/dL)
Urea (mg/dL)
GPT (U/I)
GOT (U/I)
Neuropathy symptom scores
Neuropathy disability scores
Insulin therapy (%)
Oral medication (%)
Previous or current pain medication (%)
Anticonvulsants
Antidepressants
Opioids
Antioxidants
Others
Treatment response individual judgment (%)
ⱖ30% reduction in mean
Symptom score (N = 81)

64/28
13 ⫾ 9
31 ⫾ 5
6.8 ⫾ 8
190 ⫾ 37
1.0 ⫾ 0.3
42 ⫾ 15
26 ⫾ 14
34 ⫾ 21
7.6 ⫾ 1.3
6.1 ⫾ 2.3
49
67
59
34
4
7
17
9

GPT = glutamat-pyruvat-transaminase;
transaminase.

73
47

GOT = glutamat-oxalazetat-

Methods

Participants
One hundred type 2 diabetes patients with symptomatic diabetic neuropathy were included in this
study after giving written informed consent. As a
consequence of a lack in suitable placebo treatments, the study was performed in a prospective
uncontrolled design. The study protocol was
approved by the University of Heidelberg Ethics
Committee. Patients were eligible if they reported
any symptoms of diabetic neuropathy (i.e., pain,
paresthesia, burning sensations, numbness, sleeping disturbance). Patients with implanted pacemakers or defibrillators were excluded from the
study. Eight patients were excluded from the analyses as other causes of neuropathy or symptoms
could not be excluded (i.e., excessive alcohol consumption, peripheral artery disease and ischemia,
chemotherapy, amyloidosis). The detailed characteristics of the patients included are shown in
Table 1.
Grading of Symptoms
At baseline, diabetic neuropathy was graded using
the established neuropathy disability scores (NDS)
and neuropathy symptom scores (NSS) [4]. In
addition, patients had to grade their symptoms
on 10-point numeric scales (1 = no symptoms,
10 = worst possible) as previously reported [1] at

baseline, before the second and eighth treatment
session. The duration of treatment effects was
estimated by the participants before the eighth
session. Eighty-one participants completed the
4-week protocol while 11 patients were lost to
follow-up after the fourth session.

External Electric Muscle Stimulation
Patients were treated with EMS for 60 minutes,
twice a week, and for 4 weeks (eight treatment
sessions). EMS was performed using the HiToP®
184 device (gbo Medizintechnik, Rimbach,
Germany). As previously described [1], a 20-Hz
frequency scan of carrier frequencies between
4,096 Hz and 32,768 Hz was used to generate a
deep and comfortable muscle contraction. This
application was repetitively modulated with 3
seconds rest time, 3 seconds rise time, and 3
seconds contraction time. The intensity of the
electrical stimulation was adjusted to a tolerable
level causing muscle contraction and avoiding pain
or discomfort.
Statistical Procedures
Logistic regression models were calculated to
detect possible influence factors on treatment
response. In these models, patients were divided
into responders and non-responders according to
self-report of improvement of symptoms and in
patients completing the 8-week protocol according to a minimum of 30% mean decrease in symptoms according to the graded symptom scores
before the eighth session.
A total symptom score (TSS) was calculated by
addition of the individual scores on the numeric
scales, leading to a maximum score of 50. To study
influences of EMS on the specific symptoms,
patients were divided into tertiles of the TSS and
the respective symptoms (i.e., paresthesia, pain,
burning sensation, numbness, sleeping disturbance). Tertiles of patients and the respective
symptom scores for equally powered groups were
as follows: paresthesia (1–4/5/6–10), pain (1–3/4–
6/7–10), burning sensation (1–3/4–6/7–10), sleeping disturbance (1–3/4–5/6–10), and numbness
(1–3/4–6/7–10). Treatment effects were studied in
the entire group and in patients in the highest
tertile of the respective score. Significant differences in symptom scores between the follow-up
measurements were determined using two-tailed
paired t-tests compared with the baseline. All statistical analyses were performed using SPSS
(Version 15.0).
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Results

Sixty-seven (~73%) of the 92 participants reported
subjective improvement of neuropathic symptoms.
Eighty-one patients completed the protocol, while
11 patients did not continue after the fourth treatment session; all of these patients reported no
treatment response. Forty-seven percent of the
participants completing the protocol had an
improvement of the mean symptom score by
ⱖ30% on the graded symptom scales. Although
patients were not remunerated for participation or
travel expenses, adherence to the protocol was
100% in the patients reporting improvement of
symptoms. The mean duration of symptomatic
relief was 31 ⫾ 21 hours; the maximum duration
reported was 80 hours. Fifty-four patients (~59%)
were previously or currently treated with medication for neuropathic symptoms and participants
currently treated continued medication; the
number of patients with an improvement of the
mean symptom score by ⱖ30% was similar in
these patients compared with previously untreated
participants (41% vs 51%, P = ns). The only side
effect of EMS reported was mild muscle soreness
in the thighs on the day after treatment.
Differences between responders and nonresponders were studied at baseline to identify
possible influence factors on treatment responses.
Responders according to self-judgment had more
intense symptoms as given by the NSS scores
(7.8 ⫾ 1.2 vs 7.2 ⫾ 1.5, P = 0.04), and there was a
trend toward older age in non-responders (65 ⫾ 8
vs 69 ⫾ 8, P = 0.07). When patients were divided
into responders and non-responders by a minimum of 30% decrease in mean symptom score as
was previously suggested [5], there were no significant differences in the baseline characteristics (not
shown). Logistic multivariate models including
biometrical data and the classical risk factors
revealed the NSS to be the only variable independently associated with subjective treatment
response (b = -0.47, P = 0.02, Table 2). In participants with a minimum decrease of 30% in mean
symptom score after 4 weeks of treatment, there
was only a trend for an association with the NSS
(Table 2).
When all participants in this study were analyzed, the TSS significantly improved on visit 8
(25.7 ⫾ 10.5 vs 19.2 ⫾ 10.4, P < 0.001), while the
change in TSS on visit 2 was not significant
(26.0 ⫾ 10.3 vs 24.8 ⫾ 10.6, P = ns). In the selfreported responders, TSS improved marginally
significant on visit 2 (25.9 ⫾ 10.4 vs 24.4 ⫾ 10.7,

Table 2 Logistic multivariate analyses of variables
inﬂuencing response to treatment
Regression
Coefficient
b (SE)
Age
Gender
Diabetes duration
BMI
HbA1c
Neuropathy symptom scores
Neuropathy disability scores
Creatinine

-0.05
-0.52
-0.03
-0.05
0.44
0.47
-0.18
0.33

(0.04)
(0.59)
(0.03)
(0.06)
(0.20)
(0.20)*
(0.12)
(1.02)

Regression
Coefficient
b (SE)
-0.02
-0.12
0.04
-0.01
-0.45
0.37
0.69
-0.25

(0.03)
(0.63)
(0.03)
(0.05)
(0.32)
(0.21)**
(1.46)
(0.91)

* P = 0.02; ** P = 0.08.
Response to treatment is judged as reported by the individual patient (left
column) and in patients with a ⱖ30% reduction of mean symptoms on the feet
after 4 weeks of treatment (right column, N = 81).
Treatment response is the dependent variable and coded numerically as
1 = non-responder and 2 = responder.

P = 0.05) and highly significant on visit 8
(26.0 ⫾ 10.4 vs 18.2 ⫾ 10.4, P < 0.001). In selfreported non-responders, TSS did not change significantly on visit 2 (26.3 ⫾ 10.3 vs 26.0 ⫾ 10,
P = ns) and visit 8 (24.2 ⫾ 11.2 vs 23.5 ⫾ 9.7,
P = ns). When all patients were divided into tertiles of TSS, the second and third tertiles showed
improvements of TSS on visits 2 and 8, while the
lower tertile showed significant improvement of
TSS on visit 8 only (Figure 1a). In self-reported
responders, all three tertiles of TSS showed significant improvements of TSS on visit 8 only
(Figure 2b).
Changes in specific symptoms were studied in
all participants followed up to the eighth visit and
patients in the upper tertile of the respective
symptom score on visits 2 and 8 (Figure 2,
Table 3). The mean score of all symptoms
(Figure 2a),
paresthesia
(Figure 2b),
pain
(Figure 2c), burning sensations (Figure 2d), sleeping disturbances (Figure 2e), and even numbness
(Figure 2f) improved significantly on visit 2 and
visit 8. The treatment effects were strongest on
visit 8 for burning sensations (8.5 ⫾ 1.2 vs
4.9 ⫾ 2.5, P < 0.001, Table 3) and sleeping disturbances (7.9 ⫾ 1.4 vs 4.6 ⫾ 2.8, P < 0.001, Table 3)
as documented on the 10-point scale. The relative
decrease in severity of symptoms for these scores
was approximately -42%.
Discussion

This is the first study on treatment effects of EMS
in a large group of type 2 diabetes patients. The
data show significant improvement of total symptoms and each specific quality of symptoms. Sig-
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Figure 1 (A) Total symptom score (TSS) in all participants
of the study by tertile of TSS. Patients in the upper and
middle tertile of TSS showed signiﬁcant reductions of symptoms on the second and the eighth visit. Patients in the
lower tertile showed signiﬁcant reductions on visit 8 only.
* P < 0.05, ** P < 0.01, *** P < 0.001 vs TSS at baseline. (B)
When responders were analyzed separately, highly signiﬁcant reductions in total symptoms were observed on visit 8
only. This was true for type 2 diabetes patients in all three
tertiles of the TSS.

nificant improvement was found in all tertiles of the
TSS; however, the treatment effects were most
pronounced in the upper tertile of patients affected
by burning sensations and sleeping disturbances
after 4 weeks of treatment. In these patients, symptoms were reduced by ~42%. This reduction in
symptoms can be considered a strong and clinically

relevant improvement, which was previously
shown in a meta-analysis of studies comparing
placebo-controlled data on pain reduction detected
using numerical scales and in patients with different
causes of neuropathic pain [6].
Multivariate analyses revealed that response to
treatment was independently and positively associated with the NSS, but not with the NDS. This
suggests, that type 2 diabetes patients at all ages and
stages of disease might benefit from EMS. Additional metabolic factors such as BMI or even
HbA1c, as a marker of long-term glucose control,
did not influence the response rate significantly
(Table 2). There were no significant differences in
response rates between patients previously treated
with pharmacological interventions and treatmentnaive participants. This indicates that EMS might
even be effective in patients that are not sufficiently
treated using conventional medications such as
anticonvulsants and antidepressants.
Pain and paresthesia in our study were reduced
by ~31% and ~35%, respectively, effects that can
also be considered clinically relevant [6]. It is likely
that a significant part of the treatment effects can
be attributed to placebo effects; the reduction of
numbness was calculated at ~24% and is likely to
represent the placebo effect in our study. Yet definite differentiation of placebo and treatment
effects need to be clarified in future placebocontrolled trials.
Our data support the previously published high
response rates of EMS in pilot studies and patients
with symptomatic diabetic and uremic neuropathy
[1,7] and further define the duration of treatment
effects as well as specific symptoms that can be
treated efficiently. The mean duration of the treatment effect was limited to 31 hours and varied
strongly between participants. The underlying
reasons for this large variation remain unclear, and
it seems important to decipher the physiological
changes induced by EMS to understand this
finding. Although not an endpoint of this study, it
seems likely that for example the significant reduction of sleeping disorders reported by the participants leads to a major improvement in quality of
life. This improvement and the lack of severe
adverse events seem to be reflected by the strong
adherence to the study protocol (100% in selfreported responders) over a period of 4 weeks and
eight treatment sessions. Future controlled studies
will be needed to study cost-effectiveness and
clinical efficacy of EMS in comparison to pharmaceutical interventions, especially in consideration
of missing relevant side effects. In addition, study
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Figure 2 Treatment effects of external muscle stimulation (EMS) on symptoms of diabetic neuropathy were analyzed in
participants in the upper tertile of the respective scores to study patients that are signiﬁcantly affected by the speciﬁc
symptom. (A) Mean symptom score, (B) paresthesia, (C) pain, (D) burning sensation, (E) sleeping disturbances, and (F)
even numbness were signiﬁcantly improved on visit 2 and visit 8. Treatment effects were strongest for the reduction of
burning sensations and sleeping disturbances (D, E). * P < 0.05, ** P < 0.01, *** P < 0.001 vs the respective symptom score
at baseline. Data are given as the mean change in symptom score ⫾ SD.
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Table 3 Symptom scores at baseline and on the eighth visit for all patients followed up (N = 81) and patients in the upper
tertile of the respective baseline symptom score

Mean
Paresthesia
Pain
Burning sensation
Sleeping disturbances
Numbness

All Patients Followed Up (N = 81)

Patients in the Upper Tertile of Symptom Scores

Baseline

8th visit

Baseline

8th visit

(N)

5.1 ⫾ 2.1
5.2 ⫾ 2.4
5.1 ⫾ 3.0
5.2 ⫾ 3.1
4.8 ⫾ 2.8
5.4 ⫾ 3.1

3.8 ⫾ 2.1**
3.8 ⫾ 2.4**
3.7 ⫾ 2.7**
3.7 ⫾ 2.4**
3.4 ⫾ 2.5**
4.6 ⫾ 2.8*

7.6 ⫾ 1.1
7.5 ⫾ 1.5
8.3 ⫾ 1.0
8.5 ⫾ 1.2
7.9 ⫾ 1.4
8.6 ⫾ 1.1

5.6 ⫾ 2.0**
4.9 ⫾ 2.2**
5.7 ⫾ 2.4**
4.9 ⫾ 2.5**
4.6 ⫾ 2.8**
6.5 ⫾ 2.4**

(26)
(30)
(31)
(29)
(30)
(33)

* P < 0.01; ** P < 0.001 as given by paired t-test.
(N) is the number of patients in the upper tertile of the respective baseline symptom score that were followed up to visit 8.
Data are given as mean ⫾ standard deviation.

protocols will have to include measures of depression as additional endpoint which is known to have
important associations with symptomatic neuropathy and treatment effects [8].
In the lack of a control group, numbers needed
to treat can be estimated utilizing placebo data from
previously published studies on tricyclic antidepressants and traditional anticonvulsants in which a
moderate relief of pain by 30% was considered as
the cut-off for treatment response [5]. In these
published studies [9–12], 4 out of 81 patients on
placebo treatment experienced a moderate ⱖ30%
symptom relief compared with 38 out of the 81
patients treated with EMS in this study. This would
correspond to a number needed to treat of 2.4 in
our study and argue for EMS being a very effective
treatment option. However, these considerations
remain speculative and treatment effects need to be
clarified in future placebo-controlled trials. A specific placebo device that causes superficial skin
stimulation without influences on muscle and
nerves was not available for this study and will have
to be constructed for this purpose.
In conclusion, EMS was shown to be of some
benefit in ~40–70% of the type 2 diabetes patients
treated depending on the definition of treatment
response (i.e., ⱖ30% reduction in mean symptom
score or self-reported), is free of significant side
effects, and led to an accentuated improvement in
burning sensations and sleeping disorders. Fortyone percent of patients currently or previously
treated with pain medication had an improvement
of mean symptoms by ⱖ30%. This data have to be
judged in view of the results obtained in clinical
trials of pharmaceutical interventions that resulted
in numbers needed to treat of ~2–4 and led to
significant side effects [13–16]. This study was
performed in an uncontrolled design. Future
controlled trials including pharmaceutical interventions will be needed to clearly define the clinical and economic efficacy of this treatment option.
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High-Tone External Muscle Stimulation in
End-Stage Renal Disease: Effects on
Symptomatic Diabetic and Uremic Peripheral
Neuropathy
A. Klassen, Dipl-Psych,* B. Di Iorio, Dr med,† P. Guastaferro, Dr med,† U. Bahner, Prof
Dr med,‡ A. Heidland, Prof Dr med Dr hc mult,*‡ and N. De Santo, Prof Dr med§
Objective and Design: Pain and peripheral neuropathy are frequent complications of end-stage renal disease
(ESRD). Because drug treatment is associated with numerous side effects and is largely ineffective in many maintenance hemodialysis (MHD) patients, nonpharmacologic strategies such as electrotherapy are a potential recourse.
Among various forms of electrostimulation, high-tone external muscle stimulation (HTEMS) is a promising alternative
treatment for symptomatic diabetic peripheral polyneuropathy (PPN), as demonstrated in a short-term study. Based
on these novel ﬁndings, we performed a prospective, nonrandomized, pilot trial in MHD patients to determine (1)
whether HTEMS is also effective in treating diabetic PPN in the uremic state, and (2) whether uremic PPN is similarly
modulated.
Patients and Interventions: In total, 40 MHD patients diagnosed with symptomatic PPN (25 with diabetic and 15
with uremic PPN) were enrolled. Both lower extremities were treated intradialytically with HTEMS for 1 hour, three
times a week. Initially, a subgroup of 12 patients was followed for 4 weeks, and a further 28 patients for 12 weeks.
The patients’ degree of neuropathy was graded at baseline before HTEMS and after 1 and 3 months, respectively.
Five neuropathic symptoms (tingling, burning, pain, numbness, and numbness in painful areas) as well as sleep disturbances were measured, using the 10-point Neuropathic Pain Scale of Galer and Jensen (Neurology 48:332-338,
1997). A positive response was deﬁned as the improvement of one symptom or more, by at least 3 points. Other
parameters included blood pressure, heart rate, dry body weight, and a routine laboratory investigation.
Results: The HTEMS led to a signiﬁcant improvement in all ﬁve neuropathic symptoms, and to a signiﬁcant reduction in sleep disturbances for both diabetic and uremic PPN. The response was independent of the patient’s age, with
a responder rate of 73%. The improvement of neuropathy was time-dependent, with the best results achieved after
3 months of treatment. The HTEMS was well-tolerated by nearly all patients.
Conclusions: This pilot study shows for the ﬁrst time that HTEMS can ameliorate the discomfort and pain associated with both diabetic and uremic PPN in MHD patients, and could be a valuable supplement in the treatment of
pain and neuropathic discomfort in patients who do not respond to, or are unable to participate in, exercise programs
during hemodialysis treatment.
Ó 2008 by the National Kidney Foundation, Inc.

*Department of Internal Medicine, University of Würzburg,
Würzburg, Germany.
†Division of Nefrologia, Ospedale A. Landolfi, Solofra, Italy.
‡Foundation for Dialysis-Kidney Center, Würzburg, Germany.
§Department of Pediatrics, University of Naples, Naples, Italy.
Address reprint requests to August Heidland, MD, PhD, Department of Internal Medicine, University of Würzburg, and Foundation
for Dialysis-Kidney Center Würzburg, Hans-Brandmann-Weg 1,
D-97080 Würzburg, Germany. E-mail: August.Heidland@

t-online.de
2008 by the National Kidney Foundation, Inc.
1051-2276/08/1801-0009$34.00/0
doi:10.1053/j.jrn.2007.10.010
Ó

46

P

AIN IS A FREQUENT COMPLICATION
of end-stage renal disease (ESRD), and has a
profoundly negative impact on patients’ quality of
life. In particular, in peripheral diabetic neuropathy, loss of sensation is a forerunner of neuropathic
ulcers and the leading cause of amputation.1
According to a prospective Canadian study of
maintenance hemodialysis (MHD) patients, pain
was prevalent in .50% of patients, of whom
83% reported a pain intensity ranging from
moderate to severe.2 Most patients suffered from
pain brought on by musculoskeletal disorders.
The prevalence of pain because of peripheral
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polyneuropathy (PPN) and peripheral vascular
disease averaged 13% and 10%, respectively.2
Moreover, the Pain Management Index was negative in 75% of patients, indicating the inefficacy
of many analgetic drug therapies (anticonvulsants,
tricyclic antidepressants, and opioids), which are
associated with a multitude of side effects, such
as sedation, nausea, and dry mouth.2
With regard to manifesting fewer side effects,
nonpharmacologic strategies are of growing importance. Unfortunately, relaxation techniques,
hypnosis, and meditation are of limited value.
There is evidence that aerobic exercise training
can modify the natural course of diabetic PPN,
or even prevent its onset.3 However, physical exercise (though strongly recommended) is difficult
to realize for many (often immobile) MHD patients, who have a low physical functional capacity
as a consequence of their multiple comorbidities.
In the management of pain, various forms of
electro-medical therapy figure prominently. Most
commonly used are transcutaneous electrical
nerve stimulation (TENS)4 and percutaneous electrical nerve stimulation (PENS), which combines
TENS and acupuncture.5 Both treatments were
shown to ameliorate painful diabetic neuropathy.
Another very effective therapy in patients with
painful diabetic PPN is spinal-cord stimulation
(SCS), which simultaneously improves exercise
tolerance.6 Spinal-cord stimulation also proved
successful in patients with intractable angina pectoris, in whom angioplasty or coronary bypass graft
surgery could not be performed.7,8 This form of
electrotherapy was also recommended for pain because of lower-limb ischemia in subjects unsuitable
for vascular reconstruction.9 Recently the effect of
SCS was studied in eight MHD patients. Within
a treatment period of 6 to 12 months, SCS dramatically lowered pain, improved patient quality of
life, and appeared to delay ischemic skin lesions
and amputation in patients at Leriche-Fontaine
stage 2 or 3.10 However, SCS therapy may be
associated with severe complications, such as
life-threatening infections (of 3% to 5% of SCStreated patients).11
Within the new generation of electrotherapy
techniques is the so-called ‘‘high-tone external
muscle stimulation’’ (HTEMS). Whereas classical
electrotherapy uses fixed carrier frequencies of
typically 4000 Hz, the frequencies of HTEMS
are continuously scanned from 4096 to 31,768
Hz, allowing for a much higher power of up to
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5000 mW to be introduced to the muscles treated.
In a short-term (3 consecutive days), comparative
investigation in subjects with symptomatic diabetic
PPN, HTEMS alleviated discomfort and pain
more effectively than did TENS. Moreover, this
kind of therapy exhibited no harmful side effects.12
Based on these novel findings, our objective
was to determine (1) whether HTEMS is likewise
effective in diabetic ESRD patients with symptomatic PPN, and (2) whether the uremic PPN
is similarly modulated. Subsequently, a multicenter
pilot study was conducted in MHD patients. The
results indicated a significant improvement of
pain and discomfort, in symptomatic uremic and
diabetic PPN.

Methods
A prospective, nonrandomized, clinical pilot
study was performed in MHD patients (with
moderate discomfort or pain for at least 3 months)
from five dialysis centers in Germany (KfH-Kidney Centers in Aschaffenburg, Frankfurt, Würzburg, the St. Marien Hospital in Duisburg) and
Italy (Ospedale A. Landolfi, Solofra). In total, 40
patients, aged between 50 and 93 years (71.8 SD
6 11.2 years), and who had received hemodialysis
for a minimum of 6 months, were enrolled.
Patients receiving MHD and with complicating
peripheral vascular disease were included in the
investigation. Analgetic drugs were permitted,
but were reduced to an as-needed basis.
We excluded patients with a pacemaker, a
recent myocardial infarction, severe congestive
heart failure, central neurologic disorders (e.g.,
Parkinson’s disease, epilepsy, or multiple sclerosis),
psychiatric disorders, and bacterial infections. The
baseline characteristics of patients are summarized
in Table 1.
The diagnosis of symptomatic PPN was based
on the medical history, a neurologic investigation,
and the presence of the following neuropathic
symptoms: tingling, burning, pain, numbness,
and numbness in painful areas, as well as sleep disorders.
External muscle stimulation was performed
with a HiTop 184 appliance (GBO Medizintechnik, Rimbach, Germany), which is a nonportable
230-V power-supply device.12 For HTEMS therapy, the electrodes were placed on the femoral
muscles, and in some cases on the calves as well
(Fig. 1). The intensity of electrical stimulation
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Table 1. Characteristics of Forty Maintenance Hemodialysis Patients Who Participated in This Study
Patient Characteristics
Age (y) (mean 6 SD)
Age range (y)
Sex (men/women)
Renal diagnoses
Diabetic nephropathy
Chronic glomerulonephritis
Ischemic renal failure
Pyelonephritis
Wegener’s Granulomatosis
Polycystic kidney disease
Peripheral arterial disease

All Patients (N 5 40)

Diabetic PPN (n 5 25)

Uremic PPN (n 5 15)

71.8 6 11.2
50–93
25/15

71.2 6 11.4
51–93
16/9

72.8 6 11.1
50–87
9/6

24
6
5
1
2
2
8

24
6
5
1
2
1
1

1
7

PPN, peripheral polyneuropathy.

was adjusted to suit the comfort level of each individual patient without producing discomfort or
pain. All subjects were treated for 1 hour during
the hemodialysis session, three times weekly. Initially, 12 patients were followed for 1 month, and
a further 28 patients were followed for a treatment
period of 3 months.
The primary outcome measure was the potential modulation of intensity of neuropathic symptoms. For purposes of grading these symptoms,
patients were requested to record their baseline
levels of pain and discomfort, using a visual 10point analogue scale, ranging from 0 (‘‘no symptoms’’) to 10 (‘‘worst ever felt’’).13 Improvement
was defined as a decline of $3 points of at least
one symptom.
Other recorded parameters included systolic
and diastolic blood pressure, heart rate, and dry
body weight. Further, a routine laboratory investigation was performed, including measurements
of albumin, C-reactive protein, and Hemoglobin
A1c (HbA1c) in diabetics.
All data are expressed as mean 6 SD. Changes
in the investigated parameters were calculated by

Figure 1. High-tone external muscle stimulation of
thighs and calves in a maintenance hemodialysis
patient with the HiTop 184 device (GBO Medizintechnik, Rimbach, Germany).

paired Student t test (two-tailed), with P , .05
considered statistically significant. All analyses
were performed using Microsoft Excel (Redmond, WA).

Results
In our 40 MHD patients, the neuropathic
symptoms of pain and discomfort exhibited significant improvements in terms of tingling, burning, pain, numbness, and numbness in painful
areas (P ,.005). Even the sleep disorders induced
by neuropathy were significantly improved during
long-term HTEMS therapy (P , .005) (Fig. 2).
The amelioration of symptoms of peripheral
neuropathy was observed after only 4 weeks of
HTEMS treatment in a subgroup of 12 patients.
Concerning the underlining neuropathy, the response was significant in both uremic and diabetic
polyneuropathy, with the exception of the neuropathic symptom ‘‘numbness in painful areas.’’ In
that case, the improvement in patients with uremic polyneuropathy was not statistically significant. The response was independent of patients’
age or sex.
When defining a positive response as the improvement of one symptom or more by at least
3 points, the response rate for all 40 MHD patients
averaged 73% (29 out of 40). In the subgroup of
patients with uremic PPN, the response rate was
higher compared with their counterparts with
diabetic PPN (11 out of 15, or 80%, versus 18 out
of 25, or 72%).
When comparing the improvement of neuropathic symptoms in the initial subgroup of 12
patients treated with HTEMS for 4 weeks with
the 28 patients treated for 12 weeks, the difference

HIGH-TONE EXTERNAL MUSCLE STIMULATION IN ESRD
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Effects of HTEMS on Neuropathic Symptoms in MHD Patients (N = 40)
Before HTEMS

After HTEMS

10
9
8

Intensity

7
6

**

**

**

**

**

**

5
4
3
2
1
0
Tingling

Burning

Pain

Numbness

Neuropathic Symptoms

in response rate was considerable, at 58% (7 out
of 12) versus 79% (22 out of 28), respectively. The
response rate was clearly dependent on the duration of HTEMS treatment.
The HTEMS was well-tolerated by all subjects
in the study, apart from one patient who reported
enhanced nervousness and sleeplessness after only
three sessions of treatment. She was subsequently
excluded from the investigation. After 4 to 6
weeks, some patients reported an increase in overall well-being, accompanied by a rise in muscle
strength.
During the treatment period, HTEMS had no
significant effect on systolic and diastolic blood
pressure or on heart rate. Similarly, there were
no significant changes in dry body weight. Concerning blood chemistry, the albumin concentration was followed in 26 MHD patients. Whereas
there was no significant change within the first 4
weeks of HTEMS, after 12 weeks of treatment,
a clear trend toward a higher albumin concentration was observed. There were no significant
changes in C-reactive protein and HbA1C in
the diabetic MHD patients.

Discussion
In our prospective, nonrandomized pilot study
of MHD patients, we found significant improvement in the neuropathic symptoms of tingling,
burning, pain, numbness, and numbness in painful areas. The response was comparable between

Numbness in
Painful Areas

Sleeping
Disorders

Figure 2. Effects of hightone external muscle stimulation (HTEMS) on ﬁve
neuropathic
symptoms
and on sleeping disorders
in maintenance hemodialysis patients. (**P , .005).

patients with diabetic PPN and those with uremic
PPN. This implies that HTEMS alleviates neuropathic symptoms of different pathogeneses. In
addition, patients’ quality of sleep was significantly
improved, in terms of less frequent nighttime
waking on account of pain and discomfort. The
treatment effects were clearly dependent on the
duration of HTEMS therapy, with the best results
observed after .4 weeks.
Our data correspond with, and extend, the earlier investigation of short-term (3 consecutive
days) HTEMS treatment.12 Similarly positive observations were made by Humpert et al.17 during
an 8-week treatment period in 27 patients with
painful diabetic neuropathy.
To date, the mechanisms underlying the improvement in neuropathic symptoms after electrotherapy are not well-understood. In various
investigations, improved microcirculation after
electrotherapy was shown.17–19 This effect is particularly pronounced when using epidural spinalcord electrical stimulation in patients with severe
limb ischemia.9 Electrical stimulation was also
shown to improve wound-healing in patients
with diabetic ulcers.20 Enhanced microcirculation, as induced by electrical stimulation, could
be of therapeutic value with regard to the lowered
microcirculation in the peripheral nerves of patients with diabetic neuropathy.
Another possible underlying mechanism of
electrotherapy is the activation of dorsal columns.
Here, pain input is interrupted via inhibition of
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the C fibers.14 Recently, high-frequency TENS
was shown to decrease human motor cortex
excitability.15 Further, it decreased levels of the
excitatory amino acids, glutamate and aspartate, in
the dorsal horn.16
Of particular interest are the metabolic effects
of electrotherapy, which was shown to increase
muscle oxidative capacity.21 Electrical stimulation
of the lower extremities of healthy humans was
shown to enhance energy consumption, carbohydrate oxidation, and whole-body glucose uptake during a euglycemic clamp.22 Compared
with voluntary cycling exercise at an identical
intensity, electrostimulation resulted in a higher
respiratory gas exchange ratio, indicating higher
carbohydrate oxidation. Furthermore, the enhanced glucose removal was not limited to the
exercise period, but persisted after the exercise
period for at least 90 minutes, in contrast to voluntary exercise.23 In paraplegic patients, 8 weeks
of treatment (3 hours/week) enhanced the glucose transporters 1 and 4, oxidative capacity,
and insulin sensitivity.24
In line with these observations of enhanced
glucose metabolism, HTEMS (1 hour/day)
induced a significant improvement in HbA1c
(–0.6%) over a treatment period of 6 weeks, associated with a decline in body weight (–1.4 kg).25
After the discontinuation of therapy, a renewed
deterioration of these parameters occurred. In
contrast to these findings, we did not observe a significant change in HbA1c in our diabetic MHD
patients, which may be a consequence of the
lower treatment frequency of HTEMS therapy
in our investigation (1 hour, 3 times/week). In
fact, in two other patients treated daily with
HTEMS (data not shown), an improvement in
HbA1c and overweight was observed.
Aerobic and resistance exercise are generally
recommended in MHD, particularly to improve
the prevalent sarcopenia and physical fitness of
these patients.26 In principle, similar positive effects could be achieved by HTEMS in immobile
patients with low physical functional capacity,
making electrotherapy a viable, intermediate
treatment strategy.

Conclusion
According to our data, long-term treatment
with HTEMS in MHD patients can lead to significant improvement of neuropathic symptoms.

Many patients also reported a subjective improvement of their general well-being, with greater
muscle strength. The greatest shortcoming of
our study was the lack of a control group, insofar
as no placebo intervention could be implemented.
High-tone external muscle stimulation should be
considered for patients with symptomatic peripheral neuropathy who do not respond to, or are
unable to participate in, exercise programs during
hemodialysis treatment.
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Neuro-muscular
electro-stimulation:
Outlooks for patients
with renal disease

It is our pleasure to provide the readers
of Clinical Nephrology the lecture contributions of the International Workshop on
Electrical Muscle Stimulation: Perspectives
in Patients with Renal Disease, which took
place on September 9, 2010 in Taormina,
Sicily, Italy. The symposium was organized
to present and discuss the results of a new
form of electrotherapy, the so-called hightone external muscle stimulation (HTEMS).
The value of this treatment lies in its marked
analgesic effects in various pain conditions,
in particular in peripheral neuropathy. For
dialysis patients, its application is especially
convenient, as it can be administered during
the dialysis session and without any relevant
side effects.
Aside from its pain-relieving properties, HTEMS may beneicially modulate the
course of acute renal failure, by inluencing
protein catabolism and renal function. The
irst observations are a challenge to perform
further, in-depth investigations.
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