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The Comparison of Effectiveness
of TENS and Placebo TENS in Peripheral

Neuropathic Pain in Patients with
Type II Diabetes Mellitus

Tip 2 Diabetes Mellituslu Hastalarda
Periferik Noropatik Agrida TENS ve
Plasebo TENS’in Etkinliginin Karsilastirilmas:

ABSTRACT Objective: Diabetic peripheral neuropathic pain affects the functionality, mood, and sleep pat-
terns of approximately 10 to 20 percent of patients with diabetes mellitus. Treatment goals include restoring
function and improving pain control. In this study we aimed to compare the efficacy of transcutaneous elec-
trical nerve stimulation (TENS) and placebo TENS in the treatment of peripheral neuropathic pain in patients
with type II diabetes mellitus (DM). Material and Methods: Forty patients who were diagnosed as type Il DM
with peripheral neuropathy were enrolled to this study. Patients were randomly divided into two groups as
Group A (n=20) TENS group and Group B (n= 20) placebo TENS group. Forty-eight hours before the be-
ginning of TENS therapy, the drugs used for the treatment of neuropathic pain were discontinued. The elec-
trodes of the TENS were bilaterally placed on the lumbosacral region, 3 cm lateral of the vertebral column.
The frequency of the electrostimulation which was used in Group A patients was 80 hertz and the amplitude
was high enough to create paresthesia. No electrostimulation was given to Group B patients. TENS was ap-
plied 30 minutes daily and the procedure was continued for 20 days in both groups. Visual analog scale (VAS)
scores and pain grades of the patients at certain times were taken into account for evaluating the effective-
ness of the procedure. Results: The demographic data of the groups were not significantly different. Although
VAS scores before procedure and on the 5% day of the procedure were not significantly different between
groups (p> 0.05), VAS scores on 10" and 20™ days of the procedure in Group A were significantly lower than
Group B (p< 0.001). There was no significant difference between pain grades of Group A and B at the be-
ginning of the study, but pain grades in Group A were significantly lower than Group B when evaluated at
the end of the study (p< 0.001). Conclusion: Treatment of the patients with DN is a challenging for the physi-
cians. TENS can be used as an efficient and safe treatment option especially in DN patients in whom phar-
machologic treatment is contraindicated or inefficient. Placebo TENS has a limited placebo effect in diabetic
neuropathy patients.
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OZET Amag: Diabetik periferik néropatik agri, DM’lu hastalarin yaklasik %10-20’sinde giinliik aktiviteleri,
duygu durumu ve uyku diizenini etkilemektedir. Tedavi amaglar1 fonksiyonlar1 diizeltmek ve agr1 kontrolinii
saglamayi icerir. Bu ¢alismada diabetes mellituslu hastalarda periferal néropatik agr1 tedavisinde transkiitanoz
elektriksel sinir stimiilasyonu (TENS) ve plasebo TENS’in etkinligini kargilagtirmay1 amagladik. Gereg ve
Yoéntemler: Tip 2 diabetes mellitus tanisi almis periferik noropatili kirk hasta calismaya dahil edildi. Hastalar
iki gruba randomize edilerek TENS alanlar Grup A (N= 20), plasebo TENS alanlar Grup B (N= 20) olarak
ayrildilar. Periferik néropati igin kullanilmakta olan ilaglar TENS tedavisinden 48 saat 6nce kesildi. TENS i¢in
elektrodlar lumbosakral bolgede vertebral kolonun 3 cm lateraline yerlestirildi. Grup A’daki olgularda
elektrostimulasyon frekans1 80 Hz ve amplitiid parestezi olusturacak ol¢iide yiiksek tutuldu. Grup B olgularina
hig elektrostimiilasyon verilmedi. Her iki grupta TENS giinde 30 dk olarak 20 giin uygulandi. fslem etkinligini
belirleyebilmek amaciyla hastalarda belli zaman araliklariyla viziiel analog 6lgegi (VAS) skorlar1 ve agr1
dereceleri 8lgiildii. Bulgular: Gruplar arasinda demografik veriler yéniinden anlamli farklilhk yoktu. Islem
oncesi ve islemin 5. giiniinde VAS skorlar1 yoniinden gruplar arasinda farklilik olmamakla birlikte, Grup
A’min 10. ve 20. giinlerdeki VAS skorlar1 grup B’ninkilerden anlamli olarak daha diisiiktii. Caligma
baslangicinda gruplar arasinda agr1 dereceleri yoniinden fark olmamasina ragmen, ¢alisma sonunda Grup
A’nin agn dereceleri Grup B'ninkilerden anlamli derecede daha diisiiktii. Sonug: Diabetik noropatik agrisi
olan hastalarin tedavisi ciddi bir problemdir. TENS 6zellikle farmakolojik tedavinin kontrendike veya yetersiz
oldugu diabetik néropati hastalarinda etkin ve giivenilir bir tedavi segenegidir. Plasebo TENS diabetik
noropatik agrida sadece sinirh plasebo etki gostermistir.

Anahtar Kelimeler: Diabetes mellitus; diyabetik noropatiler; transkiitanoz elektriksel sinir stimulasyonu
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iabetic neuropathy (DN), which is the most

frequently seen type of neuropathy, is a

common complication of diabetes mellitus
(DM) that is often associated with considerable
morbidity and mortality.! DN affects 20-30% of di-
abetic patients.” In several studies, plasma glucose
levels were found as the most important determi-
ning factor for DN and it is shown that the occur-
rence of DN was related to age, male sex, height
and duration of the DM.? Patogenesis of diabetic
neuropathy is complex. Chronic hyperglycemia is
a major factor that induces nerve fiber injury. High
level of glucose stimulates the polyol pathway ca-
using osmotic stress and enhance reactive oxygen
species generation.* Increase in reactive oxygen
products and proteinkinase C pathway activation
causes endoneural microvascular changes which le-
ads to ischemia and hypoxia.> Recent studies con-
cerning the vascular hypothesis, oxidative stress,
the neurotrophic hypothesis, as well as the possi-
bility of the role of autoimmunity have revealed
new therapeutic options for DN.!

Treatment of the patients with DN is chal-
lenging for the physicians. The aim of the treat-
ment is to correct the mechanism that causes
neuropathy and to improve the symptoms. The tre-
atment of neuropathic pain is largely empirical, of-
ten relying on data from clinical trials and case
reports. However, it is necessary to achieve a strict
glisemic control and to treat pain by using analge-
sic agents, but these agents are usually insufficient
in this type of pain.® Consequently, diverse treat-
ments are used, including non-invasive drug ther-
apies (antidepressants, antiepileptic drugs and
membrane stabilizing drugs), invasive therapies
(nerve blocks, ablative surgery), and alternative
therapies (e.g., acupuncture, TENS).”

Transcutaneous electrical nerve stimulation
(TENS) is a procedure in which nervous system is
stimulated by using controlled, low voltage electri-
cal stimulations. TENS is used widely because it is
efficient, easily used and has few side effects.® Two
different theories have been proposed for the mec-
hanism of action of TENS. The most popular theory
is the gate control theory of pain. This theory pro-
poses that stimulation of large-diameter afferent fi-
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bers inhibits second-order neurons in the dorsal
horn and prevents pain impulses carried by small-
diameter fibers from reaching higher brain centers.
The second explanation for the mechanism of acti-
on of TENS is that it stimulates the release of endo-
genous opioids. Naloxone, an opioid receptor
antagonist, blocks the analgesia produced by low-
frequency electroacupuncture.’

In this study, we aimed to evaluate the effec-
tiveness of TENS in pain caused by diabetic neuro-
pathy and compare the efficacy of TENS with
placebo TENS.

I MATERIAL AND METHODS

Forty ASA I-III patients who were diagnosed with
type II DM and peripheral neuropathy who had the
symptoms and signs of peripheral neuropathy in lo-
wer extremities at least in previous 6 months were
enrolled to this study after the permission of local
ethics committee and written informed consents of
the patients. The patients have used different medi-
cal treatment options like gabapentin, pregabalin,
amitriptyline, tramadol and even non-steroidal an-
ti-inflammatory drugs several times during their ill-
ness, but they still had neuropathic pain complaints.
Exclusion criteria were pregnancy, patients with
electrical stimulation device, clinically apparent vas-
cular insufficiency in extremities, claudicatio inter-
mittens, cerebrovascular ischemia, psychiatric
disease, dementia and irritation or ulceration in skin.

Blood glucose levels of the patients were me-
asured four times a day during the study and the
values were below 200 mg/dl. Patients with uncon-
trolled glucose levels were not included in the
study.

In order to determine 50% decrease in VAS
values, sample size of each group should be 19 whi-
le Type I error a= 0.05 and Type II error f= 0.01.

Patients were randomly divided into two gro-
ups as Group A (n=20) TENS group, and Group B
(n=20) placebo TENS group. Forty-eight hours be-
fore the beginning of TENS therapy, the drugs used
for the treatment of neuropathic pain (analgesics,
tricyclic antidepressants etc.) were discontinued.
According to the table used for grading pain, the
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patients graded their pain as 2,3,4,5 were enrolled
to the study. The procedure, TENS device and Vi-
sual Analog Scale (VAS) were explained to the pa-
tients before the therapy. Double channel TENS
device (Aukewel, AK-2000-11I, Health Messenger)
with four electrodes was used. After skin cleaning
and applying hydrophilic gel to the electrodes, the
electrodes were bilaterally applied 3 cm lateral to
the vertebral column on the lumbosacral region.

Electrostimulation with a frequency of 80
Hertz and an amplitude high enough to create pa-
resthesia was used 30 minutes daily for 20 days in
Group A. The amplitude was increased gradually
to the peak point that neither disturbed the pati-
ent nor created muscle contraction. Before each se-
quence this amplitude level was established for
each patient.

In Group B, the electrodes were applied to the
same region of patients and electrostimulation with
alow amplitude was given to the patients and then
TENS device was switched off.

Patients in Group B were informed that they
might not be feeling the stimulation but it was not
necessary. This procedure was performed 30 min-
utes daily for 20 days. Active TENS was planned
for this group after our study finished. Age, gen-
der, neurological symptoms of the patients and du-
ration of DM were recorded.

VAS scores were recorded before and 5%, 10"
and 20™ days of the procedure. Pain grades of pati-
ents were recorded before study and on 20" day of
the procedure. Side effects due to TENS applicati-
on were also recorded. Criteria used for grading pa-
in were the following:'°

Grade 0: No symptoms.

Grade 1: Minimal burning pain with or with-
out paresthesias. Some discomfort but bearable. In-
significant problem in daily activities.

Grade 2: Mild burning pain with or without
paresthesias. Uncomfortable most of the day. Occa-
sional pain during night. Some disturbance of daily
activities. Patient wants treatment.

Grade 3: Burning pain of moderate intensity
with paresthesias disturbing the night sleep. Dis-
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tressing and distracting causing difficulty in daily
activities.

Grade 4: Intense burning pain, intermittent.
Presence of parasthesias. Significantly disturbed
night sleep due to pain. Unbearable. Patient unab-
le to function.

Grade 5: Extremely intense burning pain, con-
stant, excruciating. Presence of paresthesias. Very
disturbed night sleep. Patient asking for strong
analgesics.

Statistical analyses were performed using
Mann Whitney U test and student’s t test.

I RESULTS

No statistically significant difference was found be-
tween demographic charecteristics of the groups
(p> 0.05) (Table 1).

When side effects were compared, there was
no difference between the groups, except skin irri-
tation only in one patient in Group A (p> 0.05).

Although VAS scores before procedure and on
5% day of the procedure were not significantly dif-
ferent between groups (p> 0.05), VAS scores on 10®
and 20% days of the procedure in Group A were sig-
nificantly lower than Group B (p <0.001) (Figure
1).

There was no significant difference between
pain grades of Group A and B at the beginning of
the study, but pain grades in Group A were signi-
ficantly lower than Group B at the end of the study
(p< 0.001) (Figure 2).

I DISCUSSION

TENS is widely used in treatment of chronic pain.
It has also been used in DN as an alternative treat-
ment.!"13

TABLE 1: Demographic characteristics of the patients.

Group A (n=20) Group B (n=20) p
Age {year) 5845+ 15.9 62.05+19.9 0.531
Gender (Female/Male) 12/8 11/9 0.990
11.85+1.48 11.45+0.91 0.309
3.95+0.55 3.60+0.56 0.053

Duration of DM {year)

Duration of DN (year)
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FIGURE 1: VAS scores of the groups before and during the treatment.
Median (95%Cl).
VAS: Visual analog scale.
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FIGURE 2: Pain grades of the groups before and after the treatment.
Median (95%Cl).
VAS: Visual analog scale.

We assessed the efficacy of TENS and placebo
TENS in DN. There was a significant difference in
VAS scores on the 10" and 20" days of the treat-
ment and pain grades after the treatment between
Group A and Group B. There was a slight decrease
in VAS scores and pain grades after treatment in
placebo group, but the decrease was not significant.
Psychologic factors also play a role in chronic pain.
However, in our study, it was not clear whether
psychologic factors had a role in this limited place-
bo effect formed by TENS.

Placebo effect of TENS was assessed in a num-
ber of studies. In a study, Thornsteinson applied ac-
tive TENS for 20 minutes on three consecutive days
and placebo TENS on following three days to 93
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patients with chronic pain. They used two diffe-
rent TENS devices for active and placebo applicati-
on. At the end of the study, patients were asked to
choose one of the devices and most of the patients
chose the active electrotherapy applying device.'

In a study, Marchand et al. randomized 42 pa-
tients with low back pain into three groups as elec-
trotherapy group, placebo group and control group.
TENS was applied two times a week for 30 minu-
tes for a 10 week period. Pain in active electrothe-
rapy group decreased when compared to placebo
group after one week. However, there was no dif-
ference between pain scores of the groups during 3-
6 months follow-up period. It was concluded that
the effect of TENS lasted short and TENS should be
applied in a multidisciplinary approach combined
with other pharmacologic agents."

TENS is a frequently applied therapy in chro-
nic pain although evidence for effectiveness is in-
conclusive. Several types of TENS exist, based on
different combinations of frequency, pulse durati-
on and intensity. The precise mechanism of action
and the relevance of combinations of stimulus pa-
rameters are still unclear. Koke et al. compared the
effectiveness of TENS adjusted to different levels of
frequency and intensity in 180 chronic pain pati-
ents who were randomized into three groups. No
differences were found in patients’ assessment.
They made no definite conclusions on effectiveness
of TENS in the treatment of chronic pain.'!

Kumar and Marshall applied active and place-
bo TENS to patients with DN. They observed min-
imal placebo effect, but symptoms improved better
in active TENS group. Then, active TENS was app-
lied to patients in placebo group and symptoms we-
re improved significantly after active TENS
therapy.'

In a study by Gieue et al., the analgesic effects
of TENS and vibratory stimulation, used both sep-
arately and simultaneously, were compared in 24
patients suffering from chronic pain They obser-
ved that dual stimulation had stronger and more
long-lasting analgesic effects."

The efficacy of TENS is also associated with
the underlying pathology. Meyler et al. have used
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TENS in 193 chronic pain patients for six months
and they observed satisfactory improvement in
53% of pain caused by peripheral nerve damage,
69% of musculoskeletal pain and 75% of anginal
pain resulting from ischemic heart disease. There
was no response to the treatment in patients with
psychologic and social problems.'?

Johanson et al. applied high frequency TENS
during three different times (120, 60, 30 minutes)
to 72 patients with chronic pain. They observed
50% reduction in pain scores of patients. Improve-
ment in pain scores was usually seen between the
3 and 6" days of therapy. The best scores were se-
en in patients in whom TENS was applied for 120
minutes (50-100%) and improvement in pain was
minimal in patients in whom TENS was applied for
30 minutes or less (20%). Patients with neurogenic
pain, pain on extremities, low CSF endorphine le-
vels and in whom electrodes placed on pathways
of main nerve trunks responded better to TENS
therapy.'

In a double blind, randomized study, Forst et
al. compared 19 patients suffering from mild-to-
moderate symptomatic DN who received either
treatment with TENS or a placebo TENS. They
concluded that TENS was a convenient, non-phar-
macological option for primary or adjuvant treat-
ment of painful diabetic neuropathy."”

Our study group included patients only with
DN. Pain was localized to feet, leg and/or thigh.
We observed 75% and 10% reduction in pain gra-
des of patients in active electrotherapy and place-
bo groups, respectively. Decrease in pain grades
started approximately on the 10th day of therapy
in patients receiving active electrotherapy. VAS
scores on the 10" and 20" days of therapy were sig-
nificantly lower than basal VAS scores.

Electrodes can be placed on different areas on
body during TENS therapy in chronic pain patients.
It is reported that electrodes can be placed on the
painful area, proximal or distal to painful area or on
the area that the nerve, which innervates the pain-
ful area, travels nearest to the surface of the body.'

The effect of placement of the electrodes in
TENS therapy was discussed in a number of studi-
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es. Rao et al. placed the electrodes to three different
areas during TENS therapy in 114 chronic pain pa-
tients. Electrodes were placed to the painful area,
proximal to the peripheral nerve which innervated
the painful area or paravertebral area of associated
nerve root. TENS therapy was effective after 1-5
treatment sequences. They observed no relations-
hip between electrode placement and improvement
of pain. They concluded that TENS was effective es-
pecially in patients with peripheral neuropathy and
received no other treatment regimen before."

Somers and Somers applied TENS to a patient
with pain in left lower limb because of diabetic ne-
uropathy. The pain did not respond to oral analgesic
agents, benzodiazepines and tricyclic antidepressant
therapy before. They placed the electrodes to lum-
bar paravertebral region and they observed 38% de-
crease in pain after the first TENS therapy.?

Mannheimer and Carlsson compared two dif-
ferent stimulus frequency and electrode placement
in 19 patients with rheumatoid arthritis. They sho-
wed that high stimulus frequency and electrodes
placed on painful area were more effective than
low stimulus frequency and electrodes placed dis-
tally.”!

In our study, we placed the electrodes to lum-
bosacral paravertebral region in patients with DN
in lower limbs.

Skin may not be intact and pain perception can
be disturbed in patients with diabetic neuropathy
in lower limb. Pain perception of back is rarely dis-
turbed, and dorsal rami of sacral and lumbar nerves
innervate this area. Therefore, we placed the elec-
trodes to the lumbosacral paravertebral region.”

Agents used for the pharmachologic treatment
of DN can cause various side effects, like pancyto-
penia, dry mouth, sedation, nausea-vomiting, hep-
atitis, gastritis, nephrotoxicity, abormal ECG and
hypoglycemia.'"*> Application of TENS may be an
effective treatment for the pain of diabetic neuro-
pathy especially in patients pharmachologic treat-
ment is contraindicated.

In our study we observed skin reaction related
to electrode in only one of 40 patients.

917



Bulut ve ark.

Anesteziyoloji ve Reanimasyon

TENS is an alternative therapy which is
successfully used in DN without any side effects.

TENS is a safe method that can be used in tre-
atment of pain also in elderly. It has an important

role in treatment of especially DN, rehabilitation

1423 chronic pain.

after fractures and anginal pains.
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