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Transcutaneous Electrical Nerve Stimulation and Microcurrent Electrical
Neuromuscular Stimulation on Pain Behaviors in Rats
with an Experimental Neuropathy

Yun-Ju Lee, M.Sc., R.P.T., Chung-Hwi Yi, Ph.D., R.P.T., Sang-Hyun Cho, M.D., Ph.D.
Joong Woo Leem, Ph.D." and Taick Sang Nam M.D., Ph.D.!

Department of Rehabilitation Therapy, College of Health Science, Yonsei University,
Institute of Health Science, Yonsei University;
'Department of Physiology, Yonsei University College of Medicine

Objective: The present study was conducted to investigate the effects of transcutaneous

electrical nerve stimulation (TENS) and microcurrent electrical neuromuscular stimulation

(MENS) on pain-like behaviors developed in rats with an experimental neuropathy.

Method: Neuropathic surgery was done by a unilateral ligation of L5 and L6 spinal nerves

of the rat. Allodynic behavior was examined by measuring foot withdrawal frequency in response

to 10 applications of a von Frey filament (2.5 g) to the plantar surface of the foot. Ongoing pain
behavior was examined by measuring cumulative time in 3 min that the rat lifted its foot off a
plate held at cold temperature (5°C). TENS (square pulses; 3 Hz, 30 mA) or MENS (bipolar pulses;
10 Hz, 300 pA) was applied for 15 min or 5 min, respectively, to the skin of the affected foot.

Results: Behavioral signs of mechanical allodynia and cold-induced ongoing pain had developed
after nerve injury. Either TENS or MENS, when applied once, alleviated allodynic behavior, lasting
up to 2 hrs. Such an alleviation lasted much longer when TENS or MENS was applied repeatedly
(once a day for 6 days); 3 days by TENS and 1 day by MENS. Cold-induced ongoing pain behavior,

however, was not affected by the repeated application of either TENS or MENS.

Conclusion: The results suggest that both TENS and MENS are useful tools for the treatment
of mechanical allodynia. Repeated application of TENS or MENS is more effective in alleviating

mechanical allodynia than its single application. Either TENS or MENS, however, seems not

effective in alleviating cold-induced ongoing pain.

Key Words: Neuropathic pain, Transcutaneous electrical nerve stimulation, Microcurrent elec-

trical neuromuscular stimulation
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Fig. 1. Time courses of mechanical sensitivity and cold-
induced spontaneous foot lifting. (A) The frequencies of
foot withdrawals to repeated mechanical stimuli applied
with a von Frey filament (2.5 g) to the hind-paw were
expressed as percent of trials. (B) The cumulative duration
of foot lifts off the cold plate (5°C) was measured during
a 3 min observation period. The L5 and L6 spinal nerves
were ligated on the left side 1 day after pre-operative tests
(Pre) and measurements were made from both sides. Data
were expressed as mean+SE. Asterisks indicate values
significantly different from the pre-operative control value
(p<0.05 by the Friedman test followed by multiple com-
parisons in A or by one-way repeated ANOVA in B).
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Fig. 2. Effects of TENS or MENS applied once on en-
hanced mechanical sensitivity. The left L5 and L6 spinal
nerves were ligated 1 week prior to this experiment. The
mechanical sensitivity of both feet was measured as in
Fig. 1A and only the data taken from the experimental
(left) side of the foot are shown. Measurements were
initially made 1 day prior to TENS or MENS treatment
(Pre), which was applied for 15 min or 5 min, respec-
tively, to the skin of the affected foot, and then made in
the post-treatment periods of 30 min, 1 hr, 2 hrs and 3
hrs. Corresponding measurements were made from rats
with sham surgery and no treatment. Asterisks indicate
values significantly different from the pre-operative
control value (p<0.05 by the Friedman test followed by
multiple comparisons).
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Fig. 3. Effects of TENS or MENS applied repeatedly on
enhanced mechanical sensitivity. The mechanical sensi-
tivity was measured as in Fig. 1A. The LS and L6 spinal
nerves were ligated on the left side. Measurements were
made on the operated side 1 day prior to the spinal nerve
ligation (Pre) and the subsequent days in the postoperative
(PO) periods. Starting from PO9, TENS or MENS
treatment was applied with the use of the same means as
in Fig. 2 once a day for 6 days during which measure-
ments were made 30 min after offset of treatment at PO9,
PO11 and PO13. Data were obtained from three groups.
Asterisks indicate values significantly different from the
value at PO7 in each group (p<0.05 by the Friedman test
followed by multiple comparisons).
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Fig. 4. Effects of TENS or MENS applied repeatedly on
enhanced cold-induced spontaneous foot lifting. Cold-
induced spontaneous foot lifting was measured as des-
cribed in Fig. 1B. All procedures used for this experiment
were the same as in Fig. 3, except for measurements.
Graphs shown were from three groups. In each group,
values obtained during treatment and post-treatment
periods were not significantly different from the value at
PO7 (p>0.05 by one-way repeated ANOVA).
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