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Electrical stimulation has been used 
for decades to treat a wide variety of 
musculoskeletal and neuromuscular 
problems. Uses of electrical stimulation 
range from increasing volitional control 
through motor and sensory stimulation 
to inhibition of spasticity.1 Recent tech
nology has enhanced the application of 
electrical stimulation because modern 
stimulator units are small, portable, and 
easy to use. This case report describes 
the effectiveness of electrical stimulation 
in counteracting chronic toe-flexor spas
ticity and in improving the gait of a 
young man who suffered a head injury. 

PATIENT DATA 

The patient was a 32-year-old man 
who sustained a closed head injury from 
an auto accident in January 1981. After 
one month of hospitalization, he had 
made a relatively satisfactory recovery 
from the head injury but had developed 
an unusual and painful gait. For two 
years after the accident, he suffered from 
chronic muscle spasms and hypertonic
ity in the left lower leg and foot that 
resulted in constant hyperflexion of the 
left toes. The patient had been under 
the care of a variety of physicians and 
assessed by several orthotists. At the 
time of this study, medications pre
scribed included 100 mg of phenytoin 
sodium and 100 mg of ibuprofen, both 
taken three times a day. 

The patient's left toes were extremely 
flexed, and he was unable to assume a 
full plantigrade position. Instead, he was 
forced to walk on his heel, keeping the 
forefoot completely off the ground. The 
patient walked without an assistive de
vice, but his gait was slow and stiff. He 

was hesitant to shift his body weight 
onto the left lower extremity during 
stance because of the painful toe flexion. 
Further gait analysis revealed hip exter
nal rotation and abduction during swing 
and stance and decreased knee flexion 
during swing. 

Severe hypertonicity was present in 
the following left leg muscles: tibialis 
anterior, tibialis posterior, peroneus lon-
gus, peroneus brevis, gastrocnemius, so-
leus, and, especially, the flexor hallucis 
longus and the flexor digitorum longus. 
Muscle spasms occurred frequently, in
creasing the severity of the toe flexion. 
These muscle spasms oscillated from 
moderate to severe intensity and oc
curred at any time whether weight bear
ing or at rest. When at rest, the left toes 
were in constant flexion at the metatar
sophalangeal (MTP) and interphalan-
geal joints (Fig. 1 A) with toe extension 
only achieved passively with considera
ble force. Pain at the joints of the toes, 
especially the dorsal aspect of the MTP 
joints was associated with the severe 
muscle spasm. 

Active range of motion (ROM) was 
normal throughout both lower extremi
ties except for left ankle and toes, which 
were limited by hypertonicity. Active 
left ankle mobility was limited in all 
planes. Depending on the severity of the 
muscle spasm, passive forefoot and an
kle motion ranged from complete rigid
ity in all planes to full inversion, 5 de
grees of eversion, 10 degrees of dorsi-
flexion, and 20 degrees of plantar flex
ion. Hindfoot inversion and eversion 
varied from complete rigidity to full pas
sive movement. 

Muscle strength in both lower extrem
ities tested Normal for the ability of the 
muscle groups to maintain an antigrav-
ity position against maximum pressure. 
The strength of the left toes was difficult 
to assess because of the hypertonicity, 
but if passively extended, the toes were 
unable to maintain an antigravity ex
tended position because of the toe-flexor 
hypertonicity. 

The chronic toe-flexor spasms re
sulted in a nonfunctional left foot and 
constant discomfort throughout the leg 

Fig. 1. Position of patient's foot: (A) Without electrical stimulation, toes are hyperflexed; (B) 
with electrical stimulation, all toes are extended and the foot is plantigrade. 
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and foot. According to the patient, he 
was constantly aware of his toes because 
the forcefulness of the contraction of the 
toe flexors made it difficult for him to 
concentrate on daily activities. His emo
tional status influenced the severity of 
the muscle spasms and the toe position. 
When he was anxious or depressed, his 
toes became extremely tensed and hy-
perflexed. 

TREATMENT 

The primary goal of treatment was to 
alleviate the constant toe discomfort and 
to correct toe posturing to improve the 
patient's gait. Before using electrical 
stimulation, I used static stretching and 
prolonged ice to relax the leg and foot, 
but these treatments did not change the 
toe posture. I selected a portable Re
spond II neuromuscular stimulator 
unit* to facilitate the toe extensors to 
inhibit the toe-flexor spasticity. 

I used two surface electrodes (3.7 cm 
× 5 cm) and placed the active electrode 
over the motor point of the extensor 
digitorum longus muscle and the indif
ferent electrode over the motor point of 
the extensor hallucis longus muscle. 
These locations were found to be the 
most sensitive to electrical stimulation 
and elicited the appropriate response. 
After trying a variety of stimulation set
tings, the following adjustments proved 
to be the most beneficial and best tol
erated by the patient: pulse rate of 30 
pulses per second, amplitude of 50 mA, 
amplitude rise time of 4 seconds, and 
amplitude fall time of 2 seconds. Stim
ulation time "on" was 55 seconds (max
imum for unit) with a 2-second "off" 
time. 

I treated the patient over a five-month 
period for a total of 16 treatments of 
electrical stimulation and gait training. 
He was treated three times a week for 
the first two weeks to determine the 
proper electrode placements, number of 
electrodes to be used, and the appropri
ate stimulation settings. Initial treat
ment during the first week of therapy 
was 30 minutes of stimulation for each 
session. The patient received an electri
cal stimulation unit for use at home after 
the first week of therapy. After receiving 
instruction in the proper use of the unit, 
the patient cycled stimulation at home 
during the course of a 12-hour day. The 

length of treatment sessions were grad
ually increased, and in the third week, 
1.5 hours of stimulation were tolerated 
with 45-minute rest periods between 
treatments. Because optimum benefit 
from the electrical stimulation occurred 
within the first 30 to 45 minutes, treat
ment beginning the fourth week con
sisted of cycled stimulation of 30 to 45 
minutes with 60- to 90-minute rest pe
riods between sessions. This protocol 
provided more relief time from the hy-
pertonicity over the course of the day 
and decreased any muscle fatigue from 
overstimulation. 

During the third and fourth weeks, 
the patient attended therapy twice a 
week to work on his gait pattern. In an 
attempt to help correct the patient's gait 
pattern during stimulation, I reminded 
the patient to spend increased time on 
the left leg during stance, to keep his 
toes pointed straight ahead, and to roll 
off the forefoot during terminal stance. 
He was asked to concentrate on his 
walking and practice what he had 
learned in therapy. I did bimonthly and 
monthly assessments in the second and 
third months and fourth and fifth 
months, respectively, to check the unit, 
electrodes, electrode placement, and the 
condition of the patient's skin. 

Patient Progress 
The patient achieved immediate and 

dramatic results with the unit during the 

first treatment session. With stimula
tion, all toes were fully extended and the 
patient was able to extend and abduct 
his toes volitionally. He had been unable 
to perform this movement since his ac
cident. With the improved toe position, 
he was also able to weight bear fully and 
assume a plantigrade position during 
stimulation (Figs. 1A and B). After heel 
strike, he shifted weight laterally onto 
his left lower extremity, accomplishing 
a flat-foot posture during mid-stance 
and heel-off with MTP extension in ter
minal stance (Figs. 2A and B). 

The patient gained significant reduc
tion and, at times, complete relief from 
the toe-flexor spasm during stimulation. 
Decreased hypertonicity during stimu
lation allowed volitional toe movement 
in all planes, which greatly decreased 
the toe-joint pain. The toe-flexor spasms 
continued during stimulation, but re
sultant toe flexion was minimal com
pared with toe posturing without stim
ulation. 

Over the five-month period, the pa
tient demonstrated good tolerance to the 
electrical stimulation with no com
plaints of muscle fatigue or skin irrita
tion. He reported experiencing tempo
rary muscle relaxation and comfort at 
the ankle and foot for a short period of 
time after stimulation. The muscle re
laxation was evident in increased passive 
ankle ROM, which varied from mini
mal increase in motion to full inversion 
and eversion, 20 degrees of dorsiflexion, 

Fig. 2. Preswing phase of gait: (A) Without electrical stimulation, patient cannot roll onto 
forefoot because of toe flexion; (B) with electrical stimulation, patient is able to roll onto forefoot 
with functional toe extension. 
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and 45 degrees of plantar flexion after 
stimulation. No noticeable change oc
curred in active ankle ROM or active 
toe ROM after electrical stimulation. 
After the stimulator was turned off, the 
patient's toes resumed a hyperflexed po
sition equivalent to the toe position be
fore stimulation. 

SUMMARY 

Electrical stimulation reduces hyper-
tonicity, but the mechanism for the ef
fectiveness is not well understood.1"3 In 
this particular case, electrical stimula
tion to the toe extensors resulted in in
hibition of the toe-flexor hypertonicity. 
This phenomenon may be explained by 
Sherrington's theory of reciprocal inhi
bition.4 Liberson found that electrical 
stimulation of an agonist is associated 
with a concomitant inhibition of the 
antagonist in the healthy individual.4 I 

applied Liberson's findings in my treat
ment of the patient. By facilitating the 
toe extensors, and thus inhibiting the 
toe flexors, toe posturing improved con
siderably and allowed the patient voli-
tionally to control his toes, which, in 
turn, improved his foot and toe comfort. 
Stimulation also allowed the patient to 
assume a plantigrade and forefoot 
weight-bearing position to improve his 
gait. 

This patient benefitted dramatically 
from the use of electrical stimulation in 
inhibiting hypertonicity, and I believe 
this modality may be helpful in other 
cases dealing with increased muscle 
tone. The patient will continue to be 
observed on a regular basis for reassess
ment of the long-term effects of electri
cal stimulation on hypertonicity and on 
the skin at the electrode sites.5 
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