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Abstract:-

BACKGROUND: Stroke is a condition in which Spasticity in the
body musculature greatly affect the functional independence of
the patients. Transcutaneous Electrical Nerve Stimulation
(TENS) is one of the useful modality to reduce Spasticity.

OBJECTIVE: The purpose of this study was to investigate the
effectiveness of Transcutaneous Electrical Nerve Stimulation
over Gastrocnemius muscle spasticity among hemiparetic
patients.

STUDY DESIGN: Quasi-experimental study design, pre and
post type.

PROCEDURE: Ten subjects were randomly allocated into two
groups (Group A and Group B). For 5 subjects in Group A,
conventional therapy was given (Passive stretching and Passive
range of motion). For other 5 subjects in Group B,
Transcutaneous electrical nerve stimulation was applied over
belly of Gastrocnemius muscle for 60 minutes at 100 Hz
frequency, 200 microseconds of pulse width with 2 or 3 times
sensory threshold along with conventional therapy was given.
Modified Ashworth Scale was measured before and after the
treatment.

RESULTS: The TENS group showed a significant reduction in
spasticity of Gastrocnemius, compared to the conventional group
(p<0.05).

CONCLUSION: On the basis of this study, it shows that
application of TENS over Gastrocnemius, can reduce the muscle
spasticity in stroke patients.

Key Words: Stroke, Spasticity, Transcutaneous electrical nerve
stimulation (TENS), Modified Ashworth Scale. (MAS).

I. INTRODUCTION

troke is caused by the interruption of the blood supply to

the brain, usually due to a blood vessel bursts or is
blocked by a clot. A stroke is very similar to a heart attack,
only in this case, blood flow to brain is blocked, rather than
heart. Damage is occurred to the brain tissue, due to lack of
blood supply of oxygen and nutrients to the brain, resulting in
cerebrovascular accident.

There are two broad categories that strokes generally
occur and will define its pathophysiology. Ischemic strokes

occurs due to a blood clot at the site of occlusion called
thrombi or by a fatty plague deposition, causing sudden
blockage of arteries, which reduces the amount of blood to
pass through, and therefore the amount of oxygen getting to
the brain cells is reduced. Hemorrhagic strokes occurs due to
rupture of cerebral artery and spills over the tissues of brain.
This spilled blood forms a pooling inside the skull, resulting
in increased pressure on and causing further damage to the
brain tissue.

Stroke is a global health problem and it is the second
most cause of death and fourth leading cause of disability in
worldwide and hemiparesis is the most common chronic
disabling sequela after stroke. Approximately 20 million
people are suffering from stroke and among these, 5% of
people are fail to survive. Stroke is the first leading cause for
disability, second leading cause of dementia and third leading
cause of death in most of the developed countries.

Spasticity can be defined as an involuntary velocity
dependent which can result in increased resistance to passive
lengthening of muscles and tendons caused by a hyper-
excitability of stretch reflex (Mukherjee and Chakravarty
2010). Resistance to normal movements, interruption of
motor performance, an induced gait disturbances, severe pain
and contracture in joints and muscles are due to increased
spasticity (Lundqvist et al.1991; Sosnoff et al.2011).
Furthermore, increase in the muscle tone due to spasticity can
impedes the self-care activities of an individual and it may
result in balance disorders, thereby hindering the
independence of activity of daily living (ADL) or increase in
individual’s dependency while performing their Activity of
Daily Living. (Doan et al.2012).

The effect due to spasticity includes the restriction of
cognitive activities on which an individual decides on
performing a course of action like static posturing of limbs,
painful muscle spasm, hyperactive reflexes, abnormal posture
and development of contracture in severe cases.

Stroke widely affects the structural and metabolic
changes in the skeletal muscles. Muscle alterations in stroke
include gross atrophy in bulky muscle and shift to fast myosin
heavy chain in the hemiparetic leg muscle which are related to
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severity in deficit to gait. Skeletal muscle is a major site for
insulin-glucose metabolism and increased production of
inflammatory pathway activation and oxidative injury in
skeletal muscles can lead to atrophy or wasting of muscle by
changing its normal functions, and impaired insulin action.

The disability in patient due to stroke leads to a
relatively inactivity, especially in the hemiparetic contralateral
limb. Thus eccentric and concentric and isometric strength of
an immobilized muscle is greatly reduced. Physical inactivity
of such muscle results in reduced muscle mass and its
function. Muscle unloading may produces a huge net deficit in
certain  muscles like  quadriceps, hamstring and
Gastrocnemius. Length changes in gastrocnemius muscle
belly and its tendon at different passive tension and range of
motion are due to the ankle joint plantar flexion contractures
that chiefly affect the patient gait function and postural
stability.

The automatic postural tone is said to be an
adjustment of the muscle tone that occurs normally during a
movement task and this tone is widely affected or impaired in
stroke patients. Thus there will be lack in the ability to
stabilize trunk and the proximal joints resulting in the
resultant postural misalignment and impairment of balance in
stroke patients. Therefore, the aim of stretching is to improve
the viscoelastic properties of the muscle-tendon unit and to
increase its extensibility.

Transcutaneous electrical nerve stimulation (TENS)
is the most commonest therapeutic modality in physical
therapy which is used as a noninvasive treatment method.
Transcutaneous electrical nerve stimulation (TENS) is another
physical treatment that can be used over the spastic region, the
spinal dermatome or the peroneal nerve where, the electrical
stimulation is administered to certain regions. The spinal cord,
the rostral ventromedulla and the periaqueductal gray releases
the inhibitory neurotransmitters, such as opioids and gamma
amino butyric acid (GABA) agonists which can cause
reduction in pain when electrical stimulation is applied. Thus
it can promote by enhancing the cause for inducing the
descending inhibition of pain in stroke patients. (Sluka et al.
1999; Kalra et al.2001; Desantana et al.2009).

Transcutaneous electrical nerve stimulation also
interrupt the H-reflex via | alpha-fiber mediates presynaptic
inhibition  (Hirako2002). The anti-spastic effects of
Transcutaneous Electrical Nerve Stimulation increases the
release of endogenous Gamma Amino Butyric Acid (GABA)
and Opiates, with which both act as an inhibitory
neurotransmitters, on the dorsal horn of the spinal cord, and
this similar action can be achieved with anti-spastic effects, as
those of baclofen and morphine.

Transcutaneous electrical nerve stimulation (TENS)
can produce vibrations over the stimulated muscles and the
surrounding regions at two to three times the sensory
threshold. Moreover, this rapid stimulation of vibrations can
trigger the primary afferent neurons that, increases the release

of acetylcholine, an important neurotransmitter that cause the
contraction of muscles. However, repeated or prolonged
stimulation may cause reduction in muscle contraction by
decreasing the excitability of homonymous motor neurons to
depleting acetylcholine, as occurs during muscle fatigue
(Desmedt 1983).

Spasticity tends to increase temporarily at the initial
stage of Transcutaneous Electrical Nerve Stimulation, but
then diminish progressively at later stage. Transcutaneous
electrical nerve stimulation reduces spasticity and ankle
clonus in Upper Motor Neuron disease and thus shows
improvement in the joint movement and gait function (Ng and
Hui-chan 2007,2009; Chung and Cheng 2010).

Il. METHODOLOGY
STUDY DESIGN : Quasi-experimental design
STUDY TYPE : Pre-post type
SAMPLING SIZE 10
SAMPLING METHOD
STUDY DURATION

STUDY SETTING : Department of General Medicine
and Department of Neurology. SRM Medical college Hospital
and Research Centre, Kattankulathur

INCLUSION CRITERIA
Age range from 40-70 years.

: convenient method

: 3 weeks

Both gender are included.
Hemorrhagic type of stroke.

Hemiparesis from a single stroke that occurred at least 6
month (sub acute hemiparetic patients) previously.

Gastrocnemius muscle spasticity with the grade 1+ or 2 in
lower limb.

EXCLUSION CRITERIA

Bed ridden patient.

Subjects with psychiatric disorder or dementia.

Any neurological or orthopedic disease that affects balance.
Cardiac pacemaker.

Any Metallic implants.

Communication disorder like severe aphasia.

Skin allergy associated with electrode placement.
Unwilling to participate

MATERIALS USED

TENS unit
Knee-Hammer
Inch tape
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Paper
Pen
Pencil

PROCEDURE:
This study is a quasi-experimental study design.

Ten sub-acute stroke subjects were selected for the study by
means of purposive (convenient) sampling.
All these subjects participated in the study voluntarily after
signing a consent form. The demographic data and further
assessment was collected from each subjects. The purpose of
study was explained to all the subjects. Subjects were
conveniently divided into two groups (Group A and Group B).
For 5 subjects in Group A, conventional therapy was given
(Passive stretching and Passive range of motion).For other 5
subjects in Group B, Transcutaneous electrical nerve
stimulation along with conventional therapy was given.
Spasticity was measured before and after the intervention for
both the groups.

GROUP A: CONVENTIONAL THERAPY
1. PASSIVE STRETCHING

Subjects were asked to relax and they will be
explained about the procedure to their understanding. Subjects
will be positioned comfortably before the treatment.

2. PASSIVE RANGE OF MOTION
Position of The Patient: Supine lying
Position of The Therapist: Stride standing
KNEE FLEXION AND EXTENSION:

Affected leg was cradled by placing one
hand under the bent knee. With the other hand, heel is grasped
for stabilization. Knee is lifted and bent towards the chest,
with the kneecap pointed toward the ceiling. Hip is not
allowed to twist during this movement. The foot should stay

in a straight line with the hip and not swing in or out. Hold for
30 seconds and the leg is then lowered to the starting position.
This exercises was repeated for three times with 5
secondsrest.

GROUP B: EXPERIMENTAL
1. Transcutaneous Electrical Nerve Stimulation (TENS):

According to this study design, the subjects were unaware of
group identities, and the different subjects were participated to
measure and apply Transcutaneous Electrical Nerve
Stimulation. Before applying Transcutaneous Electrical Nerve
Stimulation, Modified Ashworth Scale is checked.

Position of The Patient: Supine lying
Position of The Therapist: Stride standing or Walk standing
Method:

Transcutaneous Electrical Nerve Stimulation was
applied to the belly of gastrocnemius muscle for 60 minutes at
frequency of 100Hz, pulse width 200 microseconds with 2 to
3 times the sensory threshold (the minimal threshold in
detecting electrical stimulation for subjects) after receiving
physical therapy for 15-30 minutes. On prior to the
experiment, the sensory threshold of each participant is
measured and these threshold levels were determined well, as
the electrical stimulation is administered at different
intensities from 0.01 mA until subjects felt the stimulation.

I1l. DATA ANALYSIS
Data analysis was done by IBM SPSS 3620 software.

The collected data were analyzed and tabulated with the
descriptive and inferential statistics. For the descriptive
statistics, the mean and standard deviation were calculated and
for the inferential statistics, the parametric variables were
treated with t-test. The results were tabulated and the results
were plotted accordingly.

TABLE -1

Pretest and Posttest mean values of Modified Ashworth Scale for Group A and Group B in

1% week, 2" week, 3" week of duration.

AGE GENDER MEAN De\?itgt.ion
PRE TEST MAS GA 1 WEEK MALE FEMALE 2.0000 00000
POST TEST MAS GA 1 WEEK 2.0000 .00000
PRE TEST MAS GA 2 WEEK 2.0000 .0000
OST TEST MAS GA 2 WEEK 1.6000 54772
PRE TEST MAS GA 3 WEEK 45-70 1 1.4000 44721
POST TEST MAS GA 3 WEEK 1.4000 44721
PRE TEST MAS GB 1 WEEK 2.0000 .00000

www.rsisinternational.org

Page 48



International Journal of Research and Scientific Innovation (1JRSI) | Volume V, Issue |, January 2018 | ISSN 2321-2705

POST TEST MAS GB 1 WEEK 2.0000 .00000

PRE TEST MAS GB 2 WEEK 45-70 2 1.8000 44721

POST TEST MAS GB 2 WEEK 1.40 548

PRE TEST MAS GB 3 WEEK 1.40 548

POST TEST MAS GB 3 WEEK 1.00 548
GRAPH 1 GRAPH-3

Graphical representation of pretest and posttest mean values
of Modified Ashworth Scale for Group A and Group B in 1*
week of duration.

¥ PRE TEST MAS 1 WEEK

™ POST TEST MAS 1 WEEK

GRAPH-2

Graphical representation of pretest and post test mean values
of Modified Ashworth Scale for Group A and Group B in 2™
week of duration.

¥ PRE TEST MAS 2 WEEK
¥ POST TEST MAS 2 WEEK

GROUPA

GROUPB

Graphical representation of pretest and post test mean values
of Modified Ashworth Scale for Group A and Group B in 3™
week of duration.

¥ PRE TEST MAS 3 WEEK
¥ POST TEST MAS 3 WEEK

GROUPA GROUPB

TABLE-2

Comparison of post test mean values of Modified Ashworth
Scale between Group A and Group B in 157 week, 2" week
and 3" week of duration.

Mean

2.0000
POST TEST MAS GA Vs GB 1 WEEK

2.0000

1.6000
POST TEST MAS GA Vs GB 2 WEEK

1.4000

1.4000
POST TEST MAS GA Vs GB 3 WEEK

1.2000

GRAPH-4

Graphical representation shows the comparison of post test
mean values of Modified Ashworth Scale in 1% week ,2"
week and 3" week of duration.
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®GROUPA
B GROUPB

POST TEST MAS 1 WEEK  POST TEST MAS 2 WEEK  POST TEST MAS 3 WEEK

TABLE-3

The table shows the comparison of post test significant value,
t value and mean difference of Modified Ashworth Scale in
Group A and Group B in 2"° Week and 3%° Week.

T df Sig 2 Mean
SIG tailed differenc
e
POST TEST 1.000| 577 8 580 .20000
MAS GA Vs
GB 2 WEEK 577 8.000 580 | .20000
POST TEST 252 632 8 545 .20000
MAS GA Vs
GB 3WEEK .632 7.692 545 20000
IV. RESULTS

According to table-1 the pre test and post test mean value of
Modified Ashworth Scale for Group A in 1 week was 2.0000
and pre test and post test mean value of Modified Ashworth
Scale for Group B in 1 week was 2.0000. No significant
difference was found between Conventional group and TENS
Group in reducing spasticity. (p < 0.05)

According to table-1 the pre test and post test mean value of
Modified Ashworth Scale for Group A in 2 week was 2.0000
and 1.6000, and the pre test and post test mean value of
Modified Ashworth Scale for Group B in 2 week was 1.8000
and 1.4000. The Group B showed significantly reduced
spasticity after therapeutic intervention than conventional
group. (p < 0.05)

According to table-1 the pre test and post test mean value of
Modified Ashworth Scale for Group A in 3 week was 1.4000
and the pre test and post test mean value of Modified
Ashworth Scale for Group B in 3 week was 1.4000 and

1.0000. The Group B showed significant reduction in
spasticity after TENS than conventional group. (p < 0.05)

According to table-2 the post test mean value of Modified
Ashworth Scale for Group A was 2.0000 and for Group B was
2.0000 in 1 week. There is no significant difference is found
in the reduction of spasticity for both Groups at p< 0.05.

According to table-2 the post test mean value of Modified
Ashworth Scale for Group A was 1.6000 and for Group B was
1.4000 in 2 week. There is statistically significant difference
is found in reduction of spasticity for Group B (TENS
GROUP) at p < 0.05.

According to table-2 the post test mean value of Modified
Ashworth Scale for Group A was 1.4000 and for Group B was
1.2000 In 3 week. There is statistically significant difference
is found in reduction of spasticity for Group B (TENS
GROUP) at p < 0.05.

According to table-3 the post test of Modified Ashworth Scale
for Group A and Group B in 2 week and post test of Modified
Ashworth Scale for Group A and Group B in 3 week was
compared to find out the reduction in spasticity.

V. DISCUSSION

To find out the effectiveness of Transcutaneous
electrical nerve stimulation TENS) over Gastrocnemius
muscle spasticity in stroke patients.

According to the results, Transcutaneous Electrical Nerve
Stimulation decreases spasticity effectively when compared to
the application of conventional exercise in the 2™ week and in
the 3™ week. (Table-1). Anti-spastic effects were keenly
observed in the conventional group, and it was assumed
mainly due to the application of physical therapy during
intervention. (Ng and Hui-chan 2007; Bakhtiary and Fatemy
2008; Yan and Hui-chan 2009). Similarly, many studies
reveals that stroke-induced spasticity are reduced more
effectively by transcutaneous electrical nerve stimulation than
the exercise alone.

In the present study, electrodes were placed over the bellies of
gastrocnemius muscle, which is innervated by the sural nerve,
communicating branch of the common peroneal nerve. Other
studies reveals that Transcutaneous Electrical Nerve
Stimulation, on which the electrodes were applied to
acupuncture points (Ng and Hui-chan 2007) or posterior to the
fibular head (Chung and Cheng 2010) shows the anti-spastic
effect and these sites are innervated by common peroneal and
sural nerves. Therefore, it is concluded that, though the
electrodes were placed on different sites, Transcutaneous
Electrical Nerve Stimulation can reduce the spasticity by
amplifying presynaptic inhibition on the sural or peroneal
nerves.

It has been accepted that the anti-spastic effects of
Transcutaneous Electrical Nerve Stimulation, may increases
the release of endogenous Gamma Amino Butyric Acid
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(GABA) and Opiates, by which both act as an inhibitory
neurotransmitters, on the dorsal horn of the spinal cord, and
this shows the similar achievement on anti-spastic effects as
those of baclofen and morphine.

Transcutaneous electrical nerve stimulation (TENS) at two to
three times the sensory threshold produces vibrations in
stimulated muscles and surrounding regions. Moreover, the
rapid stimulation of vibrations triggers primary afferent
neurons and increase the release of acetylcholine, a major
neurotransmitter in the context of muscle contraction.
However, prolonged stimulation may reduce muscle
contraction by lowering the excitability of homonymous
motor neurons by depleting acetylcholine, as occurs during
muscle fatigue.

(Desmedt 1983) At the initial stage, spasticity tends to
increase temporarily due to the application of Transcutaneous
Electrical Nerve Stimulation but then progressively
diminishes at the later stage. Recently, it has been reported
that Transcutaneous electrical nerve stimulation reduces
spasticity and ankle clonus in Upper Motor Neuron lesion by
improving the joint movement and gait function (Ng and Hui-
chan 2007,2009; Chung and Cheng 2010).

This study was mainly focused on Gastrochemius muscle to
improve the balance by reducing the muscle spasticity, as it is
believed to be the main cause for increasing the
proprioception input out of the somatic sense in lower limbs.
Transcutaneous Electrical Nerve Stimulation over calf muscle
region, which plays a pivotal role in controlling and
maintaining the standing posture, probably produces higher
somatosensory inputs than the standard rehabilitation (Lord et
al 1991).

According to the previous study on the effect of
Transcutaneous Electrical Nerve Stimulation on motor cortex
excitability (Tinazzi et al.2005), it shows that excitability was
deflated in cortical areas corresponding to TENS-stimulated
muscles, but elevated in antagonist brain areas.

Stroke patients are commonly associated with ankle plantar
flexion contracture due to spasticity of the calf muscle and
tibialis anterior weakness (Mulroy et al.2010). thus, the
present study was mainly focused on the Gastrocnemius
muscle to improve the effectiveness in reduction of muscle
spasticity.

Ten subjects were selected for this study and they are divided
into groups and received the physical therapy as well as the
intervention for 3 weeks and by using Modified Ashworth
Scale, the spasticity is measured before and after the
intervention. The post test are measured and calculated on the
basis of MAS score and their results were tabulated.

However, although a study of Transcutaneous Electrical
Nerve Stimulation was found to be reducing spasticity
effectively and also reinforcing in the balance among stroke
patients, the long term Transcutaneous Electrical Nerve
Stimulation application have not been determined. Therefore,

more studies can be done to produce the long-term effect on
Transcutaneous Electrical Nerve Stimulation on treating the
muscle spasticity in stroke patients.

VI. CONCLUSION

The study concludes that the application of the
Transcutaneous Electrical Nerve Stimulation (TENS) can
reduce the Gastrocnemius muscle spasticity among stroke
patients.

VII. LIMITATIONS AND RECOMMENDATIONS
LIMITATIONS

e  The sample size was small, which limits the
generalizability of the data.
e  There was no long-term follow-up.

RECOMMENDATIONS

e  Study can be done with larger sample size, for longer
duration so it will improve spasticity.

e  Study can be done with other muscle group.

e  Study can done to know effect of TENS on gait,
cadence, step length, stride length.
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