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Abstract 
Background: Stroke is also a leading cause of functional impairments, with20% of survivors requiring 
institutional care after 3 months and 15% - 30% being permanently disabled4. Stroke is a life-changing 
event that affects not only the person who may be disabled, but their family andcaregivers5 This study is 
to investigate whether acupuncture like TENS decreases spasticity and increases muscle strength more 
effectively than conventional rehabilitation and stimulatory techniques objectives of the study was to 
evaluate the effectiveness of acupuncture like TENS in improvement of hand function, to assess the 
improvement of motor recovery of upper limb in sub-acute stroke patients using acupuncture like TENS. 
Methods and Material: A Total of 30 subjects who fulfilled the inclusion and exclusion criteria were 
included in the study, they were randomly divided into two groups by convenience sampling. Group A 
(n=15) received Group A received a conventional physical therapy treatment along with acupuncture like 
TENS for wrist extensors and triceps, and Group B (n=15) received conventional physical therapeutic 
exercises and techniques only. Results: shows there was an improvement in Pre to Post scores of ARA 
and FM for both the groups, but when comparing both the groups, there was a drastic improvement in 
scores of ARA and FM in group A when compared to group B with p- value <0.0001.Conclusions: The 
result of the study indicates that combination of conventional Physical Therapy along with Acupuncture 
like TENS can be safely and effectively administered in improving hand function of sub-acute stroke 
patients. 
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Introduction 
Stroke is one of the leading causes of mortality and morbidity worldwide [1]. Approximately 20 
million people each year will suffer from stroke and of these 5 million will not survive [2]. 
Developing countries account for 85% of global deaths from stroke [3]. Stroke is also a leading 
cause of functional impairments, with20% of survivors requiring institutional care after 3 
months and 15% - 30% being permanently disabled4. Stroke is a life-changing event that 
affects not only the person who may be disabled, but their family andcaregivers [5]. 
The WHO defines stroke as “rapidly developing clinical signs of focal (at times global) 
disturbance of cerebral function, lasting more than 24 hours or leading to death with no 
apparent cause other than that of vascular origin” [6]. The risk of recurrent stroke within five 
years of a first stroke is between 30% and 43% [7]. The effects of a stroke depend on which 
part of the brain is injured and how severely it is affected and very severe stroke can cause 
sudden death [8].Symptoms of stroke include numbness, weakness or paralysis, slurred speech, 
blurred vision, confusion and severe headache. Apart from all the impairments that result from 
stroke, perhaps the most serious, and most challenging problem in the field of upper limb 
rehabilitation. But there are only limited attention has been given to upper extremity 
rehabilitation following stroke, functional recovery of the arm are limited compared with that 
for the lower extremities [10].  
Although it is often thought that the upper extremity does not recover as well as the lower 
extremity following stroke, the actual degree of neurological recovery of the upper and lower 
extremities may be similar [9]. The lower extremity, however, can function with less motor 
control than the upper extremity. Thus, partial motor recovery in the lower extremity may 
permit many patients with stroke to ambulate independently. Partial recovery of upper-
extremity function does not usually translate into functional use. Approximately 60% of stroke 
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Survivors experience upper extremity dysfunction limiting 
participation in functional activities [10]. Stroke in young poses 
a major health problem. Stroke in the younger age group adds 
to the social burden, and as such these patients merit special 
attention in diagnostic, therapeutic, and preventive care. It 
leaves the patients with residual disabilities like physical 
dependence, cognitive decline, depression, and seizures. The 
peak age of stroke occurrence is 55–65 years, but events 
occurring at a younger age assume importance in being 
occurring in a productive age group. Survivors of stroke regard 
improvement of upper extremity function are to be important 
for their increase in quality of life. During daily activities, non-
use of the paretic upper extremity with compensation from the 
less affected side was common [11]. Effective screening, 
evaluation, and management strategies for stroke are well 
established worldwide [12]. Conventional methods of physical 
therapy rehabilitation to regain motor control consist of 
stretching and strengthening, attempting to retrain weak 
muscles through re-education. Use of sensory feedback is 
often stressed to facilitate muscle activation, e.g., stroking the 
overlying skin, sudden stretching of the muscle, and vibration 
of the muscle or its tendon. Training in pre ambulation, 
functional mobility exercises and weight transfer also included 
in lower limb physical therapy rehabilitation. Task oriented 
exercises, stretching/weight-bearing by the affected arm, and 
teaching of activities of daily living are also implemented. The 
pattern of weakness varied amongst patients, the most affected 
groups were distal, such as finger and wrist flexors and 
muscles involved in hand grip, while the least affected were 
the proximal groups, such as shoulder abductors and 
adductors. [13] 
Electrical stimulation has been used been used for many years 
by physical therapists to maintain or improve muscular 
strength in immobilized muscle. Luigi Galvani in 1791 
provided the first scientific evidence that current can activate 
muscle. During the 19th and 20th century researchers studied 
and documented the exact electrical properties that generate 
muscle movement. It was discovered that the body functions 
induced by electrical stimulation caused long-term changes in 
the muscles in the 1960’s, NMES is applied in athletes in the 
former Soviet Union and found strength improvements of 30-
40%. [14] 

Neuromuscular electrical stimulation has been used to treat 
patients after stroke in the last few decades. This included 
transcutaneous electrical nerve stimulation on the peripheral 
nerve or acupuncture points, and functional electrical 
stimulation on the motor points. Electrical neuromuscular 
stimulation enhances motor recovery after stroke, with claims 
that it can reduce spasticity, strengthen muscles, and increase 
the range of movement of joints with prevention or correction 
of contractures. Electrical stimulation at the wrist in 
combination with other rehabilitation strategies can result in 
increased grip strength and improved motor function. [15] 

Experimental studies have demonstrated that acupuncture and 
electro acupuncture have circulatory and biochemical effects 
in common with physical exercise on the release of 
transmitters and peptides in brain and spinal cord. These areas 
may be modified by training and experience. Reorganization 
occurs not only in cortical areas but also in sub cortical regions 
and the spinal cord [16] 

AL-TENS should be defined as the induction of forceful but 
non-painful phasic muscle contraction at myotomes. Electro 
physiologically, both acupuncture and electro acupuncture 
stimulates skin and muscle afferents. In former studies 
conducted in acupuncture like TENS in lower limb proved 

decreased ankle plantar flexor spasticity, and increased 
dorsiflexor strengthening in stroke patients. By using AL-
TENS not yet conducted any study on upper limb 
improvement; this is because of complexity of functions of 
hand muscles. This study is found out whether AL-TENS can 
be used in the rehabilitation of upper limb. [17] 

Rehabilitation of lower limb is quiet easier as compared to 
upper limb rehabilitation. Studies states that upper limb 
recovery is lesser than that of lower limb. Many studies have 
been conducted on lower limb of stroke patient using 
acupuncture like TENS, but further more studies are 
recommended on upper limb. More explorations have to be 
done in the upper limb rehabilitation field. Introduction of 
stimulation (NMES & FES) made a remarkable leap in the 
field of rehabilitation, but further more studies yet to be 
conducted with acupuncture like TENS. This study is to 
investigate whether acupuncture like TENS decreases 
spasticity and increases muscle strength more effectively than 
conventional rehabilitation and stimulatory techniques 
objectives of the study was to evaluate the effectiveness of 
acupuncture like TENS in improvement of hand function, to 
assess the improvement of motor recovery of upper limb in 
sub-acute stroke patients using acupuncture like TENS. [18] 

 
2. Materials and Methods 
Study was conducted in clinics and rehabilitation centres in 
Calicut. The Ethical clearance has been obtained from the 
Ethical committee as per ethical guidelines research from 
biomedical research on human subjects, 2001, ICMR, New 
Delhi. The study design was experimental with pre-post-test 
design. A Total of 30 subjects were taken. Inclusion criteria of 
Patients with first time stroke, Sub acute patients (3-6 months), 
Medically stable patients, Patient able to sit, Patient with MCA 
stroke, Patients between age of 50-70 and Exclusion criteria of 
Patient intolerant to acupuncture like TENS, Patient with 
altered sensory impairments, Any Contra indications for 
TENS, Other neurological & orthopaedic conditions affecting 
upper limb, Patient with subluxed shoulder, Patient with 
shoulder hand syndrome. Patient with cognitive Subjects 
selected for the study were randomly allocated into two groups 
by Convenience sampling, for this purpose randomization is 
done by allocating subjects with odd number to control group 
and even number to experimental group. Group A (n=15) 
received Group A received a conventional physical therapy 
treatment along with acupuncture like TENS for wrist 
extensors and triceps, and Group B (n=15) received 
conventional physical therapeutic exercises and techniques 
only. Procedure includes Group A received a conventional 
physical therapy treatment along with acupuncture like TENS 
for wrist extensors and triceps, whole treatment period consist 
of 3 weeks and 5 sessions in a week. Each session consist of a 
40 minutes conventional treatment of stroke rehabilitation 
including stretching of concerned muscles, sensory 
stimulation, functional activity exercises, postural correction 
and also tone reducing techniques like icing, along with gait 
training. In addition with these techniques acupuncture like 
TENS is also implemented for 20 minutes for above 
mentioned muscle groups. Group B is the control group, as 
they received a conventional physical therapeutic exercises 
and techniques. Their treatment session consisted of above 
mentioned techniques of conventional therapy for 40 minutes a 
day of 5 sessions a week for 3 weeks. Action research arm test 
and Fugl Meyer assessment of physical performance were 
conducted to know the existing functional level of upper limb 
in both groups before starting of the whole treatment session. 
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Action research arm test and Fugl Meyer assessment of 
physical performance were conducted once again and the 
functional improvements are noted. 
Data analysis was performed using SPSS software (version 
17).Alpha value was set at 0.05. Descriptive statistics was used 
to find out mean and standard deviation (SD) for demographic 
and outcome variables., Paired –T test was used to find out 
homogeneity for base line and demographic and outcome 
variable, Unpaired –T test was used to find out homogeneity 
for base line and demographic and outcome variable, 
Wilcoxon test was used to find out homogeneity for base line 
and demographic and outcome variable, Mann-Whitney test 
was used to find out the homogeneity for base line and 
demographic and outcome variable. 
 
3. Results & Discussion 
3.1 Results: The result of the study shows that there is 
significant improvement in hand function based on action 
research arm test and Fugl-Meyer assessment of physical 
performance scores of both groups after the treatment. Patients 
of group A treated with conventional Physical Therapy along 
with Acupuncture like TENS showed significant improvement 
in both Action research arm test scores (p=0.014) and Fugl-
Meyer assessment of physical performance scores (p=0.02) 
than patients of group B treated with conventional Physical 
Therapy . 
 

Table 1: Mean pre-test scores of ARA and FM of Group A and 
Group B 

 

Group A 
ARA 

32.53 

Group B 
ARA 

34.93 

Group A 
FM 

7.4 

Group B 
FM 

7.53 

 
Table 2: Mean Post test scores of ARA and FM of Group A and 

Group B 
 

Group A 
ARA 

44.2 

Group B 
ARA 

38.93 

Group A 
FM 

10.07 

Group B 
FM 

7.93 

 
Table 3: Mean Pre and Post test scores of ARA  

Group A and Group B 
 

Group A 
Pre ARA 

32.53 

Group A 
Post ARA 

44.2 

Group B 
Pre ARA 

7.4 

Group B 
Post ARA 

10.07 

 
Table 4: Mean Pre and Post test scores of FM Group A and Group B 

 

Group A 
Pre FM 

7.4 

Group A 
Post FM 

10.07 

Group B 
Pre FM 

7.53 

Group B 
Post FM 

7.93 

3.2 Discussion 
The study is an experimental comparative study to find out the 
effect of acupuncture- like TENS on hand function in sub-
acute stroke patients. The group A and B were given 
conventional Physical Therapy; along with that group A 
received an additional treatment of Acupuncture like TENS. 
Total number of patients were included in the study is 30 and 
the duration of the study is 3 weeks  
On statistical analysis using student’s t test there was a 
significant difference between the groups in improving the 
functional outcome of hand. Group A showed a significant 
improvement than group B in both Action research arm test 
and Fugl-Meyer assessment of physical performance scores.  
The result of this study indicates that a combined treatment of 
conventional Physical Therapy with Acupuncture like TENS is 
more effective in improving hand function in sub-acute stroke 
patients. 
The improvement in the hand function is due to the reduction 
in the tone of spastic flexor muscle group, since the spastic 
muscle group compromise the normal hand function. In 
addition an improvement in strength and motor function of 
extensor muscle groups will also aid in better functional 
outcome of hand when stimulation is applied to an antagonist 
muscle, the large diameter Ia muscle spindle afferent fibers 
originating the muscle are excited. The action potentials 
generated in these fibers are transmitted to the spinal cord and 
excite spinal interneuron which in turn inhibit the activity in 
the motor neurons to the spastic muscle. [19] 

Acupuncture like TENS selectively activate small diameter 
fibers (Aα) arising from muscles (ergo receptors) by the 
induction of phasic muscle twitches. Thus, TENS is delivered 
over motor points to activate AA efferent to generate a phasic 
muscle twitch resulting in ergo receptor activity. 
A reduction in spasticity is because of an enhancement of 
presynaptic inhibition of the hyperactive stretch reflexes in 
spastic muscles, disinhibition of descending voluntary 
commands to the motor neurons of the paretic muscles, and 
decrease in co-contraction of the spastic antagonist. 
It is found that acupuncture like TENS slowed the 
development of resistance to passive stretch of the wrist 
flexors and increased voluntary wrist dorsiflexion with a 
decrease in antagonist co-contraction. Former studies found 
that electrically stimulated sensory inputs could enhance brain 
plasticity. The result of the study is consistent with the 
findings of Tiebin Yan et al and Barbro B Johansson et al who 
also used the similar technique and found reduction in muscle 
spasticity. [20] 

After the treatment programme patients were able to open the 
hand and fingers which results them in performing functional 
task with more ease. The functional scales used in this study 
included questions of functional task, that need opening of the 
hand. So the outcome measures used in this study is very much 
apt for the method adopted for the treatment. Unlike the other 
neuromuscular stimulation modalities Acupuncture like TENS 
is more patient friendly and less irritant and very much 
convenient for the Physiotherapist to use. There are however 
limitations to this study. The study was done on a small 
sample size and it was conducted for a short duration i.e., only 
three weeks. Thus the result only shows the short term effects 
of the interventions. All measurements were taken manually 
and this may introduce human error which could threat the 
reliability of the study. The study didn’t include long term 
follow up or recurrence rates and thus results cannot tell us 
about the effectiveness of the interventions in long term. The 
study was limited to the hand functions only and other muscle 
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groups which can contribute to the upper limb function were 
not included. The study included MCA stroke patients only 
and they were in the sub-acute stage. So the effectiveness of 
this intervention in other stages and other arterial involvement 
could not be studied. The type of stroke- whether hemorrhagic 
or ischemic was not identified. This study didn’t consider the 
hand dominance of patients and the side effected. [21] 

Future studies should establish the efficacy of the treatment in 
a large sample size with a long term follow up. Further study 
can be done to check the effects of these techniques on other 
muscle groups of upper limb. Effects of these techniques on 
other form and stages of stroke can be studied means. A more 
advanced and functional task oriented method to evaluate the 
outcome measure can be adopted. Further studies can be 
conducted using Acupuncture like TENS in other neurological 
conditions are recommended. 
 
4. Conclusion 
The purpose of the study was to compare the effect of 
acupuncture like TENS in hand function. The group treated 
with Acupuncture like TENS and conventional Physical 
Therapy treatment techniques had a significant improvement 
in hand function than the group treated with conventional 
Physical Therapy treatment techniques alone. The result of the 
study indicates that combination of conventional Physical 
Therapy along with Acupuncture like TENS can be safely and 
effectively administered in improving hand function of sub-
acute stroke patients. 
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