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ABSTRACT

Background: The principal target of any stroke rehabilitation is the motor impairments. Many studies
have been advocated on the effect of Functional electrical stimulation and Task specific mirror therapy.
Hence, the purpose of the study is to find the combined effect of task specific Mirror therapy with
Functional Electrical Stimulation on upper limb function for subjects with sub-acute hemiplegia.

Methods: An experimental study design, 60 subjects with sub-acute Hemiplegia randomised into 3
groups, functional electrical stimulation group (n=20), task specific mirror therapy group (n=20), and
combined group (n=20). Each group received the corresponding regimen of treatment for 30 minutes
with rest period for total 12 sessions over 2 weeks along with conventional physiotherapy. The outcome
measure such as action research arm test was measured before and after two weeks of intervention.

Result: When means of action research arm test were analyzed within the groups, there was a
significant difference within all the three groups. When means were compared between three groups
there is no statistically significant difference in pre- intervention and post intervention means.

Conclusion: 1t is concluded that a combination therapy of task specific mirror therapy with functional
electrical stimulation for two weeks duration, is shown to be effective for recovery of upper limb
function in subjects with sub-acute hemiplegia. However, the combination of task specific mirror
therapy and functional electrical stimulation is shown to have similar improvements as only task
specific mirror therapy and functional electrical stimulation.

Key words: Sub-acute hemiplegia, upper limb function, mirror therapy, task specific mirror therapy,
functional electrical stimulation, action research arm test
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INTRODUCTION

Stroke can be referred to as a cerebrovascular
disease due to vascular pathology depriving the
brain tissue of its blood supply.' The prevalence of
stroke in India is 44-843/100,000, and the Indian
Council of Medical Research (ICMR) estimates that
by 2015, India will report 1.6 million cases of stroke
per year.”® The classical sign of cerebrovascular
disease is hemiplegia with other symptoms.' It has
been reported that about 55% to 75% of them have
impairment of function relative to upper limb
paralysis which forms the integral part of
rehabilitation.*

The principal target of any stroke rehabilitation is
the motor impairments with the introduction of
many therapeutic techniques in the recent decade,
among these techniques, large interest is devoted
to treatment approaches aimed to improve motor
functions, includes constraint- induced movement
therapy, mental practice, mirror therapy, virtual
reality, robotics, and brain stimulation techniques.”

Mirror therapy is a technique using a parasagittal
mirror or a modified mirror device in
rehabilitation. The concept of MT is that the mirror
provides a “virtual feedback” that the paretic limb
is moving with a normal pattern of movement as
the mirror reflection of unaffected limb movement
gets superimposed on the affected extremity
creating an illusion in a similar way as action
observation or motor imagery.*® It has been
observed that in recent literature, emphasis has
been on non-task related MT. A recent study by
Young-Rim Paiket et., al showed that Task specific
mirror therapy (TSMT) shown improvement in
upper limb functioning in stroke patients by
comparing simple and task oriented MT.”

Functional electrical stimulation (FES) shown to
have significant effect in upper limb functional
recovery after stroke.*® It has been suggested by
Ziling Lin., et,.al that FES being able to produce
repetitive exercise and meaningful movement of
limbs may activate cortical synapses similar to
repetitive task training.'® Furthermore, it has been
observed by Gergely., et., al that a combination of
voluntary effort and FES has greater potential to
induce motor cortex plasticity than with FES or
voluntary training alone owing to excitability of
corresponding motor areas through afferent input
from electrical stimulation."

Many studies have proven the effect of Functional
Electrical Stimulation (FES) and Mirror Therapy
(MT) on functional improvement of arm in
hemiplegia, improving gait ability."” Sneha 8.
Khandare et al., found that Task Specific Mirror
Therapy (TSMT) was more effective than MT or

task specific exercises alone.® Since no study has
been found on combination of TSMT with FES on
upper limb functioning in sub-acute hemiplegia.
Therefore, the Study with research question, Does
task specific Mirror therapy with Functional
Electrical Stimulation have an effect on upper limb
function for sub-acute hemiplegia? Hence, the
purpose of this study is to find the combined effect
of TSMT with FES on upper limb function for sub-
acute hemiplegia. It was null hypothesized that
there will be no significant effect of task specific
Mirror therapy with Functional Electrical
Stimulation on upper limb function for sub-acute
hemiplegic subjects.

METHODOLOGY

An experimental study design with three groups,
Group A: Task specific Mirror Therapy Group
(TSMT Group), Group B: Functional Electrical
Stimulation Group (FES Group), Group C: Study
group - Combination of Task specific Mirror
Therapy (TSMT) With Functional Electrical
Stimulation (FES). As this study involved human
subjects the Ethical Clearance was obtained from
the Ethical Committee of KTG College of
Physiotherapy and K.T.G. Hospital, Bangalore as
per the ethical guidelines of Bio-medical research
on human subjects. This study was registered
under Rajiv Gandhi University of Health Sciences
for subject for registration for dissertation with
registration number 09_T031_47181. Subjects
included in the study were unilateral hemiplegic
stroke right or left, '*'° subjects between 6 weeks
and 6 months post stroke, ' Ischemic stroke,'® age
group between 18-60 years,”both male and female
subjects, Brunstrom stage of motor recovery of 2 to
5,'* Modified Ashworth scale score >1,'° Voluntary
extension of wrist and fingers of at least 10 degrees
from the resting position.'® Subjects were excluded
with above 60 years of age, Brunstrom stage 1 or
6, Wrist and/or finger contracture, presence of
Cardiac pacemaker or other metal implants,
significant  visual, auditory and cognitive
impairment. Subjects were recruited and study was
conducted at KTG Hospital, Bangalore. Subjects
who meet inclusion criteria were recruited by
Simple random sampling method using closed
envelops, randomly allocated subjects into three
groups. Subjects who met inclusion criteria were
informed about the study and a written informed
consent was taken. Total 60 Subject (n=60), 20 in
each group completed the study. The treatment
session was conducted for 30 minutes for 12
sessions over a period for six days for 2 weeks.

Procedure for intervention for Group A:'7 %19
In Group A, subjects were treated with task specific
mirror therapy consisting of two tasks, for a total
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duration of thirty minutes. The subject was
positioned on a height adjustable table comfortably
while easily accommodating the mirror between
the affected and unaffected limbs. The affected
limb was placed behind the mirror and unaffected
limb in front of the mirror. The mirror was
positioned in front of the patient’s midline, so that
the affected limb was fully covered by the mirror
and the reflection of the unaffected limb was
completely visible. The subject was first asked to
perceive the limb differently to how it actually is.
They were then instructed to observe the mirror
reflection for one to two minutes, trying to
visualize the mirror image as the affected limb.
Once the subject got engaged with the mirrored
limb they were asked to perform slow, easy to
achieve bilateral movements (perceived bilateral
movements) while continuing to look at the
reflected 1image. The exercises that were
performed by unaffected limb were active wrist
extension and fingers extension in mid-prone and
pronated forearm, task specific grasping and
releasing of a half-litre bottle. Rest period was given
for every 15 repetitions. The same set of exercises
was given to both the limbs simultaneously. All
movements were executed very slowly, as this
facilitates the intensity of the mirror illusion. The
gaze direction of the patient was regularly checked
in the mirror and feedback of performance was
given.

Procedure for intervention for Group B: ' %°

In Group B, subjects were treated with Functional
electrical stimulation simultaneously with two
tasks, for a total duration of thirty minutes, for six
days over a period of two weeks. The subject was
positioned on a height adjustable table with the
mirror placed in front of the midline. The positive
electrode and negative electrode of the muscle
stimulator (Johari Digitals AP 439) were placed
over the muscle belly of the wrist extensors on
forearm over the motor point of extensor
digitorum communis/ extensor carpi radialis
brevis/ extensor carpi radialis longus (between
one-third and half-way from the proximal end of
the dorsal forearm) of the affected upper limb. The
subject was instructed to look into the opaque side
of the mirror while the stimulation was given and
was asked to perform the following exercises
synchronously with the duty cycle of the
stimulation such as active wrist extension and
fingers extension in mid-prone and pronated
forearm, task specific grasping and releasing of a
half-litre bottle. Rest period was given for every 15
repetitions. The parameters of the stimulation
included a frequency of 35 Hz, pulse width of 250
ps, symmetrical biphasic waveform, duty cycle of

5 s on and 5 s off, and the amplitude of the current
was adjusted to the maximal tolerance of the
patient, in a range up to 90 mA. The total number
of cycles was 180 in a single treatment session.
Procedure for intervention for Group C: 7' 1%
20

In Group C, subjects were treated with a
combination therapy of task specific mirror
therapy and functional electrical stimulation,
consisting of two tasks, for a total duration of thirty
minutes. The subject was positioned on a height
adjustable table with the mirror placed in front of
the midline same as explained in Group A. The
positive electrode and negative electrode of the
muscle stimulator were placed as explained in
Group B. The subject was then instructed to
observe the mirror reflection for one to two
minutes, trying to visualize the mirror image as the
affected limb. Once the subject got engaged with
the mirrored limb they were asked to perform
slow, easy to achieve simultaneous bilateral
movements (perceived bilateral movements) while
continuing to look at the reflected image, with the
affected limb performing synchronously with the
duty cycle of electrical stimulation. The exercises
that performed were active wrist extension and
fingers extension in mid-prone and pronated
forearm, task specific grasping and releasing of a
half-litre bottle.

Figure-2: Group- B Functional electrical
stimulation
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Figure-3: Group- C Combination therapy of Task
specific mirror therapy and functional electrical
stimulation

Conventional exercises:*!

All the three groups were prescribed with the same
set of conventional exercise in an individualized
format. The exercises included Range of motion
exercises and stretches to the shoulder, elbow,
wrist, fingers, hip, ankle, and trunk for ten
repetitions in two sets progressing from passive to
active exercises with manual and verbal cuing.
Twenty minutes of upper limb training related to
functional use were practiced such as opening
drawers, putting away dishes, folding towels,
closing blinds and counting change with emphasis
on coordination for activities of daily living. This
was followed by sets of balance exercises including
step ups such as, repeated stepping anteriorly and
laterally onto a step with affected lower limb
progressing to higher step and decreasing upper
limb support; repeated rising from a sitting
position, progressing from using arms to not using
arms and from high surface to lower; wall exercises
such as standing against a wall at a distance and
falling backwards while touching wall and coming
back to neutral, progressing from short to large
distances from the wall; repeated marching in
place, progressing from upper limb support to no
support were given. Also repeated rising up on
toes, progressing from using upper limb support to
no support; kicking a ball with either foot followed
by abrupt stops and turns while walking were
given. The number of repetitions prescribed was
ten in two sets with sufficient rest periods.

Outcome Measurements:

The pre and post intervention measurements of
upper limb function was measured using Action
Research Arm Test.

Action Research Arm Test: This test was used to
assess the upper extremity motor function and
status in a standardized format using 19 tests of
upper extremity function across 4 subsets: grasp,
pinch, grip and gross movement, both distally and
proximally.*®The test was administrated using non-
standardised equipment (various sized blocks of
wood, cricket ball, stone, jug, glass, tube, washer
and bolt, ball bearing and marble). The subject was
seated in a chair in front of the table with the box

of accessories placed at reachable distance. After
counting up to three and stating “yes” to cue the
subject, the subtest was begun till the subject
placed his hand back on the table. The baseline to
complete the task was 60 seconds taking a total of
approximately 10 minutes to complete the full
test.” ARAT scale shown to have intra-class
correlation coefficient (ICQ) of 0.98 indicating very
high inter-rater reliability and supported the value
of using this scale for measuring recovery of upper
limb function in hemiplegia.**

Statistical Methods

Descriptive statistical analysis was carried out in
the present study. Out Come measurements
analyzed are presented as mean £ SD. Significance
is assessed at 5 % level of significance with p value
was set at 0.05 less than this is considered as
statistically significant difference. Paired ‘t’ test as
a parametric and Wilcoxon signed rank test as a
non-parametric test have been used to analysis the
variables pre-intervention to post-intervention
with calculation of percentage of change. One-way
ANOVA, Tukey HD post-hoc test, post-hoc
test Homogeneous Subsets and Kruskal-Wallis Test
have been used to compare the means of variables
between the three groups and multiple pair-wise
comparisons with calculation of percentage of
difference between the means. The Statistical
software namely SPSS 16.0, Stata 8.0, MedCalc 9.0.1
and Systat 11.0 were used for the analysis of the
data and Microsoft word and Excel have been used
to generate graphs, tables etc.

RESULTS

The study carried on total 60 subjects ( Table-1) in
Group A there were 20 subjects with mean age of
44.65 years, in Group B there were 20 subjects with
mean age of 44.15 years.

When means were analyzed within the groups
(Table-2, 3, 4) shows that in Group A, B and C there
is a statistically significant change in means of
Action Research Arm Test - grasp, grip, pinch,
Gross Movement, total when means were analyzed
from pre intervention to post intervention within
the groups with p<0.000 with positive percentage
of change showing there is increase in post means.
In Group A and C there is moderate clinical
significant improvement with medium effect size,
In Group B there is weak clinical significant
improvement with small effect size.

When pre intervention means and post
intervention means ( Table-5) were compared
between three groups ( p<0.000) shown that there
is no statistically significant change in means of
Action Research Arm Test - grasp, grip, pinch,
Gross Movement, total.
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Basic Characteristics of

the subjects studied

Group A
(Task specific

Mirror Therapy

Group B
(Functional
Electrical
Stimulation

Table 1: Basic Characteristics of the subjects studied

Group C
(Combination

group)

a. Between
the groups
Significance

Group)

Group)

Total numb.er of subjects 20 20 20 3
studied (n)
Age in years 44.65 + 11.23 44.15+ 8.64 45.75+ 8.93 _
(Mean + SD) (25-60) (27-60) (25-58) p=0.818(NS)
Males n=12 60% n=14 70% n=14 70%
Gender -
Females n=3 40% n=6 30% n=6 30%
Duration of 417+ 1.15 410+ 1.16 4.42+ 1.09 _
stroke(Months) (2.0-6.0) (2.5-6.0) (2.0-6.0) p= 0.656 (NS)
3.75+ 0.78 3.70+ 0.86 415+ 0.74
' - - - =
Brunnstrom's stage (3-5) (2-5) (3-5) p= 0.158 (NS)
Modified 1 n=4 20% n=>5 25% n="7 35% --
Ashworth's 1+ n=9 45% n=9 45% n=11 55% -
scale (MAS) 2 n-7 35% n=6 30% n=2  10% -

a. Kruskal Wallis Test

Table 2: Analysis of Action Research Arm Test within Group A (Pre to post test analysis)

Pre Post Z value ST 95%Confide
interventi interventi (Non : : nce interval

Percent . t value?® ic £ th Effect

Group A o o age of parametri (Parametr Significa OR e Size

(MeantS (MeantS " c ic e difference "
D) 8 significan ) ™
min-max P value
ARAT-  7.00% 2.92 870+2.65 . oo '4'1208 1573 P - - E’N?éfj?i
. 0 - . %

grasp (4-12) (6-14) <0.000% <0.000%* | 2.007 1393 )
3.95+ -3.900 +0.322
ARAT- 1.35 4851 1.30 ) 7806 P -6.282 P 600 (Mediu

Grip 2.7 (3-8) £0.000%* <0.000** 1.200 m)
ARAT- 5.20+ 6.85+ 2.18 -3.626 P i i +O.34'11
. 2.37 31.73% P -7.095 (Mediu

Pinch (3.11) (5-13) < 0.000% <0.000%* | 2.137 1163 )

ARAT- 415+ 4.65+ -2.887
Gross 19.27% P - - +0.15
Moveme 1.46 L75 P -3.684 =0.002** 0.784 0216 (small)
e (2-6) (3-8) =0.004** = : '

ARAT- 20.30 + 25.05+ 23.39% -3.943 P i i +0.397
Total 7.46 7.26 P -13.999 <0.000** 5460 4.040 (Mediu

(14-35)  (18-38) =0.001** : : ' m)

** Statistically Significant difference p<0.05; NS- Not significant; a. Pared t test. b. Wilcoxon Signed

Ranks Test
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Table 3: Analysis of Action Research Arm Test within Group B (Pre to post test analysis)

Pre Post Z valueP et 95%Confide
interventi interventi ( Non o : nce interval
on on Fercenta parametri vatue - of the
(Mean+S (MeantS$S ge of (o (Palrametr Szl difference
D) change significan ic) o
. P value
min-max ()]
+0.2
7.55 + 9.45 +
ARAT- -3.869 P - 82
3.53 2.89 25.16% -7.933 -1.399
grasp i ) P <0.000** <0.000** | 2.401 (Smal
(2-12) (5-13) )
+0.1
4.75 + 5.65 +
ARAT- -3.307 P - 84
0 - -
Grip 12_45 223_3 ke P <0.001** <l <0.000** 1.299 = (Smal
(1-8) ( 2:9) D
+0.2
6.55 + 8.00 +
ARAT- - -3.477 P - 20
0, - -
Pinch (23'3192) (j(ii) 22.13% P <0.001** 6.175 <0.000** | 1.941 959 (Smal
- - )
ARAT- +0.2
Gross 4'132 4+ 5'12;* 20.68% -3.448 5 604 P -y 46
Moveme ’ ’ P <0.001** ’ <0.000** 1.236 ’ Smal
(1-6) 2-7)
nt 1)
+0.2
ARAT- 25’62231 2%:3* 22.19% -3.931 o701 P SR RE:
Total (8 '37 ) ( 16. 41) P <0.000** ’ <0.000** | 6.149 ’ (Smal
- _ )

** Statistically Significant difference p<0.05; NS- Not significant; a. Pared t test.

b. Wilcoxon Signed
Ranks Test

Table 4: Analysis of Action Research Arm Test within Group C(Pre to post test analysis)

Pre Post Z value® SR 95%Confide
interventi interventi ( Non ¢ value 2 i nce interval
Group C O O TR T Parametr Significa o fus
p (Mean+S (MeantS$S C ( . g difference
D) significan ic) e
min-max ce) EVAle
11.30+ -3.976 +0.362
ARAT- 845+ 3.87 3.45 33.72% P 15.682 P " 2470 (Mediu
grasp (2-16) ( 6-18) <0.000%* <0.000** | 3.230 m)
4.20 + 6.35+ -3.985 +0.405
ARI.&T- 2.44 2.41 51.19% P -12.903 P - -1.801 (Mediu
Grip (1-9) (3-11) <0.000%* <0.000**  2.499 i)
6.35 + 9.25+ -3.994 +0.372
‘;1:1?;1' 3.68 3.55 45.66% P 18.058 500** 3935 2564 (Mediu
(2-14) (5-17) <0.000%* ' ' m)
ARAT- 3.70 + 5.35 + -4.072 +0.407
Gross 1.75 1.95 44.59% P -15.079 g o 1421 (Mediu
Moveme ' ’ ’ <0.000** 1.879 ’ (
o (1-7) (2-9 <0.000%** m)
22.70 + 32.25 + 0 -3.952 - +0.410
él“lt)jt&a’f 10.72 10.51 42.07% P -29.829 <0 500* . 1022 -8.880 (Mediu
(7-44) (16 -53) <0.000%** ' 0 m)

** Statistically Significant difference p <0.05; NS- Not significant; a. Pared t test.

b. Wilcoxon Signed
Ranks Test
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Table 5: Comparison of means of Action Research Arm Test between GroupA, Group B and Groups C
(PRE AND POST INTERVENTION COMPARISION)

Kruskal- a. Kruskal-

Wallis Wallis Test

Chi- Significance
Square (P value)

Group A
(Mean + SD)

Group B
(Mean + SD)
min-max

Group C
(Mean + SD)
min-max

b. Tukey HSD
Significance

min-max (P value)

PRE INTERVENTION

7.00+2.92

7.55 + 3.53

8.45+ 3.87

ARAT-grasp (412) 002) 218) 1.019 p=0.601 (NS) p=0.388 (NS)
ARAT-Grip 3'95){71)'35 4'78 _J_rgz).4s 4'2(01:5 92)'44 0.774 p =0.679 (NS) p=0.472 (NS)
ARAT-Pinch 5'(2(;?121')37 G'Eé’ _J—rl%?’g 6'?52 f—'lj)ﬁg 1.290 p=0.525 (NS) p=0.383 (NS)
Aﬁg‘iﬁzss 4'1(2 + 61546 4'3(51 * 61j84 3'78 ?71)'75 1.542 p =0.462 (NS) p=0.450 NS)
ARAT-Total 2?'13‘?}“375‘36 23'(22% 3170)'53 ZZ'ZS_ij‘)’” 0.771 p=0.680 (NS) p=0.613 (NS)
POST INTERVENTION
ARAT-grasp 8'7(2_1; i;js 9'4(55_1; 32)'89 1 "22_%5'45 6.095 p=0.047* p=0.137 (NS)
ARAT-Grip 4‘85’3{81)'30 5'6522%9)2'34 6'“2’?1 12')41 3.692 P =0.158 (NS) p=0.067 (NS)
ARAT-Pinch 6‘?;3 _ilé')w 8'081_1143)'02 9'2(2_11 73555 5.905 p=0.052 (NS) p=0.445 (NS)
Aﬁg‘iﬁzss 4'6€3i_ 81)'75 5'2‘2’;{ 7%'71 5'35’2%’91)'95 2.166 P =0.339 (NS) p=0.445 (NS)
ARAT-Total 25('?85 _isé‘)% 28821'_ 4%14 32'(2156 * 5130)'51 6.245 P =0.044* p=0.488 (NS)

** Statistically Significant difference p<0.05;

ANOVA Post Hoc Tests -Tukey HSD (Homogeneous Subsets)

NS- Not significant. a. Kruskal-Wallis Test; b. One way

Graph - 1: Comparison of post intervention means of Action Research Arm Test between Group A ,
Group B and Group C (Post-intervention comparative analysis)

MEans of ARAT

30

25

20

15

10

ARAT-
Grasp

ARAT- Grip ARAT- Pinch ARAT- GM ARAT-Total

B Group A

B Group B

m Group C

DISCUSSION

The above graph shows that there is no statistically
significant change in means of Action Research
Arm Test - grasp, grip, pinch, Gross Movement,
total when post intervention means were
compared between three groups ( p<0.000).

In this study, it was found from the analysis that
there is no statistically significant difference in
improvement in hand function in means of Action
reaction arm test in the combination group when
compared to the TSMT and FES group, however, all
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the three groups showed statistically and clinically
significant improvements from pre to post
intervention means after 2 weeks.

In the Task specific mirror therapy group, there
was a significant improvement in  post
interventions scores of ARAT. This could be
because of the effect of the therapy that might have
influenced the activation of the mirror neuron
system that involved in action perception and are
generally activated when an individual either
performs a given motor act or observe a similar one
which is functionally related. This coupling of
observation and execution of congruent tasks
facilitates formation of motor memories.**** Mirror
therapy is one such multisensory stimulation
technique using a mirror image of the normal limb
superimposed on the affected limb. It has been
suggested that on viewing the reflected image of
one’'s moving hand on the mirror, neuronal
excitability occurs in the ipsilateral primary cortex
than when direct viewing of inactive hand.* *°
Marian E. Michielsen et al.,, in their study
investigated the neuronal basis of MT in stroke
patients by using fMRI and showed that mirror
illusion caused an increased activity in the
precuneus and the posterior cingulate cortex, areas
associated with awareness of the self and spatial
attention during bimanual movement. This effect
can be attributed to increase in spatial attention
towards affected limb, thereby the mirror illusion
has aided in overcoming non-use.?”” Therefore, MT
can be said to activate visual memory systems,
thereby providing a recall of performance of
affected limb when it was intact leading to
improved sensory feedback and motor output.'”
Hence, it seems important to consider the use of
task specific movements in respect to a learning-
dependent model of neural plasticity."

In this present study, the FES group showed
significant difference in pre and post intervention
scores in ARAT measure. The mechanism
underlying recovery of function following FES has
been assumed to be based on neurophysiological
models. In case of flexor spasticity, such as in
hemiplegia, improvement through FES of extensor
muscle can be thought to provide sufficient
strength to overcome flexor spasticity or through
reciprocal inhibition to the flexors group at the
spinal cord level. Furthermore, FES can also evoke
repetitive movements thereby facilitating motor
recovery through neural plasticity.'® Dilek Karakus
et.,al, in their study specified that FES could be
effective in reorganization and neurological
healing and aid in improving functional gains
especially in upper-limb in acute and sub-acute
phases of hemiplegia.’> Afferent input from

electrical stimulation of the periphery is said to
excite their corresponding motor areas and the
level of cortical excitability can be considered as an
indicator of neuroplasticity and motor re-learning.

In the combination group, there was a significant
difference in findings between pre and post
interventions scores of ARAT related to upper limb
function. This could be due to neuroplasticity that
could have occurred from two different forms of
sensory motor stimulation techniques that were
applied synergistically causing a recovery of upper
limb function. Christian Dohle et al., in their study
proposed that MT after stroke leads to a referral of
sensation to the other hand, thus modulating motor
and somatosensory representations of cortex and
causing functionally relevant improvements in
motor, sensory and attention domains.”®
Ramachandran et al.,, suggested that paralysis
resulting in a restraint of movement could be due
to a learnt factor or learned nonuse which can be
reversed by using a synergic effect of MT and FES
thereby increasing the self-consciousness and
spatial attention to the affected limb. Further, MT
involving bimanual movements can stimulate the
neural networks in bilateral cerebral hemispheres
aiding in recovery of motor skills.' Whereas FES, a
process of combining electrical stimulation with a
functional task such as grasping objects, causes
muscle contractions and improves functional
abilities, it can be considered that the simultaneous
application of mirror therapy shall aid in
revitalizing the  muscles through active
participation. Gergely I. Barsi t et al., in their study
suggested that the combination of voluntary effort
and FES has greater potential to induce cortical
plasticity than application of FES or voluntary
training alone in stroke rehabilitation."

Gi Jeong Yun et al., in their study, applied
electrical stimulation and MT with active
movements simultaneously on sub-acute stroke
patients and found significant effects.”” But in our
present study first of its kind where the use of task
specific mirror therapy has been applied along with
FES for evaluating its effect on upper limb
function. While Jackie Boscht et al., in their
systemic review embarked on the effect of task-
oriented practice,” Sneha S. Khandare et al,,
provided promising results regarding, adding task
specific exercises to MT."?

Though a few recent studies have shown a
relatively better recovery in upper limb function
after a combination of FES and MT, the results of
this study have not significantly shown the same.
Jackie Boscht et al., in their review emphasised on
understanding the amount and dosage of task
oriented practice for improvement of motor
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performance which was not applied appropriately
in the present study as more practice is said to
produce better recovery.” In the present study,
the total duration of MT or FES was only 30
minutes with rest periods, for twelve sessions over
two weeks and this short training may only lead to
a motor learning effect and improvement of motor
control of the paretic arm would require much
longer training.* Also the number of tasks was only
two.

Since FES and TSMT are considered to be effective
as adjuncts in rehabilitation of upper limb
functioning, the protocol of conventional exercises
is an important aspect of any physiotherapy
program. In this study emphasis was given to
upper limb functional exercises related to
coordination in daily activities as a conventional
program to all the three groups, which could have
masked the effectiveness of the combination
therapy.”

Limitations of the study

The study was conducted only on sub-acute
hemiplegia between 6 weeks and 6 months post
stroke. The duration of treatment was only for 30
minutes for 12 sessions over a period of 2 weeks.
Only ARAT measure score was used for pre and
post intervention analysis in this study. The effect
of combination therapy on spasticity was not
evaluated. The number of tasks selected for the
study was less.

Recommendation for future research

Further studies on large population may prove
beneficial in interpreting the actual effects of
simultaneous TSMT and FES applications. Further
studies on effects of TSMT and FES on spasticity
and ROM may be required. Further studies using
more number of tasks and higher dosage of NMES
for a longer duration may be evaluated. Further
studies evaluating long term effects of combination
of TSMT and FES need to be considered.

CONCLUSION

The present study concludes that a combination
therapy of task specific mirror therapy with
functional electrical stimulation is shown to be
effective for recovery of upper limb function in
subjects with sub-acute hemiplegia. In two weeks
duration, the combination of task specific mirror
therapy and functional electrical stimulation is
shown to have similar improvements as only task
specific mirror therapy and functional electrical
stimulation. Further long term studies are needed
to find the effectiveness of this combination
therapy. It is clinically recommended that
incorporating more tasks, more number of practice
trials and longer duration, may be more effective

while considering the use of combination therapy
of task specific mirror therapy and functional
electrical stimulation in a comprehensive
rehabilitation program.
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