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The effectiveness of mirror therapy 
with repetitions on lower extremity 

motor recovery, balance and mobility in 
patients with stroke
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ABSTRACT
Objective. To evaluate the effectiveness of mirror therapy using motor imagery training on lower extremity motor 
functioning, balance and mobility in the patients after stroke.
Material and methods. A randomized, controlled trial (RCT). Rehabilitation institutes and hospitals. 56 patients 
with stroke were adventitiously assigned into two different groups i.e., “Group A” (experimental group) and “Group 
B” (control group). The mean age of Group-A was 50.67 ± 11.18 years and Group-B was 49.16 ± 10.28 years with-
out volitional ankle dorsiflexion. The post-stroke patients under experimental group received the comprehensive 
rehabilitation therapy along with the MT for LE. Participants received MT near 30 minutes in a day,6 days a week 
and continued for up-to 6 weeks. Whereas, the post-stroke patients under control group received the placebo ther-
apy along with comprehensive rehabilitation therapy. For motor recovery Brunnstrom stages were used, to assess 
spasticity the Modified Ashworth Scale was used, for functional ability the Functional Ambulation Category was 
used and balance was assessed by Berg Balance Scale.
Results. The experimental group after intervention showed remarkable changes in FAC (mean difference = 0.79, 
95% CI = 0.65-1.26, p = 0.000) and BBS (mean difference = 3.10, 95% CI = 3.21-4.88, p = 0.000) as contrasted to 
the control group.
Conclusions. MT along with the conventional therapy is more effective to improve the balance, mobility and motor 
recovery as compared to only conventional rehabilitation therapy.
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INTRODUCTION

Stroke can be defined as the “immediate loss of 
the neurological functions of a person caused due 
to an obtrusion of the blood flow to the brain”. It 
causes hindrance of various brain functions result-
ing in a variety of symptoms [1] like abnormal 
muscle activation, alterations in movement of the 
selective joints, tone, balance and coordination [2]. 
The life of patient is highly influenced by coordi-
nation, voluntary & involuntary movements and 
the gait pattern which is being regulated by cere-
bellum. Consequently, in cerebrovascularIacci-

dents, an individual encounters a dropping of vol-
untary control and is unable to carry out various 
activities of LE [2] as well as upper limb. It mainly 
gives rise to the half body paralysis, accompanied 
by sensory & motor loss. In addition, changes in 
the level of consciousness; cognitive, perceptual 
and speech disturbances; and sometimes the visual 
defects, anxiety and depression also occurs [1]. It 
is thus a major cause of impaired activities of daily 
living, often leadingLto dependency [3] or long 
term care [4,5]. Motor functions of lower extremi-
ty are often impaired along with the impairment of 
gait pattern [2,6], balance [3], mobility [7] in the 
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post-stroke patient. Stroke is one of the leading 
causes of mortality and disability [8]. According to 
the study of 2013, Jeyaraj Durai Pandian and Pau-
lin Sudhan proposed that in India, approximate 
prevalence rate of stroke lies between 84 to 262 
per 100,000 in underdeveloped areas and 334 to 
424 per 100,000 in developed areas [8]. 

Physical therapy treatments include balance 
training, neuromuscular re-training, pre-walking 
functional chores for instance, weight shifts in 
deskbound or erect positions, transfer events [7] 
and independent posture maintenance etc for reha-
bilitation of stroke patient. Additionally, neurofa-
cilitation approaches and functional electrical 
stimulation (FES) along with the muscle strength 
training are also given to the patient. Moreover, ro-
bot-aided sensorimotor stimulation is a method of 
treatment which is also used to enhance motor per-
formance and improve functional outcome [9]. 
Nevertheless, primary focus should be on repeti-
tive tasks, specific or goal oriented practice [10] 
intensity of treatment should be high with a feed-
back mechanism on performance [11]. The treat-
ment strategies which are also been used from last 
few years consist of Mental practice; Constraint 
induced movement therapy and Mirror Therapy. 

Mirror therapy (MT) is a comparatively new 
therapeutic intervention of its kind with its primary 
focus on moving the impaired limb [11]. Ease of 
usage of MT and its low cost might account to an 
appropriate alternative [6]. Ramachandran and 
Roger-Ramachandran initially introduced this 
kind of therapy to treat phantom limb pain after 
amputation [12]. Altschuler et al. suggested that 
significant improvements were seen in the patients 
treated with MT than without MT [13]. Whereas, 
Striven and Stoykov also found significant im-
provements in stroke patients who undertook MT 
for 3 to 4 weeks, as marked increase in Fugl-Mey-
er Assessment scores, movement speed, active 
range of motion(ROM) and hand agility were ob-
tained [14,15]. Correspondingly, remarkable im-
provement of grasping strength and hand move-
ment of the impaired arm after 2 weeks of intense 
MT on chronic stroke patients were recorded by 
the Sathian et al. [16].

The mirror therapy works on the principle of 
neuroplasticity which is accentuated by the visual 
cues and mirror neuron system [17]. It works by 

allowing the patient to observe the reflection of the 
unaffected limb sited as the affected limb by look-
ing in the mirror. Perception of the affected limb 
and motor performance can be therapeutically im-
proved by strong visual indication from the mirror 
[11]. A current systematic review of imaging stud-
ies partially supports this hypothesis about the af-
fect of mirror therapy on the brain [18] as it speci-
fies that motor activities are promoted contralateral 
to the affected side by using the mirror therapy 
[17]. The main focus of the Mirror Therapy is to 
activate the mirror neurons in the brain; these can 
also be activated by seeing others performing the 
same activities. By using this idea we can improve 
a patient’s voluntary movements, balance, mobili-
ty, bodily functions, gait pattern, reduce synergic 
pattern and also improve coordination due to 
which a patient’s daily living activities are im-
proved along with better quality of life. This study 
is hence designed to emphasize on mirror neuron 
activation and to determine the effectiveness of 
MT with repetitions on LE motor recovery, bal-
ance, and mobility in patients with stroke. 

MATERIAL AND METHODS

Participants

56 patients who had stroke were randomly as-
signed into two different groups: Group A (experi-
mental group) and Group B (control group). The 
mean age of Group A was 50.67 ± 11.18 years and 
Group B was 49.16 ± 10.28 years without volition-
al ankle dorsiflexion. 

The possible participants were appropriately 
assigned with the following inclusion criteria: 
post-stroke hemiplegic that affected lower extrem-
ity (LE) function and performance; adults with age 
over 30 years in all the stages of stroke; able to 
understand and follow the simple verbal com-
mands; non-critical cognitive disorders that might 
disturb the study design; the patient’s medical con-
dition should be stable and the patient must have 
been ambulatory before stroke. 

If the participants manifested any of the follow-
ing elements, then from the study they were ex-
cluded: patients with neglect, pusher syndrome; 
visual deficits; any other associated neurological 
disorder, psychological or emotional problems; 
cardiovascular instability; any musculoskeletal 
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disorder affecting mobility and post-operative in 
lower extremity; range of motion should not be 
limited in the lower extremity. 

All the patients were informed about the study 
and a written consent was obtained from them.

Study design

This is a randomized controlled trial (RCT). T 
trial design was guided in accordance the Consoli-
dated Standards of Reporting Trials (CONSORT) 
statement (figure 1) [19]. The trial has been report-
ed honoring to the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) 
guidelines [20].

Approval and consent form institutional ethics 
committee (IEC) 

The approval of the present study was taken 
from the Institutional Ethics Committee as per the 
guidelines assigned by Indian council of Medical 
Research and the study protocol was approved by 
IEC, Guru Jambheshwar University of Science 
&Technology, Hisar vide letter number 
PTY/2019/1014 dated on 11/9/2019. The CTRI 
registration number was CTRI/2020/03/023773. 
The patients who were interested to participate in 

the study were explained about the procedure prior 
to participate and a written consent was obtained.

Sample size

The sample size was calculated with the formula:
 ni = 2 (Za + Z(1-β) )

2 σ2 / (μS – μt – δ)2, where:
• ni = sample size required in each group
• σ = standard deviation
• δ = minimal clinically important difference 

(MCID)
• Za = 1.96
• Zβ = 0.8416
• μS – μt =1
By putting all the required values to the formu-

la, the sample size received was 56 including drop-
out rate of 5% with age in between 30 and 60 years. 
Thereafter, participants were randomly assigned 
into two groups. 

Randomisation 

The patients were allocated to different groups 
by simple random sampling. The randomisation 
was done using chit method. Subjects were asked 
to pick up a chit from a bowl on which an alphabet 
was written like ‘A’ and ‘B’. Then accordingly 

FIGURE 1. The CONSORT (Consolidated Standards of Reporting Trials) 2010 flow diagram 
for the study 
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subjects were assigned into two groups Group A 
and Group B which were experimental group and 
control group respectively. Subjects under experi-
mental group received stroke intervention with 
mirror therapy. Whereas, subjects under control 
group received stroke intervention without mirror 
therapy. 

Intervention

The patients were divided randomly into two 
groups – Group A (experimental group) and Group 
B (control group). The patients in Group A re-
ceived the comprehensive rehabilitation therapy 
along with the mirror therapy for lower extremity. 
In 1st week, normal range of motion (ROM) exer-
cises was started with unaffected leg being over-
looked into the mirror hiding the affected leg. 
Meanwhile, patient was asked to imitate same ex-
ercises with the affected leg as well. Once the pa-
tient started doing it, the difficulty level was in-
creased and other factors like balance and gait 
pattern were also taken into consideration. From 
2nd week onwards, patient’s balance was worked 
upon, initially started with sit to stand, then gradu-
ally increased to other balance exercises like stand-
ing from wide base of support (BOS) to narrow 
BOS, perturbations in standing, catch and throw, 
raise one leg up and swiss ball exercises as well. 
All the exercises were performed in front of the 
mirror. Variations were made in the protocol ac-
cording to the patient’s ability, improvements, 
stamina, desire and will. Along with it, the gait 
training was also started for the patient in front of 
the mirror. The patient was made to walk in front 
of mirror by using a parallel bar walk way, so that 
the patient could see his/her walking pattern in 
front of the mirror and if wrong pattern was fol-
lowed, it could be fixed and walking was com-
menced again by minimizing faults. An additional 
30 minutes a day were given to the patients of 
Group A. Participants received MT near 30 min-
utes in a day, 6 days a week and continued for up-
to 6 weeks. Meanwhile, the stroke patients under 
control group underwent the placebo therapy and 
comprehensive rehabilitation therapy in which the 
treatment protocol was programmed according to 
the patient assessment, current condition and con-
tained the neuro-developmental facilitation tech-
niques, physical therapy, occupational therapy and 
speech therapy (as per the requirement).

Outcome measures

Outcomes were measured on the respect of mo-
tor recovery (Brunnstrom stages), spasticity (Mod-
ified Ashworth Scale), functional ability (Func-
tional Ambulation Category) and balance (Berg 
Balance Scale). The measures were taken a day 
before the intervention to be started, at the 3rd week 
and at the 6th week of treatment. 

Motor recovery

The Brunnstrom stages were used to assess mo-
tor recovery. It sets out a sequence of stages of re-
covery from hemiplegia after stroke to the normal 
isolated movements. The Brunnstrom Approach 
follows six proposed stages of sequential motor re-
covery after stroke which are (1) completely flac-
cid; (2) spasticity appears and basic limb synergy 
develops; (3) remarkable spasticity; (4) spasticity 
begins to decline and patient is able to move with 
less resistance; (5) spasticity declines and the pa-
tient can do isolated joint movements and (6) no 
longer spasticity, near normal movements and co-
ordination.

Spasticity

Modified Ashworth Scale (MAS) was used as a 
simple measure of spasticity to evaluate the mus-
cle tone and it measures resistance during passive 
soft-tissue stretching. Scoring consists of 6 points 
which starts from 0 i.e., no increase in muscle tone 
and ends up at 4 in which the affected part becomes 
rigid in flexion or extension [1].

Functional ability

The Functional Ambulation Categories (FAC) 
is a functional walking test that estimates ambula-
tion ability. This 6-point scale evaluates ambula-
tion status by influencing how often reinforcement 
is required when walking, nevertheless of whether 
or not they utilize a particular assistive device [21]. 
The FAC does not appraise endurance, as the pa-
tient is only recommended to walk roughly 10 ft. It 
consists of 6 points which represents the functional 
ability of the patient from non functional ambula-
tion to the independent ambulation with independ-
ent stair climbing.

Balance

Berg Balance Scale (BBS) is used to assess the 
balance. There are 14 functional performance test 
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which starts from maintaining the balance by do-
ing sit to stand to noticeable increase in balance up 
to stand on a single leg. Every step consists of 0 to 
4 possibilities, through which they got points, the 
total points are 56. The points more than 40 repre-
sents a good balance of the patient, from 20 to 40 
it shows the moderate balance and below 20 means 
the patient’s balance is very poor [1].

Data analysis

Data was analysed using SPSS software. The 
patients, who completed the entire therapy course, 
were included into the analysis. Whereas, the pa-
tients who dropped out or were unable for the fol-
low up sessions, the purpose to treat became scrap-
py and the analysis was not possible. Normality of 
data was checked by using Shapiro-Wilk test. In-
dependent t-test was used to compare the differ-
ences in baseline characteristic between the exper-
imental and control group in advance of the 
therapy. Before and after the treatment, paired 
sample t-test was used to differentiate FAC and 
BBS within each group. Finally, Independent t-test 
was used to study Differences of pre and post test 
changes in FAC and BBS between the experimen-
tal and the control group. Selected significance 
level for this analysis was p = 0.05. 

RESULTS

The participants who volunteered for the study 
were enrolled from the MSS Hospital Pitampura, 
New Delhi. A total of 147 patients were screened 
to participate in the study. 47 were omitted as they 

were unable to meet the inclusion criteria, 21 sub-
jects denied their participation in study and 15 sub-
jects were excluded due to other reasons. All 
through the enrollment period inclusion criteria 
were met by 64 subjects, out of whom half were 
assigned to the MT group and other half to the con-
trol group randomly. 8 more subjects withdrew 
their participation. The protocol was completed by 
56 subjects finally.

The mean age of MT group was 50.67± 11.18 
years old and that of control group was 49.16± 
10.28 years old with 43.79 ± 33.02 months being 
the mean time for getting rehabilitation after the 
Stroke. Baseline characteristics were evaluated/
measured a day before starting of intervention and 
were found to be same for both the groups  
(p > 0.05). The characteristics are shown in Table 1.

Primary outcome measures FAC (mean differ-
ence = 0.79, 95% CI = 0.65-1.26, p = 0.000) and 
BBS (mean difference = 3.10, 95% CI = 3.21-4.88, 
p = 0.000) improved significantly more in the in-
tervention group but there was no significant im-
provement in control group post-intervention 
(FAC (p = 0.083) and BBS (p = 0.017) (Table 2, 
Figure 2). 

DISCUSSION

The purpose of the study was to assess the effi-
cacy of MT with repetitions on LE to improve the 
motor recovery, balance, functional mobility and 
reduction of gait deviation in patients with stroke. 
In the present study the Functional Ambulation 
Category (FAC) and Berg Balance Scale (BBS) 

TABLE 1. Baseline characteristics of both groups
Variables Experimental group Control croup p value

Age mean±SD 50.67±11.18 49.16±10.28 0.661

Range 38 34
Gender % Male 0.8095 0.6842 0.374

Female 0.1905 0.3158
Duration of stroke till pre-intervention mean±SD 26.71±12.67 24.75±11.57 0.613

Side affected Right 0.5714 0.4211 0.355
Left 0.4286 0.5789

Pre-intervention data for FAC mean±SD 3.62±1.01 3.05±1.08 0.025*

Range 4 4

Pre-intervention data for BBS mean±SD 44.52±10.16 43.37±9.55 0.925

Range 32 30

SD –standard deviation; * – statistically significant; FAC – functional ambulation category; BBS – Berg Balance Scale
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expressed the significant favourable results to the 
study after using the mirror therapy intervention. 
We incorporated a randomised controlled trial with 
a total number of 69 patients from which the 64 
patients were included in the study and only 28 pa-
tients in each group completed it.

In correspondence to the previous studies, the 
standard MT had a particular effect on motor func-
tionality, walking velocity, capacity of balancing, 
PROM for ankle dorsiflexion and step length as 
compared to the control group interventions [4]. 
The result is dependent upon the protocol selected 
for the MT and its underlying neural mechanism 
[22]. Particularly, the flexor synergy patterns were 

improved during post intervention as the hip-knee 
flexion and ankle dorsiflexion activities were per-
formed in the protocol. The extensor synergy did 
not show any favorable alterations, as these syner-
gistic elements were not included into the proto-
col. The flexion movements of knee and ankle 
might have activated the flexor reaction during fol-
low up protocol while performing the activities in 
sitting and standing position. Approximately all 
the activities involved in the protocol enhances the 
FMA-LE coordination items. The motor compo-
nents were stimulated to the unaffected side so as 
to accelerate the corresponding movements of the 
affected side [2]. Wu et al. found that there was a 

TABLE 2. Within group comparison using paired t test
Outcome Group Pre-intervention

mean±SD
Post- intervention
mean±SD

95% confidence interval t value p value

Lower Upper
 FAC Experimental group 3.62±1.01 4.19±0.67 0.64784 1.25693 6.523 0.000

Control group 3.05±1.08 3.21±0.37 -0.02267 0.33846 1.837 0.083
BBS Experimental group 44.52±10.16 47.05±1.83 3.21477 4.88047 10.138 0.000

Control group 43.37±9.55 43.95±0.96 0.11565 1.04225 2.625 0.017

FIGURE 2A,B. Represented the mean 
values of the patient groups pre and post 
interventions under group A (experimental 
group) and group B (control group) by using 
the FAC and BBS. (A) represents the 
changes in pre and post intervention using 
FAC in both the groups whereas (B) repre-
sents the changes in BBS. The experimental 
group demonstrates the significant increase 
in the post intervention by using both the 
FAC as well as in BBS as compared to the 
control group post intervention.

A

B
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considerable enhancement in movement perfor-
mance after MT intervention as collated to the CT 
intervention, by using the FMA measurements 
[10]. MT perhaps provided the proper visual input 
or might be compensating the absent or diminished 
proprioceptive inputs from the affected side of the 
body [23]. Cortical reorganization is the reason for 
the positive results [24].

Some of the studies were based on the move-
ments performed by the lower extremity in MT in-
tervention and conclude the result. Crosby,  
Marrocco et al. deployed hip flexion and extension 
movements in long sitting position, whereas the 
complete hip extension was not feasible [25]. Lee 
et al. provided three stage training in their MT pro-
tocol, which were: knee extensor and ankle dor-
si-flexor, knee flexor and ankle dorsi-flexor, and 
hip-knee flexors and ankle dorsi flexors [26]. It 
improves the significant gait movements in the MT 
group. However, it does not figure out a specific 
motor component in the affected limb. Mohan et 
al. framed out the hip abduction and external rota-
tion and the movements to its reversal [3]. Similar-
ly, Sütbeyaz et al. worked on only one movement 
and that was ankle dorsiflexion for MT [7]. Homo-
geneously to the present study all the previous 
studies performed MT for the 30 minutes [3,7,25].

The present RCT reflects that the rehabilitation 
protocol of the stroke patient is more effective with 
the MT as compared to the intervention without 
using MT. Functional Ambulation Category (FAC) 
and Berg Balance Scale (BBS) were used to meas-
ure balance and functional activities of the pa-
tients. This study showed that there were signifi-
cant improvements in FAC as well as BBS which 
reflects that there were visible positive changes in 
the balance and functional activities of the patient. 

It might not be possible to see the results in initial 
weeks, but the MT group received continuous 
therapy for 30 minutes daily, 6 days a week for 6 
weeks which showed the comparable good results 
as compared to the control group.

The limitations of this study include depriva-
tion of long term follow-up cases, the hip exten-
sion exercises could not be performed in front of 
the mirror due to the position hindrance. If there 
was any misinterpretation related to the optical il-
lusion, there was no objective tool to measure the 
extent of illusion. If there was any cardiac instabil-
ity in the patients, physical interventions could not 
be carried out thoroughly as it would have caused 
further damage to the body. Future study may con-
sider the effectiveness of prolonged duration of 
MT performing on lower extremity with task ori-
ented activities. The duration of the intervention of 
MT can be predicted so that the great results could 
be found out. A proper protocol can be programmed 
which will include different activities considering 
the equipments like swiss ball, treadmill etc and its 
effectiveness with respect of duration can be found 
out. 

CONCLUSIONS

Using MT for stroke patients along with the 
conventional therapy exhibits significant improve-
ments in balance, mobility and motor recovery; 
which were measured by the FAC and BBS. The 
FAC and BBS showed a substantial positive result 
in the experimental group (MT group) contrary to 
the control group. Thus, MT can be used as an ad-
junct therapy in addition to conventional therapies 
for improving motor performance, balance and 
mobility in chronic stroke patients. 
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