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ABSTRACT

Background: Stroke is a leading public health issue around the world. Stroke leads to a sequence of sensory-motor 
impairments inclusive of muscle weakness, altered selective motor control, spasticity, and proprioceptive deficits which 
retard normal gait. Mirror therapy is helpful in improving the gait in subacute stroke. Aims and Objectives: The objective 
of this study is to know the effect on the gait of chronic stroke patients by mirror therapy. Materials and Methods: A total 
of 26 participants with more than 6 months duration of stroke with a mean age of 60.96 years participated and were allocated 
randomly into two groups by systematic randomization. Participants were taken from the Physiotherapy Department of the 
Shree Krishna Hospital, Karamsad and its extension centers. Group A received mirror therapy and conventional therapy 
while Group B received only conventional therapy. The outcome was measured in terms of spatiotemporal gait parameters 
such as step length (paretic and non-paretic), stride length (paretic and non-paretic), cadence, and velocity. Paired and 
unpaired t-test were done to find out the difference before and after the intervention. Results: The results showed that there 
was improvement in both groups of gait parameters, but Group A showed statistically significant difference (P < 0.05) 
in all gait parameters. Conclusion: Mirror therapy was helpful in improving the gait ability in chronic stroke patient 
compared to conventional therapy.
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INTRODUCTION

Stroke is defined by the World Health Organization as 
“abruptly developing clinical signs of focal (or overall) 
disruption of cerebral function, unceasing >24 h or resulting 
in death, without an evident cause except that of vascular 
origin.”[1] Stroke is a vital reason for disability and early 
death.[2,3] In India, adjusted stroke prevalence rate in rural areas 
is 84–262/100,000 and in urban areas 334–424/100,000. The 
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incidence rate is 119–145/100,000 studies in India.[4] The risk 
of stroke after 55 years of age is 1 in 5 for women and 1 in 6 
for men.[5] Post-stroke impairments in strength, coordination, 
and balance lead to gait complications and gait recovery is 
the major goal for individuals with stroke.[6] More than 60% 
of stroke survivors have impaired activities of daily living 
due to persistent neurological deficits.[4] Lower extremity 
motor function is usually affected after a stroke, causing 
restrictions in mobility.[7] Changes in muscle firing patterns 
trigger an abnormal gait after stroke, thus the biggest goals 
of rehabilitation for hemiplegic patients are to achieve a fast 
and efficient gait and improve to near normal gait pattern.[8,9]

Mirror therapy was first introduced to treat the phantom 
limb pain by Ramachandran and Rogers-Ramachandran.[10] 
Mirror therapy may be an appropriate selection due to its 
low cost and ease. In stroke patients, it involves executing 
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movements of the unaffected extremity, while observing 
its mirror images superimposed over the unseen affected 
extremity, thus generate an image of enhanced movement of 
the impaired limb.[11] Neurophysiologically, mirror therapy 
techniques facilitate motor learning and result in cortical 
reorganization associated with effective motor recovery.[12-14] 
The neurons get activated by the performing movement of 
an unimpaired limb in the mirror. The firing of such neurons 
may result in specific cortical reorganization and associated 
motor control.[15-17] Stroke patients showed improvement 
in upper extremities by mirror therapy.[18,19] Patients who 
received mirror therapy showed improved upper and lower 
extremity functions in subacute stroke patients.[10] Mirror 
therapy in stroke by doing ankle movements may induce 
neural activation of the ipsilesional sensory-motor cortex 
and that cortical reorganization may be useful for motor 
rehabilitation.[20] One study demonstrated that mirror therapy 
helpful in improving gait ability in subacute stroke.[21] The 
purpose of the study is to find out the effect on the gait of 
chronic stroke patients by mirror therapy.

MATERIALS AND METHODS

The present study was a systemic randomized controlled 
trial research had been approved by the ethical committee. 
Total 26 stroke patients were included only if they had a 
history of  first attack of unilateral ischemic or hemorrhagic 
cerebrovascular accident with the onset of more than 6 
months, spasticity as per the modified Ashworth scale 
score <3, no significant cognitive deficit (score more than 
25 in the mini-mental state examination scale), able to walk 
independently with or without use of walking aids or other 
support. They were excluded if they had a  muscular-skeletal 
disorder and surgical intervention of the lower extremities, 
unilateral neglect, hemianopia or apraxia.

Participants who fulfill the inclusion and exclusion criteria 
were systematically randomized into two groups, Group A 
(experimental) and Group B (control). Both group participants 
were assessed as per the neurological examination format on 
day 1. Step length, stride length, cadence, and velocity were 
assessed by making participants walk on the test corridor 
[Figure 1] and were recorded by digital camera. An ordered, 
routine physiotherapy program was designed and given for 
both the groups. Group A received 15 min of mirror therapy 
[Figure 2] and 30 min of conventional therapy in the form 
of custom-made program. Group B received 45 min of only 
conventional therapy in the form of custom-made program. 
Participants in both the groups received therapy for 45 min, 
5 times a week for 4 weeks. The patient will be reassessed at 
the end of the study to note the changes.

Statistical Analysis

Statistical analysis of the study was done using the SPSS 14 
version software. The data were entered into the computer 

using Microsoft excel sheet, tabulated and subjected to 
statistical analysis. Descriptive analysis was used for 
characteristics of patients and to calculate frequency, mean 
and standard deviation. The data were represented as mean ± 
standard deviation. Paired sample t-test was used to compare 
the difference of pre- and post-intervention values of step 
length, stride length, cadence, and velocity of Group A 
and Group B. Independent t-test was used to compare the 
differences between two groups. P < 0.05 was considered 
statistically significant.

RESULTS

All 26 participants completed 4 weeks of intervention. 
Table 1 summarizes demographic data. Table 2 summarizes 
asymmetry in step length. In Group A, paretic step length 
is shorter than the non-paretic step length while in Group B 
showed longer paretic step length than the non-paretic 
step length. Paired sample t-test revealed that in Group A 
(mirror therapy with conventional therapy) suggests that 
the mean change in step length, stride length, cadence, and 
velocity is highly statistically significant from baseline over 
a period of 4 weeks [Table 3]. In Group B (conventional 
therapy) suggests that no statistically significant difference 
in mean change in step length, stride length, cadence, and 
velocity while paretic step length and non-paretic stride 
length showed a statistically significant difference from 
baseline over a period of 4 weeks [Table 4]. Independent 
sample t-test showed outcome measures in Group A and 
Group B suggests statistically significant difference in 

Table 1: Demographic data
Variables Group A Group B
Participant n=13 n=13
Age (mean in years) 60.61 61.30
Male/female 9/4 12/1
Ischemic stroke 8 8
Hemorrhagic stroke 5 5
Duration of stroke (months) 29.39 31.69

Table 2: Comparison of pre‑assessment of step length, 
stride length, cadence, and velocity for Group A and 

Group B
Variables Side of 

extremity
mean±SD

Group ‑ A Group ‑ B
Step length (cm) Paretic side 25.07±7.21 28.23±8.66

Non‑paretic side 28.15±7.78 27.62±6.39
Stride length (cm) Paretic side 44.23±14.34 49.69±17.60

Non‑paretic side 46.92±15.11 50.00±14.31
Cadence (steps/min) 75.15±13.99 71.77±8.69
Velocity (meter/min) 19.06±11.59 21.32±10.26

SD: Standard deviation
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the patient who received mirror therapy and conventional 
therapy (Group - A) as compared to only conventional 

therapy (Group - B) [Table 5].

DISCUSSION

As per the above results, this study consisted of 5 females and 
21 males. Group A (experimental group) consisted of four 
females and nine males. Group B (control group) consisted 
of one female and 12 males [Table 1]. Gender differences in 
stroke recovery, female stroke survivors had poor quality of 
life and lower functional recovery in acute stroke as well as 
3-month postdischarge. Before stroke depressive symptoms 
and physical functioning are major factors of sex differences 
in stroke recovery.[22,23] However, though the present study 
did not consider the pre-stroke physical activity level and 
gender difference in stroke recovery, results showed that 
Group A had higher recovery, which consisted more females 
than Group A. In the present study, the ratio of ischemic-to-
hemorrhagic stroke is 2:1 [Table 1]. Ischemic stroke is the 
most common approximately 83%.[24] In the present study, 
asymmetry of pre-intervention gait parameters noted in step 
length [Table 1]. The asymmetrical nature of hemiparetic 
walking is a well-known fact in stroke survivors,[25,26] 

along with the asymmetries in kinetic, spatiotemporal, and 
kinematic parameters of gait associated with disturbances in 
motor coordination.[27] Compensatory strategies may cause 
step length asymmetry that increases or decreases the step 
length of either the paretic or non-paretic leg.[28]

The results of the present study support the experimental 
hypothesis which stated that there is a significant difference 
in all gait parameters in Group A. Group B revealed 
improvement in gait parameters, but significant improvement 
was seen in paretic step length and non-paretic stride length 
without affecting cadence and velocity; however, this requires 
further study. When compared the mean difference change 
in gait parameters of Group A and Group B, statistically 
significant improvement was seen in the Group A as 
compared to Group B [Table 5].

Effect of mirror therapy on motor recovery after stroke was 
explained by several mechanisms. Mirror therapy gives “proper 
visual input” to the affected body side for absent or reduced 

Table 3: Intragroup analysis of gait parameters for Group A before treatment and after 4 weeks of treatment
Variables Side of extremity mean±SD P

Pre‑treatment Post‑treatment
Step length (cm) Paretic side 25.07±7.21 28.77±7.54 0.001*

Non‑paretic side 28.15±7.78 31.85±8.47 0.001*
Stride length (cm) Paretic side 44.23±14.34 51.31±14.10 0.001*

Non‑paretic side 46.92±15.11 53.00±14.24 0.001*
Cadence (steps/min) 75.15±13.99 82.15±12.88 0.001*
Velocity (meter/min) 19.06±11.59 27.41±11.86 0.001*

SD: Standard deviation

Table 4: Intragroup analysis of gait parameters for Group 
B before treatment and after 4 weeks of treatment

Step length (cm)
Paretic side 28.23±8.66 28.76±8.81 0.047*
Non‑paretic side 27.62±6.39 27.62±6.60 0.190

Stride length (cm)
Paretic side 49.69±17.60 50.31±17.98 0.150
Non‑paretic side 50.00±14.31 50.76±14.81 0.011*

Cadence (steps/min) 71.77±8.69 72.31±8.02 0.406
Velocity (meter/min) 21.32±10.26 22.85±11.56 0.059

Figure 1: Patient walking on the test corridor

Figure 2: Patient with left hemiplegia taking mirror therapy)
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proprioceptive input.[29] Mirror therapy might also facilitate 
spatial attention and self-awareness by activating the superior 
temporal gyrus, posterior cingulate cortex, and precuneus.[30,31] 
Neural activation of primary motor cortex and recruitment of the 
premotor cortex toward the affected hemisphere, which helps in 
motor improvements by mirror therapy.[31-33] Movement-related 
mirror neurons along with motor neuron are bimodal visuomotor 
neurons found in the frontal and parietal lobes that are active 
during action observation, mental stimulation (imagery), and 
action execution.[34,35] Visual inspection of skill helps in the 
learning of new skills by these neurons. Mirror therapy effects 
might work on the mirror neuron.[13] In chronic stroke patients, 
positive cortical reorganization has been observed after mirror 
therapy.[36] In the premotor cortex, the mirror neurons get 
activated during observation of the goal-directed tasks.[37,38] 
Visual feedback by the mirror may help to activate the premotor 
cortex through the intimate connection between premotor areas 
and visual input in chronic stroke.[32] Increase neural activity in 
motor areas located in the affected hemisphere by observing 
mirrored movements, resulting in cortical reorganization and 
improved function. Research in healthy subjects has provided 
evidence to support such mechanisms by either transcranial 
magnetic stimulation or functional magnetic resonance 
imaging.[39] Mirror therapy of  lower limb movement will induce  
activation of the frontal gyrus, parietal lobule, and superior 
temporal gyrus in the ipsilateral hemisphere.[40] In chronic 
stroke, research has indicated that the mirror neuron system may 
potentially be involved in motor recovery.[41] It is conceivable 
that mirror-induced visual illusion of lower limb movements 
promotes motor recovery in a similar way. Hence, this study 
concluded that mirror therapy in conjunction with conventional 
therapy is more effective for improving gait ability in chronic 
stroke patients.

Strength and Limitation

In this study, we have investigated the effect of mirror therapy 
on the gait of chronic stroke. Limitation of the study to know 
the effectiveness of mirror therapy by following up after few 
months post-intervention and small sample size, and further 
study can be done using an advanced gait analyzer for better 
gait assessment, gender difference in stroke recovery by 
mirror therapy and on a large sample size.

CONCLUSION

This study concluded that mirror therapy in conjunction with 
conventional therapy is more effective for improving gait 
ability in chronic stroke patients.

REFERENCES

1.	 Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ. 
An updated definition of stroke for the 21st century: A statement 
for healthcareors, professionals from the American heart 
association/American stroke association, stroke. J Am Heart 
Assoc 2013;44:870-947.

2.	 World Health Organization. The World Health Report 2004: 
Changing History. Geneva: WHO; 2004.

3.	 Rajalaxmi V, Selvam AP, Priyadarshini PM, Nathan SC, 
Kumar MG, Kirthika VS. Effectiveness of aerobic exercise 
and balanced diet for motor and functional recovery of stroke 
survivors with and without diabetics and post stroke diabetics. 
Natl J Physiol Pharm Pharmacol 2018;8:7-11.

4.	 Jongbloed L. Prediction of function after stroke: A critical 
review. Stroke 1986;17:765-76.

5.	 Banerjee TK, Das SK. Fifty years of stroke researches in India. 
Ann Indian Acad Neurol 2016;19:1.

6.	 Crosby LD, Marrocco S, Brown J, Patterson KK. A novel 
bilateral lower extremity mirror therapy intervention for 
individuals with stroke. Heliyon 2016;2:e00208.

7.	 Olney SJ, Richards CL. Hemiparetic gait following stroke. 
Part I: Characteristics. Gait Posture 1996;4:136-48.

8.	 Chiu HC. Physical functioning and health-related quality of 
life: Before and after total hip replacement. Kaoh J Med Sci 
2000;16:285-92.

9.	 Whitall J. Stroke rehabilitation research: Time to answer more 
specific questions? Neurorehabil Neural Repair 2004;18:3-8.

10.	 Yavuzer G, Selles R, Sezer N, Sütbeyaz S, Bussmann JB, 
Köseoğlu F, et al. Mirror therapy improves hand function in 
subacute stroke: A randomized controlled trial. Arch Phys Med 
Rehabil 2008;89:393-8.

11.	 Stevens JA, Stoykov ME. Using motor imagery in the 
rehabilitation of hemiparesis. Arch Phys Med Rehabil 
2003;84:1090-2.

12.	 Selles RW, Michielsen ME, Bussmann JB, Stam HJ, 
Hurkmans HL, Heijnen I, et al. Effects of a mirror-
induced visual illusion on a reaching task in stroke patients: 
Implications for mirror therapy training. Neurorehabil Neural 
Repair 2014;28:652-9.

Table 5: Intergroup analysis of mean differences in gait parameters for Group A and Group B
Variables Side of extremity Group ‑ A 

mean±SD (diff.)
Group ‑ B 

mean±SD (diff.)
P

Step length (cm) Paretic side 3.69±1.65 0.54±0.88 0.001*
Non‑paretic side 3.69±2.01 0.23±0.60 0.001*

Stride length (cm) Paretic side 7.08±6.03 0.62±1.44 0.001*
Non‑paretic side 6.08±5.09 0.77±0.92 0.001*

Cadence (steps/min) 7.00±4.36 0.54±2.26 0.001*
Velocity (meter/min) 8.36±4.56 1.52±2.63 0.001*

SD: Standard deviation



Bhoraniya et al.� Effect of mirror therapy on the gait of chronic stroke patients

1325	 National Journal of Physiology, Pharmacy and Pharmacology  2018 | Vol 8 | Issue 9

13.	 Carvalho D, Teixeira S, Lucas M, Yuan TF, Chaves F, 
Peressutti C, et al. The mirror neuron system in post-stroke 
rehabilitation. Int Arch Med 2013;6:41.

14.	 Fritzsch C, Wang J, dos Santos LF, Mauritz KH, Brunetti M, 
Dohle C. Different effects of the mirror illusion on motor 
and somatosensory processing. Restor Neurol Neurosci 
2014;32:269-80.

15.	 Cattaneo L, Rizzolatti G. The mirror neuron system. Arch 
Neurol 2009;66:557-60.

16.	 Garrison KA, Winstein CJ, Aziz-Zadeh L. The mirror neuron 
system: A neural substrate for methods in stroke rehabilitation. 
Neurorehabil Neural Repair 2010;24:404-12.

17.	 Sale P, Franceschini M. Action observation and mirror neuron 
network: A tool for motor stroke rehabilitation. Eur J Phys 
Rehabil Med 2012;48:313-8.

18.	 Cristina LM, Matei D, Ignat B, Popescu CD. Mirror therapy 
enhances upper extremity motor recovery in stroke patients. 
Acta Neurol Belg 2015;115:597-603.

19.	 Kim H, Shim J. Investigation of the effects of mirror therapy 
on the upper extremity functions of stroke patients using the 
manual function test. J Phys Ther Sci 2015;27:227-9.

20.	 Guo F, Xu Q, Salem HM, Yao Y, Lou J, Huang X. The neuronal 
correlates of mirror therapy: A functional magnetic resonance 
imaging study on mirror-induced visual illusions of ankle 
movements. Brain Res 2016;1639:186-93.

21.	 Ji SG, Kim MK. The effects of mirror therapy on the gait of 
subacute stroke patients: A randomized controlled trial. Clin 
Rehabil 2015;29:348-54.

22.	 Lai SM, Duncan PW, Dew P, Keighley J. Sex differences in 
stroke recovery. Prev Chronic Dis 2005;36:1232-40.

23.	 Gargano JW, Reeves MJ. Sex differences in stroke recovery 
and stroke-specific quality of life. Stroke 2007;38:2541-8.

24.	 Jood K, Jern C, Wilhelmsen L, Rosengren A. Body mass index 
in mid-life is associated with a first stroke in men. Stroke 
2004;35:2764-9.

25.	 Brandstater ME, de Bruin H, Gowland C, Clark BM. 
Hemiplegic gait: Analysis of temporal variables. Arch Phys 
Med Rehabil 1983;64:583-7.

26.	 Wall JC, Turnbull GI. Gait asymmetries in residual hemiplegia. 
Arch Phys Med Rehabil 1986;67:550-3.

27.	 Lauziere S, Betschart M, Aissaoui R, Nadeau S. Understanding 
spatial and temporal gait asymmetries in individuals post 
stroke. Int J Phys Med Rehabil 2014;2:201.

28.	 Dettmann MA, Linder MT, Sepic SB. Relationships among 
walking performance, postural stability, and functional 
assessments of the hemiplegic patient. Am J Phys Med Rehabil 
1987;66:77-90.

29.	 Flor H, Diers M. Sensorimotor training and cortical 
reorganization. Neuro Rehabil 2009;25:19-27.

30.	 Rothgangel AS, Braun SM, Beurskens AJ, Seitz RJ, Wade DT. 
The clinical aspects of mirror therapy in rehabilitation: 
A systematic review of the literature. Int J Rehabil Res 
2011;34:1-3.

31.	 Michielsen ME, Smits M, Ribbers GM, Stam HJ, Van Der 
Geest JN, Bussmann JB, et al. The neuronal correlates of 
mirror therapy: An fMRI study on mirror induced visual 
illusions in patients with stroke. J Neurol Neurosurg Psychiatr 
2011;82:393-8.

32.	 Altschuler EL, Wisdom SB, Stone L, Foster C, Galasko D, 
Llewellyn DM, et al. Rehabilitation of hemiparesis after stroke 
with a mirror. Lancet 1999;353:2035-6.

33.	 Shinoura N, Suzuki Y, Watanabe Y, Yamada R, Tabei Y, 
Saito K, et al. Mirror therapy activates outside of cerebellum 
and ipsilateral M1. Neuro Rehabilitation 2008;23:245-52.

34.	 Small SL, Buccino G, Solodkin A. The mirror neuron system 
and treatment of stroke. Dev Psychobiol 2012;54:293-310.

35.	 Franceschini M, Agosti M, Cantagallo A, Sale P, Mancuso M, 
Buccino G. Mirror neurons: Action observation treatment 
as a tool in stroke rehabilitation. Eur J Phys Rehabil Med 
2010;46:517-23.

36.	 Michielsen ME, Selles RW, van der Geest JN, Eckhardt M, 
Yavuzer G, Stam HJ, et al. Motor recovery and cortical 
reorganization after mirror therapy in chronic stroke patients: 
A phase II randomized controlled trial. Neurorehabil Neural 
Repair 2011;25:223-33.

37.	 Rizzolatti G, Fogassi L. The mirror mechanism: Recent findings 
and perspectives. Phil Trans R Soc B 2014;369:20130420.

38.	 Buccino G. Action observation treatment: A novel tool in 
neurorehabilitation. Phil Trans R Soc B 2014;369:20130185.

39.	 Fukumura K, Sugawara K, Tanabe S, Ushiba J, Tomita Y. 
Influence of mirror therapy on human motor cortex. Int J 
Neurosci 2007;117:1039-48.

40.	 Matthys K, Smits M, Van der Geest JN, Van der Lugt A, 
Seurinck R, Stam HJ, et al. Mirror-induced visual illusion of 
hand movements: A functional magnetic resonance imaging 
study. Arch Phys Med Rehabil 2009;90:675-81.

41.	 Ertelt D, Small S, Solodkin A, Dettmers C, McNamara A, 
Binkofski F, et al. Action observation has a positive impact 
on rehabilitation of motor deficits after stroke. Neuroimage 
2007;36:T164-73.

How to cite this article: Bhoraniya SH, Mishra DG, Parikh SR. 
The effect of mirror therapy on the gait of chronic stroke patients: 
A randomized controlled trial.  Natl J Physiol Pharm Pharmacol 
2018;8(9):1321-1325.

Source of Support: Nil, Conflict of Interest: None declared.


