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Effect of mirror use on lower extremity muscle 
strength of patients with chronic stroke
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Abstract.	 [Purpose] This study examines the effect on muscle strength of lower extremity muscle strength exer-
cise while using a mirror on the non-paretic side in patients with chronic stroke. [Subjects and Methods] Subjects 
were randomly assigned to a non-mirror lower extremity exercise group (n=10), a mirror lower extremity exercise 
group (n=10), or a mirror lower extremity muscle strength exercise group (n=10). Subjects were asked to do the 
exercise assigned to their group (5 sets 30 times a day, 5 times weekly for 4 weeks) with general physical therapy in 
the hospital. Muscle strength in the knee extensor and flexor of paretic and non-paretic side were measured using 
electrical muscle testing device before and after the intervention. [Results] Muscle strength significantly increased 
within each group after intervention. No significant differences were found among the three groups. [Conclusion] 
This study showed that the lower extremity muscle strength exercise of the non-paretic side using a mirror has a 
positive effect on muscle strength in patient with chronic stroke.
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INTRODUCTION

Stroke is a major problem causing disability in adults1). Most survivors experience decreased motor function and do 
not fully recover2). After a stroke, patients have physical therapy such as neuromuscular re-education and functional tasks 
including weight-bearing training in a standing position3).

Since it is related to independent functional activity, treatments for patients focus on muscle strengthening of extremities 
on the paretic side4). Muscle strengthening exercise of the paretic side is important to increase motor function and quality of 
daily activities5). However, patients who have severe paralysis often dislike a treatment approach focusing on paretic side 
recovery6). Instead, a treatment method using the non-paretic side has potential. Carroll et al.7) showed that elbow flexor 
muscle exercise increased activity of the elbow flexor muscle, which performs the same function on the opposite side.

Visual feedback through motion in the mirror enables bilateral exercise training and helps improve brain function in 
subacute stroke8). Mirror therapy using activation of the mirror neuron system is a cognitive training method used to increase 
motor function and motor learning9, 10). Mirror therapy is task-oriented therapy based on imagery therapy in which patients 
see their non-paretic side with imaging as their paretic side11).

Therefore, the purpose of this study is to assess the effect of muscle strengthening exercise using a mirror for muscle 
strength treatment in chronic stroke patients.
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SUBJECTS AND METHODS

Thirty subjects who voluntarily participated in this study and signed written consent forms were assigned to control group, 
experimental group 1, and experimental group 2 in random order. The ethical committee of Daegu University approved this 
study (IRB: 1040621–201702-HR011-02). The control group performed lower extremity exercise without a mirror, experi-
mental group 1 performed lower extremity exercise using a mirror, and experimental group 2 performed lower extremity 
exercise using a mirror with a sandbag on the ankle.

General subject characteristics are as follows: gender (male: 13, female: 17), paretic side (control group: right 6, left 4, ex-
perimental group 1: right 2, left 8, experimental group 2: right 5, left 5), age (years) (control group: 62.1 ± 9.52, experimental 
group 1: 69.6 ± 12.24, experimental group 2: 72.3 ± 11.35), height (cm) (control group: 167.76 ± 7.15, experimental group 
1: 160.67 ± 7.01, experimental group 2: 159.43 ± 11.59), weight (kg) (control group: 65.67 ± 16.24, experimental group 1: 
61.12 ± 11.72, experimental group 2: 56.48 ± 8.62), Brunnstrom stage (grade) (control group: 3.1 ± 0.73, experimental group 
1: 3.3 ± 0.48, experimental group 2: 3.0 ± 0.66), and MMSE-K (score) (control group: 25.1 ± 1.20, experimental group 1: 
25.6 ± 2.46, experimental group 2: 2 26.4 ± 1.65).

Muscle strength of knee extensor and flexor on the paretic and non-paretic side were measured before and after interven-
tion. This study used a modified mirror therapy program of Sütbeyaz et al.12) and added a sandbag to the intervention. The low 
extremity exercise is the following: 1) subjects sit back in the chair, 2) subjects flex hip and knee 90 deg. and maintain ankle 
dorsiflexion, 3) while keeping that position, subjects fully extend knee, then flex 90 deg., 4) subjects repeat this procedure 30 
times (30 times is 1 set), 5) after one set, subjects take a rest for a minute and start again, 6) subjects do five sets daily, five 
times weekly for four weeks.

Muscle strength in the knee extensor and flexor of paretic and non-paretic side were measured using PowerTrack II MMT 
(COMMANDER, JTech Medical, USA). This study compared and analyzed the mean value after three measurements.

The analysis used SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. IBM Corp., Armonk, 
NY, USA). The Shapiro-Wilk test was used to test the normal distribution. To compare differences within a group pre- and 
post-test, the paired t-test was used. To verify differences among groups, one-way ANOVA was used. LSD (least significant 
difference) was used for post-hoc analysis. Null hypotheses of no difference were rejected if p-values were less than 0.05.

RESULTS

Muscle strength of knee extensor and flexor significantly increased in all subjects after intervention (p<0.05) (Table 1). No 
significant differences were found among groups (p>0.05).

DISCUSSION

This study examines the effect on muscle strength of lower extremity muscle strength exercise while using a mirror on the 
non-paretic side in patients with chronic stroke. After intervention, muscle strength of all subjects significantly increased, but 
there were no significant differences among groups.

Fujiwara et al.13) reported that using cross-effect contracting muscles of non-paretic side could activate muscles on the 
paretic side in patients with stroke. Therefore, in this study, muscle strength increased not only on the non-paretic side but 
the paretic side.

Sütbeyaz et al.12) found significant increases of Brunnstrom stage and FIM score after intervention using ankle dorsiflex-
ion with mirror therapy, and suggested that general physical therapy with mirror therapy could increase motor recovery in 

Table 1.	 Change in characteristics in the three groups (values are presented as means and standard deviations)

CG (n=10) EG1 (n=10) EG2 (n=10) F
Quadriceps 
In paretic side

Pre. 37.3 (7.5) 36.3 (8.6) 35.1 (9.7) 0.2
Post. 41.6 (8.8)* 44.8 (10.0)* 44.2 (9.5)* 0.3

Hamstring 
In paretic side

Pre. 28.3 (5.2) 26.5 (4.6) 26.7 (3.7) 0.5
Post. 34.2 (8.2)* 33.4 (5.0)* 33.4 (5.2)* 0.1

Quadriceps 
In non paretic side

Pre. 44.0 (8.5) 43.4 (11.1) 43.2 (8.8) 0.0
Post. 55.6 (9.9)* 56.2 (11.7)* 58.4 (8.2)* 0.2

Hamstring 
In non paretic side

Pre. 37.7 (8.3) 35.2 (4.4) 36.7 (8.2) 0.3
Post. 50.2 (11.6)* 50.9 (9.5)* 52.7 (9.7)* 0.2

CG: control group; EG1: Experiment group 1; EG2: Experiment group 2.
*p<0.05.
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patients with subacute stroke. A meta-analysis by Lee et al.14) proposed that mirror therapy could be more effective in stroke 
patients in the early stage. Judging by the results of this study, which did not find a significant difference among groups, 
disease period is important in mirror therapy. However, since there was greater increase in the experimental groups 1 and 2 
compared with the control group, the mirror therapy had an effect. Since this study used a lower intensity strength exercise 
because of subjects’ age and long disease duration, there were no large effects in the comparison between experimental group 
1 and 2.

Therefore, more research using mirror therapy with high-intensive muscle strength in acute and subacute patient younger 
age than 60 years is needed.

In conclusion, muscle strength exercise using a mirror on the non-paretic side increased muscle strength, and this method 
could be used for increasing muscle strengthening in patients with chronic stroke.

Funding
This study was supported by a Daegu University Research Grant (2017).

REFERENCES

1)	 Dennis MS, Burn JP, Sandercock PA, et al.: Long-term survival after first-ever stroke: the Oxfordshire Community Stroke Project. Stroke, 1993, 24: 796–800. 
[Medline]  [CrossRef]

2)	 Cramer SC, Bastings EP: Mapping clinically relevant plasticity after stroke. Neuropharmacology, 2000, 39: 842–851. [Medline]  [CrossRef]
3)	 Ryerson S, Levit K: Functional movement reduction: a complementary model for stroke rehabilitation. New York: Churchill Livingstone, 1997.
4)	 Andrews AW, Bohannon RW: Discharge function and length of stay for patients with stroke are predicted by lower extremity muscle force on admission to 

rehabilitation. Neurorehabil Neural Repair, 2001, 15: 93–97. [Medline]  [CrossRef]
5)	 Ada L, Dorsch S, Canning CG: Strengthening interventions increase strength and improve activity after stroke: a systematic review. Aust J Physiother, 2006, 

52: 241–248. [Medline]  [CrossRef]
6)	 Blanton S, Wolf SL: An application of upper-extremity constraint-induced movement therapy in a patient with subacute stroke. Phys Ther, 1999, 79: 847–853. 

[Medline]
7)	 Carroll TJ, Herbert RD, Munn J, et al.: Contralateral effects of unilateral strength training: evidence and possible mechanisms. J Appl Physiol 1985, 2006, 101: 

1514–1522. [Medline]  [CrossRef]
8)	 Yavuzer G, Selles R, Sezer N, et al.: Mirror therapy improves hand function in subacute stroke: a randomized controlled trial. Arch Phys Med Rehabil, 2008, 

89: 393–398. [Medline]  [CrossRef]
9)	 Bhasin A, Padma Srivastava MV, Kumaran SS, et al.: Neural interface of mirror therapy in chronic stroke patients: a functional magnetic resonance imaging 

study. Neurol India, 2012, 60: 570–576. [Medline]  [CrossRef]
10)	 Rizzolatti G, Fogassi L, Gallese V: Neurophysiological mechanisms underlying the understanding and imitation of action. Nat Rev Neurosci, 2001, 2: 661–670. 

[Medline]  [CrossRef]
11)	 You SH, Jang SH, Kim YH, et al.: Virtual reality-induced cortical reorganization and associated locomotor recovery in chronic stroke: an experimenter-blind 

randomized study. Stroke, 2005, 36: 1166–1171. [Medline]  [CrossRef]
12)	 Sütbeyaz S, Yavuzer G, Sezer N, et al.: Mirror therapy enhances lower-extremity motor recovery and motor functioning after stroke: a randomized controlled 

trial. Arch Phys Med Rehabil, 2007, 88: 555–559. [Medline]  [CrossRef]
13)	 Fujiwara T, Hara Y, Chino N: The influence of non-paretic leg movement on muscle action in the paretic leg of hemiplegic patients. Scand J Rehabil Med, 1999, 

31: 174–177. [Medline]  [CrossRef]
14)	 Lee HW, Jeon HS: Effects of mirror therapy on motor recovery following a stroke: a meta-analysis. Phys Ther Korea, 2012, 19: 48–58.  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/8506550?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.24.6.796
http://www.ncbi.nlm.nih.gov/pubmed/10699449?dopt=Abstract
http://dx.doi.org/10.1016/S0028-3908(99)00258-0
http://www.ncbi.nlm.nih.gov/pubmed/11811257?dopt=Abstract
http://dx.doi.org/10.1177/154596830101500202
http://www.ncbi.nlm.nih.gov/pubmed/17132118?dopt=Abstract
http://dx.doi.org/10.1016/S0004-9514(06)70003-4
http://www.ncbi.nlm.nih.gov/pubmed/10479785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043329?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00531.2006
http://www.ncbi.nlm.nih.gov/pubmed/18295613?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.08.162
http://www.ncbi.nlm.nih.gov/pubmed/23287316?dopt=Abstract
http://dx.doi.org/10.4103/0028-3886.105188
http://www.ncbi.nlm.nih.gov/pubmed/11533734?dopt=Abstract
http://dx.doi.org/10.1038/35090060
http://www.ncbi.nlm.nih.gov/pubmed/15890990?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000162715.43417.91
http://www.ncbi.nlm.nih.gov/pubmed/17466722?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.02.034
http://www.ncbi.nlm.nih.gov/pubmed/10458315?dopt=Abstract
http://dx.doi.org/10.1080/003655099444515
http://dx.doi.org/10.12674/ptk.2012.19.2.048

