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ORIGINAL ARTICLE

Mirror Therapy Enhances Motor Performance in the Crosshark

Paretic Upper Limb After Stroke: A Pilot Randomized

Controlled Trial

Setvaraj Samuelkamaleshkumar, MOT, Ste.phen Reethajanetsureka, MOT,
Paul Pauljebaraj, BOT, Bright Benshamir, BOT, Sanjeev Manasseh Padankatti, MOT,

Judy Ann David, MD (PMR)

From Christian Medical College Yellore, Vellore, Tomil Nedu, India.

A major challenge in stroke rehabililation is paresis of the upper
extremity resulting in limited functional performance.'- Existing
stroke rehabilitation  includes  impainment-oriented  exercise
training of the paretic arm,>* Functional electrical stimulation,’
robotic-assisted  rehabilitation.®  bilateral arm  trining,’
constraint-induced movement therapy,” and biofeedback.” The
basic premise of (hese therapy modalities is that repeated physical
practice improves motor activity, allowing the britin 10 reestablish
the circuitry that mediates voluntary movement,'” However, these
interventions have limited use in the presence of severe

Dixclusures: none.

hemiparcsis, which is very olten accompanicd by sensory deficits.
A few of these interventions are also costly and labor intensive,
limiting their implementation on a wider population.''

Recent research articles suggest that the information provided
by imagination (motor imagery)'® and observation of movements
(mirror therapy [MT]) might be an additional rehabilitation
strategy that could be beneficial for motor rehabilitation aflter
stroke.'*"** The concept of using a mirror box is adapted from the
work of Ramachandran and Rogers-Ramachandran,'? who used
mirror images of limbs to examine phantom kinesthetics and, in
some cases, ireal phantom limb pain. The principle of using a
mirror to give visual fecdback is that the input from an intact
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Mirror therapy in stroke

sensory system can be used to access and recruit dormant neural
cireuits in other brain regions.' ™™ A review article by De Vries
and Mulder' states thut the prefiontal cortex. the premiolor corex.
the supplemental motor ares, the cingulate cortex, the parietal
cortex, and the cerebelium, which are aormally involved in
movement planning and execution, are also active during the
observation and imagination of a movement."

MT requires the patient to sit in froat of a mirmor placed in the
midsagiual plane so that the patiem is presented with a mirror
image of his or her nonafTected arm as if it were the affected one.”
Previous  studies. although  undersized and not  sefficienily
controlled, suggest that MT may be beneficial for motor function
recovery of the parciie hand after stroke. T MT hus been
shown to improve range of motion, speed, and accuracy ol arm
movement'® and functional improw:nmms.1‘2"]"7 Studies also
show that MT was effective in improving only visuospatial neglect
but had no elfect on sensorimotor function of the arm,™ activities
of duily living, and quality of life.!"-'*

In summary. MT may be an elfective method to support
recovery from hemiparesis alter swoke, The focus of this study
wis to evaluate whether MT combined with bilaweral amn training
and graded activities improves motor performance and réduces
spastieity in the parclic upper limb after stroke.

Methods

Participants

Participams were recruited from the inpatient stroke rehabilitation
center of a tertiary care teaching hospital, Inclusion criteria for the
study were patients sged between |8 and 60 years with a first-time
ischemic or hemomhagic stroke confined to the middie cercbral

artery tertiary occuming <6 months before the commencement of
the swdy. All patiems were in the Brunnstrom T to [V stages of
recovery for the arm and hand, An additional eriterion was a score
ol more than 24 on the Mini-Mental State Examination. This score
is consistent with an adequate cognitive ability to loltow therapy
instructions and to reporl any adverse effects such as pain or
fatigue during the intervention period.

After the initial screening, 21 patients were eligible 1o be
included in the study, and among them | did not wish to partici-
pite. The research proposal was approved by the Institutionaf
Review Bouard and Ethics Commuittee (institutionaf review board
no. 7136).

Study design

This study was a single-blinded., randomized controlled design. A
computer-generated random number was used Lo allocate partic-
ipants arbitrarily to the MT and control groups. An occupational
therapist blinded 1o the allotment procedure administered the
pretest and posttest assessments. The primary therapist for each
patient who administered the conventional therapy program was
not blinded to the group receiving the imervention (MT). All
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Flow diagram for randomized subject assignment in this

therapists who participated in this study had previous truining in
the MT program protocol (fig 1).

Intervention

Mirror box
A closed wooden box (length 297, widih 7.37, and height 117)
with a mirror on one side and hollow space to accommodate the
paretic hand on the other side was used in this swdy (Rg 2).
During MT, participunts were scated in [ront of the mirror box
with the nonparetic upper limb facing the reflective surface and
the paretic upper limb placed inside the mirror box. Participants
were asked o observe the reflection of the nonparetic upper limb
while moving their wrist and all fingers including the thumb at a
seli~directed speed and were 1o perceive the mirror reflection of
the nonparetic upper limb as if it were the affected one. All ses-
sions were supervised by trained occupationul therapists.
Participants in the MT group received | hour of MT every day in
addition toconventional stroke rehabilitation therapy. This 1 hour of
MTwas divided into two 30-minute sessionstoreduce fatigue. Inthe
first 15 minutes of each session, participants performed nonparetic
wrist flexion, extenston, radial and ulnar deviation. circumduction,
fisting, releasing, abduction, and adduction of all fingers in front of
the mirror box altempting the same movements with the paretic
hand (bitateral arm Lraining)."l‘“‘ In the next 13 minutes of the
session, they practiced 3 different activities in front of the mirnor box
using the nonparetic hand.'' Alogether, each participant practiced
18 dilferent activities in 30 sessions (2 sessions per day, 5 dfwk, 3-
wk duration). Activities were gmaded during the second and third
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Fig 2 Mirror therapy.
wecks of training. The activities consisted of (1) arm-hand dexterity
aclivities such as squeczing sponges, placing beads or pegsin ahole.
and flipping a card and (2) finger dexterity activities such as placing
pins in u hole, counting marbles, and fine shape sorting (table 1),
Participants of both the groups underwent a patient-specific
multidisciplinary rehabilitation program involving conventionul
occupational therapy, physical therapy. and speech therapy (if
required) for 5 days. 6 Wd. over 3 weeks.

Outcome measures

Upper Extremity Fugl Meyer Assessment for motor recovery
The Fugl-Mcyer Asscssment (FIWA) is a quantitative asscssment
100l that measures motor recovery in siroke in the shoulder, elbow,
forearm. wrist, and hand.""=" Total scores for the upper extremity
range from 0 and G6. Tt uses a 3-point ordinal scale (0. cannot
perform: 1. perform pardally: 2, perform completely). This scale
hus a high reliability (oversll intracluss correlalion coef-
ficient =.96), and the intruclass comelation coelficient for the
upper extremity subsection was .97."”

Brunnstrom stages of motor recovery

The Brunnstrom stages of motor recovery consist of 6 sequential
stages. These stsges of motor recovery are based on clinical
assessiments done on the guality of movement and it reflects the
motor control. Higher Brunnstrom stages indicate betier motor
recovery.' This hus an interruter reliability correfation cocfficient
ranging from .74 10 .98.%"'

The Brunnstrom stages of motor recovery for the hand includes
the following: (1) faceidity; (2) little or no aclive finger Mexion;
(3) mass grasp, use of hook grusp bul no release, no voluntary
finger extension. and possibly reftex extension of digits: (4) lateral
prehension with release by thumb movement, semi-voluntary
finger extension with a small range; (5) palmar prehension,
eylindric and spheric grasp. awkwardly performed and with
limited functional use, voluntary mass extension ol digits; and (6)
all prehensile skills under control, lull-range voluntary extension
of digits, individual finger movements present but less accurate
than on the opposite side.

Upper extremity functioning using the Box and Block Test
Gross manual hand dexterity is assessed by wsing the Box and
Block Test (BBT). In this test, the subject seated in fronl of a

Table 1  List of graded activities used for the MT group
Week Session 1 Activities Session 2 Activities
1 Squeezing a spange ball Exercising a grip
strangthener
Stacking rings Building blocks
Coloring a box with crayons Stamping with ink pads
2 Flipping a card Placing clothes clips around
the rim of a cup
Placing beads aver an Counting the marbles
upright poie
Transferring rice to another Connecting dots with pen
cup
3 Placing pegs on a board Making balls out of

Shape sorting
Copying shapes on a paper
using stencils

theraputty
Placing pins on a board
Pasting thermacot balls on
drawn shapes

divided box positioned waist high has to grasp a block from the first
compurtment and Lifl and move the blocks one by one to the other
side within a minute. The number ol blocks trnsfered from one
compartment of 4 box lo another within 1 minute is counted. A
higher value for the number of blocks indicates better manual hand
dexterity. ™ The test-retest reliability for the BBT was reported as
excellent (intraclass correlation cocfficient = .89—.97).7

Modified Ashworth scale to assess the spasticity

Spasticity is clinically graded with the modified Ashworth seule
{MAS). a 5-point rating scale with scores ranging from O to 4. Higher
scores correspond o spasticity or increased tone. whereas lower
scores indicate normad muscle lone. [t has good inter-rater reliability
(weighted k=84) and intrarater reliability {weighted x= 837

Statistical analysis

We analyzed the data using SPSS for Windows (version 16).* All
20 participunts’ demographic and clinical characteristics were
analyzed 1o cheek for homogeneity between the 2 groups. The
independent Mann Whitney U test was used for age, and the
independent studemt ¢ lest was used for continuous variables
{education, duration of stroke, Mini-Mental State Examination,
FM A, BBT). For the categorcal variables, the chi-square test (sex.
side of lesion. Brunnstrom recovery stages for arm and hand, and
MAS) and the Fisher exact test (side of paretic limb and type ol
lesion) were used.

To investigate the effect of MT on the study group compared
with the control group, pretest and postiest scores ol both groups
were analyzed and compared using the paired student ¢ Lest, The
size of the treatment effect was estimaied by using the group's
mean dilference a1 95% confidence intervals (Cls). To lest the
study hypothesis, F-way analyses of variunce with repeated mea-
suregs with a between-subject factor at 2 levels (MT and control
group} was used. Significance was sel at .05,

Results

Participants recruitment was done between June 2011 and March
2013. Pretests and posttests were administered 110 2 days before
and alter the treatment period. Ne participunts missed any session
during the study. Therc were no adverse events such as pain or
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Table 2  Participants’ characteristics at baseline in the MT and control groups
' MT group Control group
Characteristic n Mean £ SD* {min—max) n Mean & SD* (min—max} P Tast Used
No. of patients 10 10
Age (y) 48.4+15.58 (23—72) 53.9+£11.57 {34—72) .549 Hann-Whi_tney U test
Education (y) 12+2.8 (8—16) 12.5+3 (8-16) .704  Independent t test
Duration between stroke and study 3.711.1 (2-5) 4.41+1.4 {27} .231  Independent ¢ test
inclusion (wk) )
Female/mate 2/8 2/8 0  Chi-square
Side of lesion (right/left) 6/4 &/6 800  Chi-square
Paretic limb (right/left) 5/5 6/4 738 Fisher exact test
Dominance (right/left) 10/0 10/0
Lesion type {ischemic/hemorrhagic)  8/2 6/4 .667  Fisher exact test
MMSE . 28.2+1.99 (25—-30) 2742 (25-30) 2195 _Independent £ test
FMA 9.7+10 {0~27) 4.3+9.9 (0-32) 245 'Indépe‘bdent t test
Brunnstrom-hand 1.6+1 {1—3) 1.1+0.3 (1-2) .686  {hi-square
Brunnstrom-arm 2.5+1.4 {1—4) 1.7£0.8 (1-3) .437  Chi-square
BBT (no. of blocks transferred per 1,143.5 {0-11) 0 .056 Independent ¢ test
minute by the paretic timb) . _
MAS 0.8+1.8 (1-2) 0.8+0.9 {(1-2) 465 Chi-square

Abbraviation: MMSE Mrm Mental State Exammatron
* Srgmﬁcance at .05.

swelling reporied by the participants during the treatment process.
The demographic and baseline chinical charscteristics ol the
study participants in both the groups did not differ signifi-
cantly (table 2).

Table 3 represents comparisons between the MT group and the

control group for motor performance and spasticity. In the MT
group. purticipants showed a significant improvement for the

EMA (P =.005), Brunnstrom stages of motor recovery [or the arm
(£=.001) and hand (P =_.02), and the BBT (#=.02). The control
group showed a significant improvement only for the FMA
{(P=.01) and Brunnstrom stages of motor recovery for the am
(£=.004), but not in the hand (P=.37) nor the BBT (P=.31)
Neither group showed a significant differcnce in MAS scores.
The mean score changes and the 95% CI of the FMA (mean,
28.1:95% CI, 8.9-33.3 vs mean, 4.5; 95% CI, 0.8—8.2: P =.008).
Brunnsirom stages o motor recovery for the arm (mean, 2; 95%
CI, 1.5-2.4 vs mean. 0.9; 95% CI, (,.3—1.4; P=.003) and hand
(mean, 1.6; 95% CI, (.8--2.4 vs mean, 0.4 93% CI, 0L03—-0.8:
P==003), and the BBT (mean, 3.5;95% CI, 1.5—9.6 vs mean. (1L.7;

93% CI. —0.9 to 2.3; P=.022) showed more improvement in the
MT group than in the control group. No significant diflerences
were found in both groups for the MAS (mean, 0.5: 93% CI. ~0.1
o 1.1 vs mean, 0.7: 95% CI, —0.06 to 1.5: P =.647)},

Discussion

Our sudy demonstrated the effect of MT in enhancing molor
performance in the paretic upper limb in the early phase of stroke.
Hence, a conventional stroke rehabifitation program that includes
MT combined with bilateral arm training and graded activities as
an adjunct may have benceficial effects. Spasticity was not influ-
enced by MT.

Both the MT and control groups showed improvement in the
motor performance of the parctic upper {imb after stroke. The
improvement (change from bascline scores) in voluntary control
(FMA}, motor recovery of the arm and hand (Brunnsirom stages),
and hand dexterity (BBT) in the MT group was, however, much

higher than in the contrel group. In previous studies, ™t 1his

Table‘3 Effects ofa 3-wk MT program on mator performance and spastlmty in hem\paretrc arm after stroke P

Charactenstrc Group Pretest Posttest P Test Used ’ Mean Drfference (95% oy P . Tést’_}}s'ed_

FMA - MT 9.7+10 30.8+£23.9 005 Paired f test- 21:1 (8.9 to 33.3) 2008* 1-way. repeated- -
. Controb 4.3%9.9 8.8+13.9 .01* Paired ¢ test ~4,5(0.8 to 8.2) © .l mgasures ANOVA

Brunnstrom-arm - MT~ 25+14 45+1.4 .001% Piired t test 2.0 (1.5 to 2.4) -003* l-way fepeated-

) Control ‘1.740.8 2.6::1.1 .004* Paired t test 0.9 (0.3to L 4) medsures ANOVA
Bruninstrom-hand’ MT 1641  3.2+14  .02* Paired ¢ test .16 (0.8.t0 24) 003* 1-way repedted-
IR Lo 0 Coatrol 1. 1+0.3 1.5£0.7° .37  Paired £ test ~ 0.4 (0 03 to 08) } - measures ANOVA ‘
BBY (no. of blacks & _psfer;e'd,lper MT 1 1¢3 5 6.6£8.4 - .02* Paired ttest 5.5 (1.5 22* o

; e -Eontrol 0. 07%2.2 .31 Paired £ test 0.7
COMT- 08418 1.3£0.7 .05 .. -Paired £ test. 0.5
",.Contml 08+ ;9- 1 5107 :

“paired ¢ test. 0.7

AbBrévratrbn VA an_alysrs of vanance
* S:gmﬁcance at’.05.
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improvement was seen only in the distal muscles, unlike our study. function. The equipment is simple and inexpensive to make,
in which the motor control also improved proximally as repre- making it accessible to most therapy setlings.

sented by Brunnsirom stages of the arm, This coukd be auributed

to the incorporation of bilateral arm training and graded activities Supplier

used during the MT in our study.

The greater improvement in the motor perfomance ol (he a. SPSS Inc, 233 S Wacker Dr, 11th P, Chicago, IL 60606.
distat imb in the MT group may be related 1o the findings ol .
previous studies, which repoded that the effect of MT on motor
performance appears (o be most evident for those putients who
have no distaf function at the beginning of the therapy.™!" This has
significant clinical implications because most stroke rehabilitation
therapies, such as constrained-induced movement therapy™ and
biofeedback.” can lead 1o funclional improvements only when
there is partial preservation of distal moter function before starl-
ing therapy.”

MT, when combined with bilateral arm training, was found to
increase the visual or mental imagery feedback, which facilitates
upper limb motor Tunction."*! This improvement in upper limb
motor function may give rise 10 functional improvemens in the
control of the paretic upper limb.”” In addition to bilaterat arm
training, participants in the MT group observed repetitive visual
images of their nonparetic hand performing activities based on in-
hand manipulation and diverse grasp patterns. The images were
mirrored so it appeared thal the paretic hand was doing these
aclivitics. In a previous study, ' in which mirror therapy was
combined with task-oriented rehabilivation, greater improvements
in movement performance occurred in the MT group than in the
control group, similar 1o the findings of this study.

Our results support the recommendation of a previous study
done on patients with subacute stroke that reported that MT would
beneft patients in recovery of upper extremity (unction if imple-
mented at an early slage of stroke rehabilition.' The mean
duration from onsel of siroke o recruitment for the study was 4
weeks, In a previous study, the use of MT at 8 weeks poststroke
resulted in functionat improvements.

Spasticity as measured by the MAS was nol changed either
after the rowmine therapy or after MT amd did not show any sig-
nificant difference between the groups. A previous study’ showed
a similar lack of effect of MT on spasticity. Visual feedback such
as MT alone might not be enough 10 cither influence or control it.!
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Study limitations

The results should be considered with caution because ol the
preliminary nature and size of this study. Although there is po
statistical dilference in groups’ demographic characteristics and
baseline clinical measures, the MT group is younger, with maore
right brain damage, and has higher pretest scores on most of the
ouicome measures than does the control group. This could have
also contribuled to the greater effects of MT. Another important
consideration is that the control group did not undergo placebo
therapy. The imteractive nature of the experimental conditions
precluded blinding of therapists and participants. The long term
elffecis of MT were not measured and the small sample size may
affect the generalizability of the study findings.

Conclusions

MT, when combined with bilateral armm training and graded
activities, was effective in improving the motor performance of
the paretic upper limb if treatment was started within 2 10 5 weeks
of the onsel of the stroke. MT is one of the few treatments to affect
hand function in patients who have no or limited distal limb




