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Mirror Therapy Enhances Lower-Extremity Motor Recovery
and Motor Functioning After Stroke: A Randomized

Controlled Trial
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ABSTRACT. Siitbeyaz S, Yavuzer G, Sezer N, Koseoglu F.
Mirror therapy enhances lower-extremity motor recovery and
motor functioning after stroke: a randomized controlled trial.
Arch Phys Med Rehabil 2007;88:555-9.

Objective: To evaluate the effects of mirror therapy, using
motor imagery training, on lower-extremity motor recovery
and motor functioning of patients with subacute stroke.

Design: Randomized, controlled, assessor-blinded, 4-week
trial, with follow-up at 6 months.

Setting: Rehabilitation education and research hospital.

Participants: A total of 40 inpatients with stroke (mean age,
63.5y), all within 12 months poststroke and without volitional
ankle dorsiflexion.

Interventions: Thirty minutes per day of the mirror therapy
program, consisting of nonparetic ankle dorsiflexion move-
ments or sham therapy, in addition to a conventional stroke
rehabilitation program, 5 days a week, 2 to 5 hours a day, for
4 weeks.

Main Outcome Measures: The Brunnstrom stages of motor
recovery, spasticity assessed by the Modified Ashworth Scale
(MAS), walking ability (Functional Ambulation Categories
[FAC]), and motor functioning (motor items of the FIM
instrument).

Results: The mean change score and 95% confidence inter-
val (CI) of the Brunnstrom stages (mean, 1.7; 95% CI, 1.2-2.1;
vs mean, 0.8; 95% CI, 0.5-1.2; P=.002), as well as the FIM
motor score (mean, 21.4; 95% CI, 18.2-24.7; vs mean, 12.5;
95% CI, 9.6-14.8; P=.001) showed significantly more im-
provement at follow-up in the mirror group compared with the
control group. Neither MAS (mean, 0.8; 95% CI, 0.4-1.2; vs
mean, 0.3; 95% CI, 0.1-0.7; P=.102) nor FAC (mean, 1.7;
95% CI, 1.2-2.1; vs mean, 1.5; 95% CI, 1.1-1.9; P=.610)
showed a significant difference between the groups.

Conclusions: Mirror therapy combined with a conventional
stroke rehabilitation program enhances lower-extremity motor
recovery and motor functioning in subacute stroke patients.
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TROKE IS THE LEADING CAUSE of serious long-term

disability in adults. More than 60% of stroke survivors
suffer from per31stent neurologic deficits that impair activities
of daily living." Lower-extremity motor function after a stroke
is often impaired, causing restrictions in functional mobility.*
Traditionally, physical therapy for patients with hemiparesis in
the weeks after their stroke consists of exercise therapy based
on neuromuscular re-education, as well as on the practice of
pre-walking functional tasks such as transfer activities, weight
shifts in sitting or standing, and the maintenance of unassisted
stance.* Tt has been shown that functional organization of the
motor system, including the primary motor cortex, can be
modulated by both ipsilateral limb movement and passive
observation of movement of the contralateral limb.>”

Mirror therapy is a relatively new therapeutic intervention
that focuses on moving the unimpaired limb. It was first intro-
duced by Ramachandran and Roger-Ramachandran® to treat
phantom pain after amputation. Patients reported that they
could move and relax the often-cramped phantom limb and
experienced pain relief after mirror treatment. In a randomized
crossover design study with chronic stroke patients, Altschuler
et al’ reported that range of motion and speed and accuracy of
arm movement were improved w1th mirror therapy more than
without. Stevens and Stoykov 011 also reported that stroke
patients who trained with mirror therapy for 3 to 4 weeks had
increased Fugl-Meyer Assessment scores, active range of mo-
tion, movement speed, and hand dexterlty Similarly, Sathian et

al'? found that 2 weeks of intense mirror therapy in chronic
stroke patients resulted in a significant recovery of grip strength
and hand movement of the paretlc arm. This therapy has been
used to treat phantom limb pain in amputee patients,® and in
stroke patients with complex regional pain syndrome type I,'?
peripheral nerve injury,'* brachial plexus avulsion,'® and the
paretic hand.®'*> Mirror therapy in stroke patients involves
performing movements of the unimpaired limb while watching
its mirror reflection superimposed over the (unseen) impaired
limb, thus creating a visual illusion of enhanced movement
capability of the impaired limb.'°

Functional brain imaging studies of healthy subjects suggest
that excitability of the primary motor cortex ipsilateral to a
unilateral hand movement is facﬂltated by viewing a mirror
reflection of the moving hand.'® Reorganization of motor func-
tions immediately around the stroke site (ipsilesional) is likely
to be important in motor recovery after stroke, and a contribu-
tion of other brain areas in the affected hemisphere is also
possible.!” Activation when a subject is doing motor tasks can
also occur in the bilateral inferior parietal area, the supplemen-
tary motor area, and in the premotor cortex. 1519 Furthermore,
Luft et al*® demonstrated that central adaptations occur in
networks controlling the paretic as well as the nonparetic lower
limb after stroke. Actions generated using motor imagery ad-
here to the same movement rules and constraints that physical
movements follow, and the neural network involved in motor
imagery and motor execution overlap, primarily in the Jremo-
tor and parietal areas, basal ganglia, and cerebellum.®''¢
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In this study, we hypothesized that congruent visual feed-
back and motor imagery from the moving nonparetic lower
extremity, as provided by a mirror, would help restore the
integrity of cortical processing and thereby restore function in
the affected lower extremity. We designed this randomized,
controlled, assessor-blinded trial to evaluate the effects of
mirror therapy using motor imagery training on lower-extrem-
ity motor recovery in patients with subacute stroke.

METHODS

Participants

We identified potential participants from an inpatient stroke
rehabilitation ward. Two physiatrists (SS, NS) assessed the
subjects to determine their eligibility and to obtain their written
informed consent. The trial included 40 inpatients (23 men, 17
women) with hemiparesis after stroke (mean age, 63.4y; mean
time since stroke, 3.7mo). Stroke was defined as an acute event
of cerebrovascular origin causing focal or global neurologic
dysfunction lasting more than 24 hours,?' diagnosed by a
neurologist, and confirmed by computed tomography or mag-
netic resonance imaging. Patients were required to meet the
following criteria for inclusion in the study: (1) first episode of
unilateral stroke with hemiparesis during the previous 12
months, (2) a score between 1 and 3 (inclusive) on the
Brunnstrom stages of motor recovery of the lower extremity,
(3) no severe cognitive disorders that would interfere with the
study’s purpose, and (4) ambulatory before stroke. The Ankara
University Ethics Committee approved the protocol and all
patients provided their written informed consent.

Sample Size

The required sample size was determined by using the
pooled estimate of within-group standard deviations (SDs) of
4.9, obtained from the pilot data (n=10). Power calculations
indicated that a sample of 40 subjects would provide an 80%
(B=.20) chance of detecting a 20% (a=.05) difference in
improvement between the groups.

Design

We used an assessor-blinded, randomized controlled design.
The same investigator (SS), who was blinded to the treatment
assignment, performed all the assessments. After baseline mea-
surements were obtained, the patients were randomly assigned
to either the mirror group (n=20) or the control group (n=20),
using computer-generated random numbers (fig 1). Blocks
were numbered, after which we used a random-number gener-
ator program to select numbers that established the sequence in
which blocks were allocated to one or the other group. A
physician who was blinded to the research protocol and was not
otherwise involved in the trial conducted the random-number
program.

Intervention

Both the mirror group and the placebo group participated in
a conventional stroke rehabilitation program, 5 days a week, 2
to 5 hours a day, for 4 weeks. The conventional program is
patient-specific and consists of neurodevelopmental facilitation
techniques, physical therapy, occupational therapy, and speech
therapy (if needed). The mirror group received an additional 30
minutes a day of a mirror therapy program consisting of non-
paretic ankle dorsiflexion movements. Subjects were in a semi-
seating position on a bed, while the mirror board (40X70cm)
was positioned between the legs perpendicular to the subject’s
midline, with the nonparetic leg facing the reflective surface.
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Fig 1. Flow diagram for randomized subject assignment in this
study.

Subjects observed the reflection of the nonparetic leg while
flexing and extending the ankle at a self-selected speed under
supervision but without additional verbal feedback. The pla-
cebo group performed the same exercise for the same duration,
but the nonreflecting side of the mirror was used.

Outcome Measures

Outcome was measured in terms of motor recovery
(Brunnstrom stages), spasticity (Modified Ashworth Scale
[MAS]), walking ability (Functional Ambulation Categories
[FAC]), and motor functioning (motor items of FIM instru-
ment). The measures were taken before treatment, at 1 month
post-treatment, and at 6 months (follow-up).

Lower-Extremity Motor Recovery

We assessed lower-extremity motor recovery with the
Brunnstrom stages.?” The 6 grades of those stages for the lower
extremity are: (1) flaccidity, (2) synergy development (minimal
voluntary movements), (3) voluntary synergistic movement
(combined hip flexion, knee flexion, and ankle dorsiflexion,
both sitting and standing), (4) some movements deviating from
synergy (knee flexion exceeding 90° and ankle dorsiflexion
with the heel on the floor in the sitting position), (5) indepen-
dence from basic synergies (isolated knee flexion with the hip
extended and isolated ankle dorsiflexion with the knee ex-
tended in the standing position), and (6) isolated joint move-
ments (hip abduction in the standing position and knee rotation
with inversion and eversion of the ankle in the sitting position).
We used the Brunnstrom stages because they reflect the under-
lying motor control based on clinical assessment of movement
quality.

Spasticity

We used the MAS to grade the spasticity of the ankle flexor
and extensor muscles. The MAS is a 5-point ordinal rating
scale with good interrater reliability and is designed to measure
muscle tone. Higher MAS scores indicate worse spasticity.”
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Table 1: Characteristics of the 2 Study Groups

Variable Mirror (n=20)  Control (n=20) P
Age (y) 62.7+9.7 64.7+7.7 .36%
Sex (women/men) 10/10 7/13 52t
Type of injury (ischemic/ 16/4 17/3 50"
hemorrhagic)

Paretic side (right/left) 6/14 7113 50"
Time since stroke (mo) 3.56+1.3 3.9+1.9 44%
Mean Brunnstrom stages 2.4+0.7 2.5+1.0 73"
Median Brunnstrom stages 3.0 3.0

Mean MAS 2.6+0.5 2.3+0.7 A3t
Median MAS 3.0 2.0

Mean FAC 1.9+0.5 2.0+0.7 791
Median FAC 2.0 2.0

FIM motor score 48.3+5.5 50.2+11.6 b51*

NOTE. Values are mean * SD, median, or number of patients.
*Student t test.
X2 test.

Walking Ability

Walking ability was assessed with the FAC and the motor
items of the FIM. The FAC is a reliable and valid assessment
tool whose 6 categories provide information on the level of
physical support patients need to ambulate safely both indoors
and outdoors.** Our subjects were permitted to use walking
devices (eg, canes) during the measurements.

Motor Functioning

The FIM is the functional status component of the Uniform
Data System for Medical Rehabilitation.> It is widely used in
rehabilitation centers and has properties useful to stroke inves-
tigators. It has 18 items that measure independent performance
in self-care, sphincter control, transfers, locomotion, commu-
nication, and social cognition. FIM scores range from 1 to 7: a
FIM item score of 7 is categorized as “complete indepen-
dence,” while a score of 1 indicated “complete dependence”
(performs <25% of task). Scores below 6 mean that a subject
requires supervision or assistance from another person.”® We
used the motor items of the FIM; the total score ranges from 13
(lowest) to 91 (highest). The reliability and validity of the
Turkish version of the FIM has been well documented.?’
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Statistical Analysis

We analyzed the data using SPSS* for Windows. Groups
were compared at baseline using the ¢ test for independent
samples for the continuous variables, and the chi-square test for
categorical data. All outcome variables were normally distrib-
uted; for that reason we chose analyses of variance with re-
peated measures to test our hypothesis, with a between-subject
factor at 2 levels (the 2 groups) and a within-subject factor at
3 levels (the time: pretreatment, post-treatment, follow-up).
The interaction of group and time determined the efficacy of
the mirror therapy on the outcome measures.

RESULTS

Demographic and clinical characteristics of the 40 partici-
pants, as well as baseline comparisons of the groups, are
presented in table 1. None of the patients missed more than 2
scheduled sessions. Three patients from the mirror group and 4
patients from the control group could not attend the follow-up
clinic for final evaluation because of socioeconomic reasons.
We did not observe any adverse events. Baseline comparisons
revealed that age, gender, injury characteristics, time since
stroke, Brunnstrom stages, MAS, FIM motor, and FAC scores
did not differ between the groups (P>.05). All assessed out-
come parameters improved significantly in both groups after
the treatment and continued to improve at follow-up (table 2).
The mean change score and 95% confidence interval (CI) of the
Brunnstrom stages (mean, 1.7; 95% CI, 1.2-2.1; vs mean, 0.8;
95% CI, 0.5-1.2; P=.002), as well as the FIM motor score
(mean, 21.4; 95% CI, 18.2-24.7; vs mean, 12.5; 95% CI,
9.6-14.8; P=.001), showed significantly more improvement at
follow-up in the mirror group than in the control group. Neither
MAS (mean, 0.8; 95% CI, 0.4-1.2; vs mean, 0.3; 95% CI,
0.1-0.7; P=.102) nor FAC (mean, 1.7; 95% CI, 1.2-2.1; vs
mean, 1.5; 95% CI, 1.1-1.9; P=.610) showed significant dif-
ferences between the groups.

DISCUSSION

This study reveals that in our group of stroke patients, mirror
therapy combined with a conventional rehabilitation program
provides additional long-term benefits in terms of lower-
extremity motor recovery and motor functioning. Several re-
cent studies on paretic upper extremity, although undersized
and not sufficiently controlled, have indicated that mirror ther-
apy may be a promising tool with which to promote motor

Table 2: Motor Recovery, Spasticity, Walking Ability, and Motor Functioning Scores of Patients at Pretreatment,
Post-Treatment, and Follow-Up

Parameter Group Pretreatment Post-Treatment Follow-Up A (95% CI) P

Brunnstrom stages .002
Mirror 2.4+0.7 3.5*+0.8 4.2+0.8 1.7 (1.2-2.1)
Control 2.5*+1.0 3.0+0.7 3.4+0.8 0.8 (0.5-1.2)

MAS .102
Mirror 2.6+0.5 2.3*x0.5 1.8+0.7 0.8(0.4-1.2)
Control 2.3+0.7 2.2+0.7 1.9+0.7 0.3(0.1-0.7)

FAC .610
Mirror 1.9+0.5 2.8+0.6 3.620.9 1.7 (1.2-2.1)
Control 2.0x0.7 2.9+0.7 3.5+0.9 1.5(1.1-1.9)

FIM motor .001
Mirror 48.3*+5.5 65.9+4.8 69.9+5.9 21.4 (18.2-24.7)
Control 50.2+11.6 61.7+14.6 62.9+12.8 12.5(9.6-14.8)

NOTE. Values are mean + SD. P values were obtained using analysis of variance for repeated measures.

Abbreviation: A, mean change at follow-up from baseline.
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recovery, mobility, muscle strength, dexterity and functionality
after stroke.”'® To our knowledge, ours is the first study to
investigate the effects of mirror therapy on the paretic lower
extremity.

It is well known that an increased inflow of signals from
sensory modalities via various ways can enhance plasticity of
the brain.?® Sensory processes (including vision, audition, pro-
prioception, touch, and pressure) can mediate feedback infor-
mation that is available as a result of movement. Verbal cueing
and coaxing by therapists,?® visual and auditory feedback from
electromyography,* forceplate (balance and weight shift train-
ing), computer screen (virtual reality and web-based telereha-
bilitation),*'*? and kinematic feedback from an electrogoniom-
eter® are the most common examples used for stroke
rehabilitation. In this study, we used mirror therapy to give
visual feedback to the patients to enhance lower-extremity
motor recovery. Studies have shown that mirror illusions have
measurable effects on brain activity.'®2° Altschuler et al® hy-
pothesized that mirror therapy provides visual input of a nor-
mal movement of the affected arm in stroke patients, which
may compensate for a decreased or absent proprioceptive in-
put. Stevens and Stoykov'®'! defined mirror therapy as a form
of visually guided motor imagery, which is the mental perfor-
mance of a movement without overt execution of that move-
ment. Extensive clinical, neurophysiologic, and neuroimaging
evidence demonstrates that motor imagery involves the same
neural networks as motor execution.** Another possible mech-
anism is the involvement of the mirror neuron system.'® Mirror
neurons are bimodal visuomotor neurons that are active during
action observation, mental stimulation (imagery), and action
execution. For example, it has been shown that passive obser-
vation of an action facilitates M1 excitability of the muscles
used in that specific action.>® Mirror neurons are now generally
understood to underlie the learning of new skills by visual
inspection of the skill.

In our study, all subjects performed voluntary ankle dorsi-
flexion movements on their nonparetic side during the therapy
sessions. We selected ankle dorsiflexion because it represents
selective motor control in the lower extremity after stroke.
Ankle movement training is known to facilitate brain reorga-
nization, and the angle paradigm may serve as an ongoing
physiologic assay of the optimal type, duration, and intensity of
rehabilitative gait training.*® In the lower extremity, voluntary
ankle dorsiflexion is a way of indicating the achievement of
selective motor control.”> Once voluntary movement is achieved
(Brunnstrom motor recovery stage II recovery or beyond), syner-
gistic patterns are then modified to selective (out-of-synergy)
patterns.

In this study, in contrast to motor recovery and motor function-
ing, the between-group difference was not significant for walking
ability and spasticity. Spasticity has a complex pathophysiology
that enhanced visual feedback may not be sufficient to influence or
control. Walking is also a complex performance and requirements
for normal gait include (but are not limited to) muscle strength,
coordination, balance, endurance, etc. For motor learning to be
successful, the desired motor task must be practiced in a pattern
that is as close to normal as possible®” and practiced intensively.*®
Our intervention did not provide for practice of a gait pattern that
is close to normal. It is believed that repeated task-specific proto-
cols induce brain reorganization that facilitates functional im-
provements.* Cognitive involvement, functional specificity, and
progressive complexity of the tasks being trained are the key
variables of motor training and cortical reorganization.*® We did
not increase the complexity level of the training in this study.
Another explanation for the lack of effect on walking ability may
be that the 4 weeks (20 sessions, a total of 10h) in which the mirror
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therapy was applied may have been too short to produce signifi-
cant benefits for such a complex activity. Kwakkel*' reported that
a minimum of at least 16 hours augmentation was necessary to
determine the required amount of practice needed to affect func-
tion. Because there are very few studies on the use of mirror
therapy in patients with stroke, there is no widely accepted agree-
ment on the duration, timing, and application of such a program.
Our results confirm that visual feedback via a mirror is a
simple, inexpensive and, most importantly, a patient-specific
treatment. We believe that incorporating mirror therapy into
the conventional rehabilitation program at an early stage of
treatment, and applying it for a long period of time (perhaps
continuing the therapy at home after discharge), may be ben-
eficial in improving the effects and outcome on lower-extrem-
ity motor recovery and function. The limitations of this study
are the relatively small study population and the fact that we
did not use imaging techniques (eg, functional magnetic reso-
nance imaging, positron emission tomography) that might have
demonstrated brain reorganization after therapy.

CONCLUSIONS

Mirror therapy combined with a conventional rehabilitation
program enhanced lower-extremity motor recovery and func-
tioning in our subacute stroke inpatients.
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