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Virtual reality reflection therapy (VRRT) is a technically enhanced version of the mirror therapy concept. The
aim of this study was to investigate whether VRRT could improve the postural balance and gait ability of pa-
tients with chronic stroke.

Twenty-five patients with chronic stroke were randomly allocated into the VRRT group (n=13) and the control
group (n=12). The participants in both groups performed a conventional rehabilitation program for 30 min-
utes. The VRRT group also performed a VRRT program for 30 minutes, five times a week for 4 weeks. The con-
trol group performed conventional rehabilitation program and a placebo VRRT program. Outcome measures in-
cluded Berg Balance Scale (BBS), the Functional Reaching Test (FRT), and the Timed Up and Go (TUG) test (for
dynamic balance ability), postural sway (for static balance ability), and 10 meter walking velocity (10 mWV) for
gait ability.

There were statistically significant improvements in the VRRT group compared with the control group for BBS,
FRT, TUG, postural sway (mediolateral sway distance with eyes open and eyes closed, anteroposterior and to-
tal sway distance with eyes open but not with eyes closed), and 10 mWV (p<0.05).

Applying VRRT (even as a home treatment) along with a conventional rehabilitation program for patients with
chronic stroke might be even more beneficial than conventional rehabilitation program alone in improving af-
fected lower limb function. Future studies should investigate the effectiveness of VRRT with optimal patient
selection, and duration and intensity of training.
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Background

For people with stroke, paralysis and muscle weakness in low-
er limbs can lead to balance and mobility disorders. This ulti-
mately leaves people with stroke restricted in their activities of
daily living [1]. Although there have been many different ther-
apeutic approaches to improving balance and gait, function-
al electrical stimulation [2], virtual reality training [3], whole
body vibration training [4], treadmill training [5], and robot-as-
sisted training [6] have received the most attention. Most of
these treatments have proven to be effective interventions, but
are not in general use due to the cost of the required equip-
ment [7] and the labor-intensive one-on-one nature of the
treatments [8]. Thus, the need for rehabilitation methods us-
ing inexpensive equipment and consisting of an independent
training program has become apparent [9].

Mirror therapy has been discussed as an answer to these chal-
lenges. Mirror therapy uses visual illusion, where patients per-
ceive the reflected image of their unaffected limb as the af-
fected one [10]. It was originally developed to reduce phantom
limb pain [11], but was later applied to studies for people with
stroke. As a result, improvement of upper extremity function
in those patients has been reported [10,12,13].

Two mechanisms explain the effectiveness of mirror therapy.
During the mirror therapy, decreased or absent propriocep-
tive input is compensated through receipt of a normal visual
feedback by looking at the image in the mirror [12] and mir-
ror neurons involved in learning new skills and in sensory in-
tegration are activated. Through this process, patients can re-
gain much of the same functions on the affected side [14,15].

Mirror therapy has the advantages of both visual feedback
training and imagery training [9,10], and has the same ef-
fect as bilateral movement training [13]. However, most re-
search on mirror therapy has been on upper limb rehabilita-
tion [9,11-13,16,17], and currently only one study on lower
limb rehabilitation has been published [18]. Since this lower
limb research was a result of mirror therapy with simple an-
kle exercises, it reported no improvement on complex perfor-
mance like walking [18]. So, further research on lower limb re-
habilitation with multiple tasks is needed.

Most people with stroke develop trunk asymmetry due to pa-
ralysis. Such asymmetry is a major obstacle to improving pos-
tural balance and gait [19]. However, during mirror therapy,
patients have to bend their body toward the unaffected side
to look at the image reflected in the mirror. This leads to yet
more asymmetric posture and causes the neck to deviate away
from the midline. Therefore, patients receive distorted visual
information and cannot maintain correct balance [20]. If pa-
tients or therapists tilt the mirror to resolve such imbalance,

CLINICAL RESEARCH

the image in the mirror is distorted and no visual illusion ef-
fect can be expected.

The current study explored a new rehabilitation intervention
to resolve head and trunk asymmetry and measure the effects
of this new intervention. Using virtual reality reflection therapy
(VRRT) (which applies the principles of mirror therapy), move-
ments of the unaffected side were filmed with a camcorder,
allowing a patient to look at the projected image on the mon-
itor above their affected limb. This method used visual illu-
sion to provide a wider field of vision to see both limbs from
the same angle, and thereby avoid inducing asymmetrical pos-
ture. The aim of the present study was to explore the effect of
VRRT on gait and balance in people with stroke.

Material and Methods

Participants

Participants were in-patients who had suffered a stroke at least
six months previously, and were selected from K Rehabilitation
Center in Gyeonggi-do, South Korea. Participants were includ-
ed in the study if they (1) were able to understand and fol-
low simple verbal instructions; (2) had a Mini Mental State
Examination (MMSE) score over 21; (3) had a Brunnstrom
score between stage | and IV; (4) had no apraxia or hemine-
glect and; (5) had no orthopedic and neurologic conditions
such as fractures and digital neuropathy on their lower ex-
tremities. Prior to inclusion, each participant gave their written
informed consent to participate in the study. The principles of
the Declaration of Helsinki were followed, and the study was
approved in advance by the Institutional Review Board of the
University of Sahmyook.

Procedure

Of the 46 contacted individuals, nine did not meet the study
criteria, and seven declined to participate. Thirty participants
were randomly assigned to either the VRRT group or the con-
trol groups, with 15 patients in each group. Random alloca-
tion software was used to minimize selection bias [21]. Both
the VRRT group and the control group participated in a con-
ventional stroke rehabilitation program, 30 minute a day, five
days a week, for four weeks. The conventional rehabilita-
tion program is patient-specific and consists of neurodevel-
opmental treatment, physical therapy, occupational therapy,
and speech therapy (if needed) [22]. Participants in the VRRT
group additionally received VRRT program, 30 minutes a day,
five days a week, for four weeks. The control group performed
the placebo VRRT program for the same duration. The chang-
es in dynamic balance ability, static balance ability, and gait
ability were assessed before and after the intervention. The
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Assessed for eligibility
(n=46)

Figure 1. Flow diagram based on CONSORT.

Excluded (n=16)

« Met exclusion criteria (n=9)
« Refused to participate (n=7)

Randomized (n=30)

|

Allocation

| l

VRRT group (n=15)
VRRT + conventional rehabiltation

Control group (n=15)
Placebo VRRT + conventional rehabiltation

' '

4-week training

Lost to follow-up (n=2)
Discontinued intervention (n=0)

Lost to follow-up (n=2)
Discontinued intervention (n=1)

Analyzed (n=13) m Analyzed (n=12)

Table 1. General characteristics of participants.

Characteristics VRRT group (n=13) Control group (n=12)
Gender (male/female) 8/5 7/5 ns
| Affected side (ght/lef) w s7 s
lesion type (hemorrhagefischemia) s s s
CAgeGea)  szaisioss sa4i44 s
Height@m) 164312723 165506987 s
CWeight®k@  e3szusos 6150:037 s
Duration of stroke (month) 15arars 13581528 s

Values are expressed as mean + standard deviation or frequency. VRRT — virtual reality reflection therapy; ns — not significant.

tests were performed by the trained assessors, and the as-
sessors were blinded to the participants’ groups. During the
4-week intervention period, two participants were sudden-
ly discharged from the hospital, and three participants com-
plained of dizziness for a total of five participants dropping
out of the study. Thus, 13 patients in the VRRT group and 12
patients in the control group finished the study. Figure 1 de-
scribes participation throughout the trial. The baseline char-
acteristics are presented in Table 1.

VRRT methods

VRRT is an exercise that can be safely applied to people with
stroke. Participants sit on a mat without back support, with
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both feet on the floor so that the distance between the inside
of each heel is 8.4 inch (21.3 ¢m), and the outside of the big
toes are at a 9° of hallux valgus angle. The patients’ pelvic an-
terior must be tilted, and the hip, knee, and ankle joints must
be flexed so that the trunk is asymmetrical or the weight will
be shifted toward the affected area of the participants while
sitting independently.

In this study, participants in the VRRT group placed their af-
fected lower limb into the VRRT box to observe the projected
movement of the unaffected lower limb without visual asym-
metry causing tilting of the head and trunk. The unaffected
lower limb of each participant was placed so that the center
of the camera was over the limb. Participants then adjusted
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VRRT equipnlment
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Figure 2. Setting for virtual reality reflection
therapy.

(amera

the lower extremities so that the image was projected in the
location of the affected lower extremities. When the program
started, the participants were asked to watch the movements
of the lower limbs on the monitor only.

They were then asked to move their unaffected lower limb
at a comfortable speed. During the 4-week test period, three
sets of 10 repetitions per motion were conducted for 30 min-
utes a day, five days a week. Either the caregiver or the par-
ticipants, under observation of the guardian, could intervene
in the program, and a checklist on the back of the equipment
was used to ensure each step was completed. The control group
had the same program as the VRRT group, however,. one dif-
ference was that the participants in the control group did not
see their unaffected lower limb displayed on the monitor, but
instead saw them under the camera. A LCD monitor (width 23
cm x length 30 cm x height 75 ¢m), with a thickness of 3 cm,
was used for this activity (Figure 2).

VRRT program

The VRRT program used in our study was a modified version of
the program presented by Sutbeyaz et al. [18]. The first week
was spent adapting to the VRRT, and every week thereafter,
the level of tasks was consistently elevated to encourage the
participants to take more interest in them.

During the first week, participants were given an opportunity to
feel that the movements of the unaffected lower limb project-
ed on the monitor were those of the affected limb. They were
encouraged to only observe the dorsiflexion and plantarflex-
ion (lifting of the heel) of the unaffected ankle; adduction and
abduction of forefoot and rear foot; and adduction and ab-
duction of the hip (moving the knees inward and outward). In
the second week, the participants observed the motions they
made in the first week and mimicked the movements of the
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unaffected lower limb on the monitor with the affected lower
limb. In the third week, two motions were combined for com-
plexity. The participants were asked to watch the movements
of the dorsiflexion, adduction and abduction of the unaffect-
ed ankle; plantar flexion, adduction and abduction of the an-
kle; and adduction and abduction of the hip of the unaffected
lower limb displayed on the monitor and to mimic them with
the affected lower limb. The fourth week’s motions were more
complex, and involved different tasks. A remote control with up
and down buttons was placed on the floor. Participants were
asked to press each button with their unaffected foot during
dorsiflexion, and adduction and abduction of the unaffected
ankle. They then placed their feet over the 10 cm box locat-
ed in the front, and were asked to tap the unaffected foot on
the floor 10 times quickly. The participants then looked at the
movements of the unaffected limb on the monitor and fol-
lowed the adduction and abduction with the affected limb.

Measurements

To compare dynamic balance ability before and after the inter-
vention, the Berg Balance Scale (BBS), the Functional Reaching
Test (FRT), and the Timed Up and Go (TUG) test were assessed.
The BBS is used to assess the balance of older people and peo-
ple with neurological disorders who are at high risk of falling. It
is a functional balance test that considers three aspects: main-
tenance of posture, postural control through voluntary exer-
cise, and reaction to external stimulus. The balance assess-
ment consists of 14 items performed in a standard order. Each
item is scored on a scale of 0 to 4, with the total score out of
56 [23]. The FRT requires participants to stand with their side
10 cm from the wall, with fists clenched and shoulders flexed
at 90°. Then they stretch their arms forward as far as possi-
ble, parallel to the floor, and the distance to the metacarpo-
phalangeal joint is measured. In this experiment, a digital la-
ser meter (DLE50, Bosch, Germany) was used to measure the
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Table 2. Comparison of outcome measures within group and between groups.

VRRT group (n=13)

0.60+0.12

0.71+0.11*

0.11+0.06**

Control group (n=12)

0.66+0.16 0.69+0.15 0.02+0.05

Values are expressed as mean + standard deviation. VRRT — virtual reality reflection therapy; BBS — Berg balance scale;
FRT — functional reach test; TUG — timed up and go test; EO — eyes open; EC — eyes closed; APS — anterior-posterior sway distance;
MLS — medial-lateral sway distance; TS — total sway distance; 10 mWV — 10 m walking velocity. * Means significant difference within

group. ** Means significant differences between group.

distance between the initial arm location and the outstretched
location for greater accuracy. The TUG was used to assess bal-
ance in older people, with participants scoring from 0 to 5 on
each item of the test. Podsiadlo et al. [24] modified the test
to measure the timed element only. Participants sit in a chair
with armrests, and, upon hearing the command “Go”, get up
from the chair, walk to a 3 m mark ahead, return to the chair
and sit down, with measurements taken of the time it took
each participant to complete the task.

The static balance ability of the participants was assessed by us-
ing a zebris force platform (PDM Multifunction Force Measuring
Plate, Zebris, Germany). The plate is a 32x47 ¢cm matrix with
1,504 pressure sensors (one pressure sensor per 1 cm?). The
sensors measure the static and dynamic pressure at standing
or walking. The participants were asked to stand barefoot on
the force platform, with their feet comfortable situated. The lo-
cation of the feet were marked to ensure that they were posi-
tioned in the same place during reassessment. The arms were
relaxed and down at the participant’s sides. For testing with
their eyes open, they were asked to stare at a 15 cm diameter
dot located 3 m in front of them. For testing with their eyes
closed, they wore eye covers to completely cut off the light,
and were asked not to open their eyes during the measure-
ment. They also used earplugs for 30 seconds so they could
concentrate on the measurement activity [25]. The force plat-
form system measures the medial-lateral, anterior-posterior,

and total sway distance during the standing position. Data
was collected or the three measurements with a rest of 3 min-
utes between each measurement to minimize muscle fatigue.

To assess gait ability, velocity was calculated by measuring the
time it took to move 10 m at maximum speed [26]. Participants
were asked to walk 14 m (to exclude acceleration and decel-
eration), and the speed for the 10 m distance in between was
measured [27].

Statistical analysis

Descriptive statistics were used to summarize baseline charac-
teristics. The Shapiro-Wilk test was used to test the variables
for normality. The Fisher’s exact test was used for comparison
of categorical dependent variables between the groups. The
independent t-test was performed to identify differences be-
tween groups. Comparisons between pre-and post-treatment
data within each group were analyzed using a paired t-test.
SPSS version 19.0 for Windows was used to perform all anal-
yses and p values <0.05 were regarded as significant.

Results

Results for outcome measures are shown in Table 2. In the
change of BBS scores, both the VRRT and the control group
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displayed significant improvements after the intervention, and
the improvement was significantly better in the VRRT group
than in the control group (p<0.05). FRT, TUG, and 10 m WV
showed significant improvements compared to baseline in
the VRRT group (p<0.05), but not in the control group. FRT,
TUG, and 10 m WV showed significant improvements in the
VRRT group compared to the control group. In the changes of
postural sway distance, all conditions with eyes open and the
medial-lateral sway with eyes closed showed significant im-
provement in the VRRT group (p<0.05), but not in the control
group. In addition, the anterior-posterior sway and medial-
lateral sway distance with eyes open showed significant im-
provements in the VRRT group compared to the control group.

Discussion

Most studies of mirror therapy have been on upper extremity
rehabilitation. There are only two mirror therapy studies on
lower extremity rehabilitation. One is a case study of patients
with complex regional pain syndrome [28] and the other is a
randomized controlled trial (RCT) of people with stroke [18]. In
the study of people with stroke, motor recovery (Brunnstrom
stages), spasticity (Modified Ashworth Scale), gait ability
(Functional Ambulation Categories) and motor function (mo-
tor items of FIM instrument) were evaluated. The results of the
RCT showed significant improvement in motor recovery and
motor function but failed to show significant improvement in
spasticity and gait ability [18]. Sutbeyaz et al. [18] posit that
the reason for the lack of improvement in spasticity was due
to the complex pathophysiology of spasticity, while the lack
of improvement in gait ability was attributed to the simpler
ankle movements (dorsiflexion, plantarflexion) that don’t ac-
tivate brain reorganization. Thus, muscle strength, coordina-
tion, balance, and endurance need to be improved for normal
walking and task-specific protocols, and intensive training will
help realize improvement in these areas.

Our study endeavored to use task-focused training rather than
simple exercises (dorsiflexion, plantarflexion). Participants were
given step-by-step exercise to move the different joints re-
quired for walking. As a result, both gait velocity and cadence
increased, unlike in previous reported research. Therefore, these
results suggest the VRRT can be used to improve gait ability.

The exercise program in our study included several elements to
improve gait ability for people with stroke. For example, put-
ting one foot on a box induced dorsiflexion; pushing switch-
es on a remote control with the feet(used in the swing phase)
enhanced inversion and eversion, while pressing the floor
with the feet improved push-off motion in the stance phase.
Unfortunately, in our study there were many more open ki-
netic chain movements than close kinetic chain movements.

CLINICAL RESEARCH

Carey et al. [29] stated that important variables for reorga-
nization of the brain include cognitive elements, function-
al specificity, and performance of complex tasks. More com-
plex movements activate the prefrontal cortex, the primary
motor cortex, the supplementary motor area, and the cere-
bellum [30]. We consider the complex exercise resulting from
performance of various tasks in our study to have an effect
on brain reorganization.

The reason that most mirror therapy has been restricted to the
upper extremity can be explained by the way in which the mir-
ror component was applied. Mirror therapy with a small mirror
(40x70 cm) forces movements to be simple and makes it difficult
to improve complex functions such as walking [18]. One prob-
lem with mirror therapy when used for the lower extremities
is that patients have to bend towards their unaffected side to
look at the image in the mirror, which is counteractive to com-
mon weight support training. In addition, this asymmetric neck
posture distorts visual information and the sense of equilibri-
um. This distortion can lead to additional balance problems [20].

McCabe et al. [28] used a mirror longer than the participant’s
leg for total lower extremity movement for people with com-
plex regional pain syndrome. Using this longer mirror meth-
od for people with stroke may result in greater trunk asym-
metry. VRRT involves setting up a monitor above the affected
side to act like a mirror, with the advantage that participants
can look down comfortably at the horizontal surface without
bending their bodies and thus distorting both their visual field
and vestibular system.

Staines et al. mentioned that bilateral movements of the limbs
activate the primary motor cortex area in the damaged hemi-
sphere [31] and bilateral movements of the limbs results in
significantly greater improvement to motor function and bal-
ance over unilateral movements [32-34]. In addition, symmet-
ric information from both hands during VRRT maximizes the
effect of bilateral movement training [13].

The results of our study showed significant improvement in
balance. Increased scores for participants on BBS (a dynamic
balance assessment tool [35]), showed improvement in range
of motion and functional activity. The FRT, a dynamic balance
and flexibility test, showed an expansion of the limit of sta-
bility. The TUG, a dynamic balance test, showed improvement
in daily living activities and functions.

Hlavackova et al. [36] provided visual information in the mir-
ror in front of participants who had lower limb amputations
and measured postural sway, which was significantly less than
participants who had no visual information in the mirror. This
was reportedly due to the visual feedback replacing lost so-
matosensory information from amputation.
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In our study, visual illusion was induced by the use of VRRT
(over the course of four weeks), maximized through graduat-
ed exercise of the affected lower limb, and was considered,
in conjunction with proprioceptive information, as the reason
for decreased postural sway.

Sousa et al. [37] found that since people with stroke have a
loss of proprioception and weak muscle strength on their af-
fected side, they cannot shift their whole body weight to re-
gain symmetric posture. Because of this, such people are un-
stable when standing or walking. In our study, we measured
postural sway with the eyes closed and found significant dif-
ferences between the two groups in terms of proprioception
improvement.

Hip and ankle joints play important roles in physical stability
[38]. Study result of muscle strength comparison between peo-
ple who had experienced a fall and those who had not found
a significant difference in hip extensions and ankle dorsiflex-
ions [39]. Thus, loss of balance and weak ankle muscles are
likely closely related [40].
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