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ABSTRACT

Objectives: This study aims to investigate the effects of mirror therapy (MT) on upper limb function, activities of daily living (ADLs), and
depression in post-stroke depression patients.

Patients and methods: Between November 2018 and December 2019, a total of 60 post-stroke patients (33 males, 27 females; mean age:
58.45+11.13 years; range, 35 to 88 years) were included. The patients were randomly divided into either the cosntrol group (n=30) or the
MT group (n=30). Regular occupational therapy was provided for the control group (two times per day for 30 min per session, five times
per week over four weeks). Occupational therapy and MT were used to treat patients in the mirror group (one 30 min session once per
day, five times per week over four weeks). Motor function (Fugl-Meyer Assessment of the Upper Extremity, FMA-UE), ADL (Modified
Barthel Index, MBI) and depression (17-item Hamilton Depression Scale, HAMD-17) were used to evaluate the treatment outcomes.
Results: Before treatment, the mean HAMD-17, FMA-UE, and MBI scores showed no significant difference between the two groups
(p>0.05). After treatment, the mirror group exhibited more significant improvements than the control group in terms of the mean
HAMD-17, FM-UE, and MBI (p<0.05). After four weeks, the mean FMA-UE and MBI scores revealed more significant improvements than
the baseline scores in the control group (p<0.01). The mean HAMD-17, FMA-UE, and MBI scores showed more significant improvements
than the baseline scores in the MT group (p<0.001).

Conclusion: Based on these results, MT can effectively improve motor function, ADLs, and depression in post-stroke depression patients.
The curative effectiveness of MT seems to be more prominent than the regular occupational therapy.
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Stroke ranks the second most common cause of
death in the world and is one of the major causes
of disability."! The worldwide morbidity rate and
prevalence rate of stroke and its syndromes have been
increasing annually.” In 2017, across the world, stroke
contributed to 6.17 million deaths.’! In addition,
survivors experience different function impairments,
while 33% of survivors develop post-stroke depression
(PSD)." A research on ischemic stroke patients
demonstrated that PSD patients, compared to those
having no PSD, had a 15% higher disability rate, were
hospitalized for a longer period, and their rehabilitation
treatment was less effective than that of non-PSD

patients.”! Also, PSD has a negative impact on patients'
daily living activities (ADLs) and quality of life, and
it increases the mortality and suicide rate, thereby,
placing a heavy burden on families and the society.

Mirror therapy (MT), also known as mirror visual
feedback, was first developed in 1995 by Ramachandran
et al,” to treat phantom limb pain. Altschuler® was
the first to apply MT to aid recovery of upper limb
function in PSD patients. In a meta-analysis carried
out by Thieme et al.,”” MT could significantly improve
the upper and lower limb motor functions and other
functions that support ADLs. The mechanism of
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MT involves activating relevant brain regions, such
as the frontal lobe."” Castanheira et al.™! found that
the frontal lobe and anterior cingulate gyrus were the
main brain areas in which function was affected in
patients with depression.

There is a limited number of data in the literature
on this subject. In the present study, we hypothesized
that MT could exert a positive influence on improving
PSD. We, therefore, aimed to examine the effect of
MT on the treatment of depressive emotions of PSD
patients and on the recovery of PSD patients’ upper
limb function and their ADLs.

PATIENTS AND METHODS

This randomized controlled trial study was
conducted at The Third Affiliated Hospital of
Soochow University, Department of Rehabilitation
between November 2018 and December 2019. A total
of 60 post-stroke patients (33 males, 27 females;
mean age: 58.45+11.13 years; range, 35 to 88 years)
who were hospitalized in our center were included in
the study. Inclusion criteria were as follows: patients
who were first-time stroke patients with a confirmed
diagnosis by computed tomography and magnetic
resonance imaging; patients who met the Diagnostic
and Statistical Manual of Mental Disorders-V
(DSM-V) criteria for depressive disorder; patients
who suffered from hemiplegia with upper limb
functions (Brunnstrom Stage 1-4; setting balance
level >I, limb muscle tension improvement level
<2, as assessed by the he Modified Ashworth Scale
[MAS]); patients who were in the lucid state of mind
and able to understand simple instructions and
to cooperate with the treatment; patients with a
17-item Hamilton Depression Scale (HAMD-17) of
>7; patients having normal vision without no visual
field defect; and patients and/or their relatives who
were aware of and willing to give a consent for the
study. Exclusion criteria were as follows: having
upper limb bone fractures or other injuries and
having a history of depression before the stroke;
using medical drugs which may affect the mood;
and previous MT. Using randomized numbers, we
allocated the patients into two groups as follows: the
control group (n=30) and the MT group (n=30). A
written informed consent was obtained from each
patient. The study protocol was approved by the
Ethics Committee of The Third Affiliated Hospital
of Soochow University (No: 2018032). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.
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Intervention methods

The control group received occupational therapy
for five days per week, two sessions per day, 30 min per
session over a total of four weeks. Occupational therapy
consisted of therapeutic occupational activity training,
sensory training, and ADL training. The content of
the training was developed by the therapists for each
individual patient. The baseline treatment lasted for
four weeks, the frequency was one session five days per
week, and the duration of each session was 1 h.

The MT group received occupational therapy
for one session per day for five days per week,
30 min per session over a total of four weeks. Based
on the occupational therapy, MT was also provided
throughout the whole course (one session per day for
five days per week and each session lasted 1 h).

During the MT, the patients were instructed to
sit up straight and put their two upper limbs on the
table. A mirror was placed on the midsagittal plane
between the limbs. The front of the mirror faced
toward the healthy part, while its back faced toward
the dysfunctional part. The patients were instructed to
lean their body slightly toward the healthy part so that
they could observe the mirror image of their healthy
upper limb’s movement, while their dysfunctional part,
hidden by the mirror, remained unseen. Quietness was
maintained in the therapeutic environment. Based on
the degree of difficulty, the researchers instructed the
patients to make 10 movements using their healthy
upper limb in the following order: flexion and tension
of the elbow joint, palmar flexion and dorsal extension
of the wrist, wrist ulnar deviation and radial deviation,
making a thumb-up gesture, an empty-hand grip,
hook-form grip, cylindrical form grip, sphere form
grip, finger-to-finger movement, and side pinch. The
patients were instructed to observe the mirror image.

Assessment

Before the treatment and at the end of four-week
treatment, the motor functions, ADL function, and
depression level were evaluated by two medical staff
members from the recovery department who had a
psychological consultation certificate and did not
participate in the research.

The motor functions were evaluated using the
Fugl-Meyer Upper Extremity (FMA-UE) Scale which
is a widely used and highly recommended scale to
assess upper limb function in post-stroke patients.! It
consists of 33 items, each of which is assigned a score
ranging from 0 to 2. The total score is 66. A higher
score indicates higher performance.
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The performance in ADLs was evaluated using the
Modified Barthel Index (MBI). It consists of 10 items,
with a total score of 100. Higher scores indicate a
higher degree of performance. This scale is easy
to use and has high reliability and validity.™ It is,
therefore, the most widely used method to evaluate
ADL capability.

Severity of depression was evaluated using the
HAMD-17 scale. It is the most widely used scale to
evaluate depression worldwide. The HAMD-17 scale
consists of 17 items, and each is assigned a score
ranging from between 1 and 4. Higher score indicates
a greater severity of depression. The highest total score
is 68 (0-7 without depression, 8-17 mild depression,
18-24 moderate depression, higher than 24 severe
depression).l'*+!!

Statistical analysis

Statistical analysis was performed using the IBM
SPSS for Windows version 21.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive data were expressed
in mean * standard deviation (SD), median (min-
max) or number and frequency, where applicable.
The normality of data distribution was assessed using
the Kolmogorov-Smirnov test. For the intra-group
analysis and pre- and post-treatment comparison,
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a paired samples t-test and Wilcoxon signed-rank
test were carried out for normally and non-normally
distributed data. For the inter-group analysis,
an independent samples t-test was conducted for
normally distributed data and the Mann-Whitney
U test was employed for non-normally distributed
data. A p value of <0.05 was considered statistically
significant.

RESULTS

Baseline demographic characteristics of the study
population are shown in Table 1.

The mean FMA-UE and MBI scores of the control
group showed a significant improvement after the
treatment (p<0.01). The mean HAMD-17, FMA-UE,
and MBI scores of the MT group also significantly
improved after the treatment (p<0.01) (Table 2).

Between the groups, there was no significant
difference in the mean HAMD-17, FMA-UE, and
MBI scores at baseline (p>0.05). However, after the
treatment, the mean HAMD-17 scores were found
to be significantly lower in the MT group (p<0.05).
Furthermore, the mirror group showed a significant
improvement in the mean FMA-UE and MBI scores
after the treatment (p<0.001) (Table 2).

TABLE 1
Baseline demographic characteristics of study population

Sex Age (year) Disease duration (day)
Sample number Female Mean+SD Mean+SD
Control group 30 12 59.9+11.8 31.5+8.9
Mirror group 30 15 57.0+10.4 29.5%7.8
Statistics value $?=0.606 t=1.033 t=0.942
P-value 0.436 0.306 0.350
SD: Standard deviation.

TABLE 2
Comparison of subject performance of study groups before and after treatment
HAMD-17 FM-UE MBI

Group Sample number Mean+SD Mean+SD Mean+SD
Control group

Before 30 12.2+3.9 15.6+3.9 35.9+8.8

After 30 12.6+4.4 20.0%5.1° 43.1+10.0°
Mirror group

Before 30 12.0+£3.4 16.8+5.0 38.7£10.0

After 30 10.3+4.0% 26.316.4% 58.0+10.3%
HAMD: Hamilton Depression Scale; EM-UE: Fugl-Meyer Upper Extremity; MBI: Modified Barthel Index; Intra-group analysis with
pre- and post-treatment comparison, * p<0.01; ®* p<0 .001; compared to the control group after treatment, ¢ p<0.05; ¢ p<0.001.
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DISCUSSION

In the present study, we examined the effect of
MT on the treatment of depressive emotions of PSD
patients and on the recovery of PSD patients’ upper
limb function and their ADLs to pave the way for
further studies developing specific effective treatments
for PSD patients. Our study results showed that MT
could effectively improve motor function, ADLs, and
depression in PSD patients.

Post-stroke depression is a psychological disorder
which is frequently observed after stroke. Studies have
shown that the morbidity rate of PSD reaches 33%,
with females (5.9 to 78.3%) being more vulnerable
than males (4.7 to 66.7%).%) The cause of PSD has
not been fully understood, yet. It is believed that
several factors including neurological factors, such
as neural function defects and socio-psychological
factors (e.g., social support and family relations) play
a role in its etiology.

Currently, PSD treatments include antidepressants,
psychological therapy, and transcranial magnetic
stimulation (TMS)."! However, researches have
shown that there is no evidence supporting the PSD
treatment.’®! Paroxetine may be an optimal choice
for PSD medical treatment, although it has low
physiological tolerance and may cause negative side
effects.”” Cognitive-behavioral therapies also help
to improve depressive symptoms, whereas such
improvements have yet to be verified by well-designed,
randomized-controlled trials.?”! Repetitive TMS can
be a beneficial treatment; however, further studies
are needed to establish the stimulation parameters
and locations.” In our study, the use of MT to treat
PSD showed that the mirror group had significantly
lower HAMD-17 scores after the four-week treatment
compared to baseline. This finding indicates that
MT can help to mitigate depression in PSD patients.
This is possibly due to MT-induced activation of the
cortex and other brain regions that are relevant to the
patients’ depressive emotions.!"W Following activation
of the cortex, MT may exert a positive influence on the
patients’ emotions.

Apart from the discussion on the influence of
MT on PSD patients’ depression, we also observed
MT’s influence on PSD patients’ upper limb function
and ADL. The FMA-UE scale was used to evaluate
the patients’ upper limb function. Concerning the
FMA-UE performance, the mirror group showed a
significant improvement after the four-week treatment,
and the improvement was more significant than
that observed in the control group. These findings
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indicate shows that MT is also effective in improving
PSD patients’ upper limb function and the effect
is more prominent than conventional treatment,
consistent with previous studies. In a Cochrane
review including 36 studies, MT was found to more
significantly improve motor function in post-stroke
patients, compared to other treatment modalities."
Although the mechanism of how MT improves motor
function has not been completely understood yet,
it has been proposed that MT prompts the healthy
brain hemisphere to interact with the disordered brain
hemisphere, thereby, activating related brain regions
and promoting the reconstruction of the cortex neural
network, which helps to modify cortex excitability and
promote functional recovery.

Activities of daily living are the most basic and
universal activities which humans must repeat every
day to survive and adapt to the environment. The
ADL scales are used to evaluate patients’ disabilities,
their quality of life, and functional conditions.?? The
MBI is one of the most commonly used and researched
ADL assessment scales. In our study, the mirror
group had significantly higher MBI performance after
the four-week treatment, compared to pre-treatment
performance. Of note, MT was used to train the fine
motor skills of the patients’ elbows, wrists, shoulders,
and fingers in this study. These skills are important for
ADLs, such as eating, dressing, etc. While improving
the upper limb function, MT can also improve the PSD
patients’ ADL skills.

The relatively low sample size is the main limitation
of the present study. Further large-scale, multi-center,
randomized controlled studies are needed to confirm
these findings. In addition, patients having mild
depression only were included in this study and further
researches are warranted to evaluate whether MT can
be helpful in case of moderate or severe depression.
The lack of a long-term follow-up is another limitation,
which requires further investigation to gain a better
understanding of the underlying mechanism of MT in
PSD treatment.

In conclusion, this is the first study to utilize MT in
PSD patients and discuss its influence on the patients’
motor functions, ADLs, and depression. Based on
these results, MT can improve motor function, ADL,
and depression in PSD patients and its effect is more
prominent than that of conventional treatment.
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