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Abstract

Background: Mirror neurons represent a variety of neurons
that fire when the subject executes a motor act or observes
others making the same action. A lot of therapeutic applications
based on the existence of mirror neurons are widely used
today in the field of stroke rehabilitation.

Objectives: To summarize the best evidence of the effec-
tiveness of mirror neuron applications for improving motor
function, activities of daily living, spasticity, pain, visuospatial
neglect, sensation, quality of life and muscle power in the
stroke patients.

Methods: We searched the following electronic databases:
Pubmed (October 2017), Cochrane Library (November 2017)
and PEDro (November 2017). We also checked the reference
lists. We included Randomized Controlled Trials (RCTs) that
compare mirror neuron applications (mirror therapy, motor
imagery/mental practice, action observation therapy or virtual
reality reflection therapy) with conventional physical or
occupational therapy for patients after stroke. Then we selected
the trials that match the inclusion criteria, and we assessed
the methodological quality of studies and extracted data.
Finally, we analyzed the results by pooling the data of change
scores between pre- and post-intervention through calculation
of the overall Standardized Mean Differences (SMDs) with
95% Confidence Interval (CI).

Results: We included 44 studies with a total of 1792
participants. Of the 44 studies, 4 interventions based on mirror
neurons were studied. Firstly, mirror therapy may have a
significant effect on motor function of the upper extremity;
however, effects on motor function are influenced by the
variation of mirror therapy, activities of the unaffected limb
showed greater effect than bilateral activities. We found
limited evidence for improving walking ability. Secondly,
motor imagery/mental practice showed a significant improve-
ment on the motor function specially for the lower extremity
functions. Thirdly, we found limited evidence of action ob-
servation therapy in improving motor function of the upper
extremity, walking ability. Finally, we included only one study
that used virtual reality reflection therapy in stroke rehabili-
tation, so we didn't include it in the pool analysis.

Conclusion: There is an evidence from the included RCTs
on the effectiveness of mirror therapy on improving motor
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function of the upper extremity. Additionally, we found a
significant positive effect of mental practice on motor function
specially the walking ability. And there was a poor evidence
on the effects of action observation on motor recovery in patients
after stroke. However, much more studies should be conducted
to assess the benefits of virtual reality reflection therapy.

Key Words: Action observation — Mental practice — Mirror
therapy — Motor recovery — Stroke — Systematic
review — Virtual reality reflection therapy.

Introduction

STROKE is a neurological deficit attributed to an
acute focal injury of the Central Nervous System
(CNS) by a vascular cause, including cerebral
infarction, intracerebral hemorrhage, and subarach-
noid hemorrhage, and it is presented as paralysis
or weakness of one side of the body, disturbance
of speech, impaired sensations, alterations in muscle
tone and abnormal reflexes [1].

Recovery may be enhanced by intensive phys-
ical therapy aimed at the reorganization of function
in damaged neural networks to minimize motor
deficits and develop new strategies in motor learn-
ing by promoting adaptive plasticity of structure
and function in the undamaged brain toward recov-
ery. In patients with poor motor ability, however,
participation in physical therapy may be limited,
and it may be a challenge to provide relevant input
for experience-dependent neural plasticity for
neurorehabilitation, repair, and recovery [2].

One way to overcome these limitations is sug-
gested by the putative mirror neuron system. Which
are the neurons that fire when an animal acts or
observes the same action of another thus coding
the motor response. By representing observed
actions in the motor cortex, the mirror system may
serve as an alternative means to access the motor
system after CNS injury-despite impairments-to
rebuild voluntary motor function. There are many
applications that are used in the neurorehabilitation
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such as mirror therapy, action observation and
motor imagery [34].

Mirror therapy is based on visual stimulation.
In mirror therapy, amirror is placed in the patient's
sagittal plane, thus reflecting the non-affected side
asif it were the affected side, so that movements
of the non-affected limb give theillusion that the
affected limb ismoving [5].

Motor imagery is considered the mental execu-
tion of a skilled movement without actually per-
forming the movement. While mental practice
training means the therapy task in which an internal
representation of the movement is activated and
the execution of the movement repeatedly mentally
simulated, without physical activity [6].

Action Observation Therapy (AOT) is based
on the observation of action performed by others.
In this technique, participants are typically required
to carefully observe videos showing actions that
then they have to execute [7].

Subjectsand Methods

This review was conducted through electronic
and manual search, from May 2017 to May 2018,
in order to provide valid evidence regarding the
effectiveness of mirror neuron applicationsin the
rehabilitation of stroke, and it followed the follow-
ing steps:

Inclusion criteria for considering studies for
thisreview:

I- Typesof studies. Thisreview included pub-
lished Randomized Controlled Trials (RCTs) with
or without blinding of participants, physiotherapists
and assessors, which compare mirror therapy, action
observation therapy, mental practice or virtual
reality reflection therapy with any other therapy
modality or sham therapy.

I1- Types of participants:
* Adult participants (over 18 years of age) with
aclinical diagnosis of stroke, either ischaemic

or haemorrhagic in origin, acute, sub-acute or
choronic.

* Studies on mixed populations of healthy indi-
viduals or patients with stroke, were included
only if separate data for patients were available.

[11- Types of interventions: Different forms of
mirror neuron applications including mirror therapy,
motor imagery or mental practice, action observa-
tion therapy and virtual reality reflection therapy.

IV- Control/comparator: The comparisons of
interventions were control, placebo or standard

care; and comparisons of different doses, intensities
or timing of delivery of the same intervention.

V- Qutcome: The primary outcome was motor
function. Thus, some outcome measures were
selected dueto its variety and to facilitate quanti-
tative pooling. For the initial analyses of motor
recovery, every outcome measure was analyzed
separately. Then the outcomes were reanalyzed to
test the efficacy of the included intervention vari-
ations, measures were prioritized as follows:

1- Upper limb and hand function: Including meas-
ures that examine active function, dexterity,
object manipulation and reach-to-grasp, grip or
pinch.

* Fugl-Meyer assessment, upper limb or hand
function or both; Action Research Arm Test; Wolf
Motor Function Test; Manual Function Test; Box
and Block Test (for dexterity).

2- Lower limb function: Such as walking ability,
stages of motor recovery, measures of disability
and temporospatial gait characteristics including
the following:

* Fugl-Meyer assessment, lower limb function;
Timed Get up and Go; 10 Meter Walking Test; 6-
Minute Walk Test; Gait analysis (Ve ocity, Cadence,
step length, stride length, single stance, stance
phase, swing phase and step width); functional
ambulation categories.

Exclusion criteria:

The studies were excluded if they were:

* Study designs other than randomized controlled
trials.

* Review articles, survey, case report and case
series.

*» Published abstracts with no full text articles
available.

* Trialsthat investigate one of the included inter-
ventions together with the application of other
intervention.

 Studies with low methodological quality (all
studies with total PEDro scores less than 5).

Search methods for identification of studies:

Electronic database search was donein:

* PubMed (Medline) at http://www.ncbi.nlm.nih.
gov/pubmed.

* CENTRAL at http://www.thecochranelibrary.com .

* Physiotherapy Evidence Database (PEDro) at
http://www.pedro.org.au/.

The following keywords have been used to
search the electronic databases (PubMed, CEN-
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TRAL (Cochrane) and PEDro): Mirror neuron,

mirror therapy, motor imagery, mental practice and
action observation therapy. An additional search
was done using the following keywords: Stroke,
Apoplexy, CVA (Cerebrovascular Accident), cere-
bral stroke, cerebrovascular accident, cerebrovas-
cular accident, acute, cerebrovascular Apoplexy,

cerebrovascular stroke, stroke, acute or vascular
accident, brain. Databases were searched from
May 2017 to May 2018, in addition to searching
the database al so the reference lists of relevant

publications was checked.

Study selection criteria:

Titles and abstracts of recordsidentified by the
electronic searches were assessed by two independ-
ent reviewers (Ahmed Anwar and Maya Galal).
Manual search was done through checking the
reference lists of relevant publications and tracking
the newer studies through “ Scopus’. Obviousir-
relevant trials were excluded. Then, the full text
of the remaining studies was obtained and checked
for eligibility against inclusion and exclusion
criteriain order to exclude the studies that don't
fulfil the inclusion criteria.

Data extraction:

A data collection form was used to extract and
record the key features of each trial including
details of the participants, interventions, outcomes
and results. One reviewer (Ahmed Anwar) extracted
data from the included studies and a second re-
viewer (Maya Galal) cross-checked it.

Methodological quality assessment of the studies:

The methodological quality of the full papers
was assessed by using the risk of bias assessment
tool according to Chapter 8 of the Cochrane Hand-
book for Systematic Reviews of Interventions [g].
And by applying the physical therapy evidence
data base scale (PEDro) which assess the eligibility
criteria, method of randomization and blinding,
concealment of allocation, similarity of participants
in trestment groups at baseline, whether an inten-
tion-to-treat analysis will be performed and the
number of participants lost to follow-up and missing

[ Records identified through database searching (n=515) ]
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values (Appendix I). Consensus was achieved
through discussion, including athird author if
necessary (Prof. Gihan Mousa).

Studies that got 9-10 points on PEDro scale are
considered to be excellent, studies that got 6-8
points on PEDro scale are considered to be good,
studies that got 4-5 points on PEDro scale are
considered to be average and studies that got 0-3
points on PEDro scale are considered to be poor.

Measures of treatment effect:

The primary and secondary outcome variables
of interest were continuous outcomes. Data of
change scores between pre-and post-intervention
measures were evaluated and entered as means
and Standard Deviations (SDs) and the Standardised
Mean Difference (SMD) with 95% Confidence
Intervals (Cls) for each trial was calculated. Data
were pooled through calculation of the overall
SMD and 95% ClI.

Data analysis:

A comparison between the mirror neuronsin-
terventions and conventional therapy or placebo
therapy was made, and a pooled analysis of primary
and secondary outcomes was conducted as de-
scribed above, using a random effects model instead
of afixed-effect mode if heterogeneity of the
studies was high. A subgroup analysis was per-
formed to establish the effectiveness related to the
used outcome measures, mirror therapy variation
and upper or lower extremity.

Results

Results of the search:

515 studies were identified from the search of
PubMed, Cochrane and PEDro databases and ad-
ditional 24 studies from the other sources (screening
the reference lists of all relevant articles). After
excluding all duplicate studies, atotal of 387 studies
have been screened then, 322 studies have been
excluded and the full-text articles of 65 studies
which appear to meet the eligibility criteria have
been assessed. Results of the search are displayed
inFig. ().

[ Additional records identified through other sources (n=24) ]

[ Records after duplicates removed (n=387) ]

Identification

[ Full-text articles assessed for eligibility (n=65)

[ Studiesincluded in qualitative synthesis (n=44) |

(mata-analysis) (n=37)

[ Studies included in qualitative synthesis

)

y Records excluded (n=322) ]
[ Records screened (n=387)
Y

Full-text articles excluded, (n=21)
(n=13, PEDro score less than 5)
(n=4, study isnot an RCT)

(n=1, study didn’t include stroke patients)
(n=1, study did not use motor recovery
as primary outcome)

(n=1, intervention isn't restricted to
mirror neuron applications)

(n=1, unable to access the full text)

Fig. (1): Search resullts.
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Included studies:

44 studies met the inclusion criteria of this
review. Of the 44 studies, 4 interventions-based
on mirror neurons-were studied. (20 studies [9:28]
used mirror therapy, 12 studies [29-40] used mental
practice/motor imagery, 11 studies [41:51] used
action observation and 1 study used virtual reality
reflection therapy).

Table (1): Participants of the included studies.

Mirror Neuron Applications on Motor Recovery in Stroke Patients

Sample size and participants:

The 44 studies included atotal of 1792 partic-
ipants. Individual sample sizes of identified trials
ranged from 13 [37] to 121 [32]. Detailed descrip-
tions of patient characteristics are given in (Table
1). The mean age of participantsin the included
studies was 60 years. There were more male (60%)
than female (40%) participants. Mean time post-
stroke was 12.1 months.

Experimental group

Control group

Sty N Mae Femae Age Duraion N Mae Female Age Duration
Arya (2015) 17 15 2 48 1288 16 10 4212 1225
Bang (2013) 5 9 6 64.1 1410 15 8 7 58.9 12.60
Braun (2010) 18 9 77.9 1.12 18 5 13 77.7 142
Cacchio (2009) 24 13 1 57.9 5.10 24 17 7 58.8 4.90
Cho (2012) 5 9 6 5393 4467 13 8 5 53.85 4554
Colomer (2016) 15 13 2 53.8 1947 16 13 3 53.3 17.33
Cowles (2013) 5 8 7 78.8 0.65 14 9 5 75.6 0.59
Dohle (2008) 24 13 5 54.9 0.87 18 13 5 58 0.93
Ertelt (2007) 8 5 3 5716 4910 8 6 2 55.4 24.16
Franceschini (2012) 53 33 20 67 1.03 49 28 21 65.7 0.97
Fu (2017) 28 1 17 62.04 132 25 U 14 59.76 137
Gurbuz (2016) 16 10 6 60.9 1.54 5 7 8 60.8 141
Harmsen (2014) 18 9 9 57 4600 19 13 6 60 38.00
Hosseini (2012) 15 484 1760 15 47.7 21.00
letswaart (2011) 41 23 18 69.3 2.73 80 47 33 66.5 2.86
In (2016) 13 8 5 5731 1254 12 7 5 5442 1358
Invernizzi (2013) 13 9 4 62 0.73 13 8 5 711 0.80
Ji (2014)a 10 7 3 486 7.30 10 6 4 54.6 6.70
Ji (2014)b 17 9 8 55.2 4.30 17 10 7 54.3 4.30
Kim (2012) 15 64.1 4.60 15 65.5 4.10
Kuk (2016) 10 4 6 60 1530 10 5 5 59.7 14.90
Kumar (2015) 20 16 4 53 6.50 20 14 6 51 5.60
Lee (2012) 13 8 5 58.8 3.50 13 7 6 55.4 3.60
Lin (2014) 14 10 4 5601 1850 15 11 4 53.34  17.80
Liu (2004) 26 1 15 71 0.41 20 U 9 72.7 051
Liu (2009) 17 9 8 70.4 0.41 17 12 5 68.1 0.41
Michielsen (2010) 20 7 13 55.3 5718 20 13 7 58.7 54.75
MirelaCristina (2016) 7 3 4 58.2 1.81 8 4 56.8 174
Motaghey (2015) 12 6 6 54.8 5.25 12 6 6 545 5.25
Oostra (2014) 21 15 6 50.3 4.70 23 14 9 53.7 3.60
Page (2001) 8 6 2 64.37 580 5 4 1 65 7.60
Page (2007) 16 5869 3881 16 60.38 4519
Page (2011)

Park (2014) 1n 8 3 5591 21.09 10 7 3 54.8 25.60
Park (2015) 5 8 7 58.3 7.90 5 7 8 61.7 8.70
PervaneVural (2016) 15 8 7 68.9 450 5 9 6 61.4 5.08
Sale (2014) 33 34

Selles (2014)

Sun (2013) 10 9 1 56.67  3.90 10 9 1 56.11  4.40
Slitbeyaz (2007) 20 10 10 62.7 3.50 20 7 13 64.7 3.90
Thieme (2012) 18 1 7 63.8 159 21 14 7 68.3 171
Tyson (2015) 62 37 25 64 0.89 31 23 8 64 117
Wu (2013) 6 1 5 5477 1931 17 12 5 5359  21.88
Yavuzer (2008) 17 9 8 63.2 5.40 19 10 9 63.3 5.50
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Interventions;

Characteristics of interventions are summarized in (Table 2).

Table (2): Characteristics of interventions of the included studies.
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Study

Extremity Freguency

Method

Control intervention

Type of activities

Mirror therapy:
« Arya (2015)
« Cacchio (2009)

« Colomer (2016)

« Dohle (2008)

« Gurbuz (2016)

* Invernizzi (2013)

« J (2014)a

« Ji (2014)b

« Lee (2012)

« Lin (2014)

« Michielsen (2010)

* Mirela Cristina
(2016)

* Park (2015)
 Pervane Vural
(2016)

« Sdlles (2014)

« Siitbeyaz (2007)

« Thieme (2012)

u.L

u.L

u.L

u.L

u.L

u.L

L.L

L.L

u.L

u.L

u.L

u.L

u.L

u.L

u.L

L.L

u.L

« 5S/W for 8W 90min « Unaffected limb
each. activities.

* 5S/W for 4W 60min « Unaffected limb
each. activities.

« 5S/W; 60min each
(conventional therapy);
3S/W for 8W 45min
each.

« 5S/W for 6W 30min
each.

» Unaffected limb
activities.

« 5S/W for 4W 60-120min ¢ Unaffected limb
each. activities.

« 5S/W for 4W 60min
each; 30:60 extramin for
experimental group.

« 5S/W for 6W 50min

» Unaffected limb
activities.

each.

* 5S/W for 4W 45min « Unaffected limb
each. activities.

« 5S/W for 4W « Bilateral activities.

105:130min each.

« 5S/W for 4W 90min
each.

* 6S/W for 6W 60min
each. Once aweek under
supervision; 5 times at

home.

« 5S/W for 6W 30:60min * Bilateral activities.
each.

« 5S/W for 6W. « Unaffected limb

activities.
* 5S/W for 4W 2:4 hours « Unaffected limb

each. activities.

« 70 practicetrials.
unaffected limb
activities.

* 55W for 4W 2.5:5.5
hours each.

» Unaffected limb
activities.

« 3:55/W for 4W 30min
each.

* Bilateral activities.

* Bilateral activities.

« Bilateral activities.

« Bilateral activities.

« Bilateral activities;

« Bilateral activities.

« Conventional
occupational therapy.

« Conventional therapy;
covered mirror.

« Conventional therapy
and passive
mobilization.

Standard therapy and
bilateral arm training
without mirror.
Conventional therapy; ex
against the non-
reflecting face of the
mirror.

Conventional therapy;
covered mirror.

« PNF; NDT; covering the
mirror.

Conventional therapy;
covered mirror.

Standard rehabilitation
program.

Task-oriented training.

« Bimanual exercises with
adirect view of both
hands.

Conventional therapy.

Ex against the non-
reflecting face of the
mirror.

Conventional therapy.

« Task performance with
affected hand, without
mirror; task performance
with unaffected side,
without mirror; task
performance with both
sides, without mirror.
Conventional therapy; ex
against the non-
reflecting face of the
mirror.

Conventional therapy; ex
against the non-
reflecting face of the
mirror.

* Functional motor tasks.

*« ROM ex for shoulder,
elbow, wrist and
forearm.

*« ROM ex for shoulder,
elbow, wrist and forearm
without objects.

* ROM ex for wrist and
fingers.

*« ROM ex for shoulder,
elbow, wrist and
forearm.

« Dorsiflexion of the foot.

« Hip-knee-ankle flexion,
knee extension with
ankle dorsiflexion, and
knee flexion beyond 90°.

« ROM ex for shoulder,
elbow, wrist and
forearm.

« Gross motor tasks; fine
motor tasks.

» Exercises based on the
Brunnstrom recovery
stage; functional ex.

* ROM ex for shoulder,
elbow, wrigt, fingers and
forearm.

« Functional training.

*« ROM ex for elbow,
wrist, fingers and
forearm.

« Pointing task.

* Ankle dorsiflexion and
plantarflexion.

* |solated movements of
U.L joints; object related
movements.
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« Tyson (2015)

«Wu (2013)

 Yavuzer (2008)

Mental practice/

motor imagery:

* Braun (2010)

« Cho (2012)

« Hosselni (2012)

* letswaart (2011)

* Kumar (2015)

« Liu (2004)

« Liu (2009)

« Oostra (2014)

« Page (2001)

* Page (2007)

« Page (2011)

u.L

u.L

u.L

UL&L.L

L.L

L.L

u.L

L.L

UL&LL

UL&LL

L.L

u.L

u.L

u.L

« 30min/day, for 4W.

* 5S/W for 4W 90min
each.

* 55W for 4W 2.5:5.5
hours each.

* 6W.

* 3S/'W for 6W 30:45min
each.

« 3S/W for 5W 45min
each.

« 3S/W for 4W 45min each
under supervision; 25/W
for 4w 30min each
independent training.

* 4S/W for 3W 45:60min
each.

* 55/W for 3W 60min

each.

« 55/W for 3W 60min
each.

* 5S/W for 6W 3.5 hour
each.

« 3S/W for 6W 70min
each.

« 2S/W for 6W 60min
each.

« 3S/W for 10W 50:90min
each.

* Bilateral activities.

« Bilateral activities.

« Bilateral activities.

*wl: Explaining the
concept, wl,2:
Developing imagery
techniques, w3-6:
Applying mental
practice, wé:
Consolidating.

« Videos of normal gait,
using visua and
kinematic imagery
separately.

« Audio tape (relaxation;
cognitive visual images
of L.L).

*wl: Analyzing task
sequences, w2: Problem
identification through
MI, w3: Practicing.

*wl: Familiarizing with
MP, w2: Focusing on
gait problems, w3,4:
Rehearsing gait
symmetry & velocity;
wh5,6: Gait exercises.

« Audiotape with cognitive
visual images plus using
such atape at home
twice aweek.

 Audiotape.

* Audiotape.

« Conventional therapy
and lower-limb
exercises.
Task-oriented functional
practice.

Conventional program;
the mirror reflecting the
affected arm.

Conventional
rehabilitation; home
practice of difficult
tasks.

« Gait training on the
treadmill.

Conventional
rehabilitation program.

Control group 1:
Attention-placebo
control (watching optical
illusions; visual imagery
of objects); control
group 2: Standard care
without additional
intervention.

 Task specific training
program.

Conventional therapy
(OT and PT), practice to
perform ADL.

Conventional physical
and occupational
therapy, practice to
perform ADL.

« Standard rehabilitation;
muscle relaxation

therapy.

« Conventional therapy
(OT and PT); sham
therapy (audiotape
containing stroke
information).
Conventional therapy;
sham therapy (tape of a
progressive relaxation
program).

Repetitive task specific
training; sham therapy
(tape of astroke
information and
relaxation program).

* ROM ex for elbow, wrist
and fingers; reaching;
functional activities.

¢ Gross motor tasks; fine
motor tasks; intransitive
movements.

« ROM ex for wrist and
fingers.

« Drinking; walking and 2
individually chosen
activities, 1for UL & 1
forL.L.

« Stand up and go,
approaching awall,
turning in without stop
and coming back to the
armchair and siting on
it.
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« Sun (2013) u.L
each.

« 5S/W for 4W 3-3.5 hours * Relaxation; imagining
simple ROM ex of the

« Conventional
rehabilitation.

affected U.L; imagining
complex actions of
ADL; refocus onto the

room.

Action observation:

« Bang (2013) LL . 55w for 4W 40min
each.

« Cowles (2013) UL « 2S/D, for 15 working
days, 30min each.

« Ertelt (2007) UL . 13D, for 18 working
days, 90min each.

e Franceschini (2012) YL« 5w for 4w at least
3h/d of conventional
therapy; two 15-minute
daily sessions of
experimental or control
treatment.

« Fu (2017) UL . 63w for 8w 20min
each.

* Harmsen (2014) UL « Single training session
(30-45 minutes).

« Kim (2012) L.L

* Kuk (2016) UL * 1 assessment session; 5
intervention sessions
4min. each.

« Motaghey (2015) L.L . 125, 45:60min each.

« Park (2014) LL . 35w for 4w 30min
each.

- Sale (2014) UL . 59w for 4w 3.5 hours
each.

Virtual reality

reflection therapy:

«InT (2016) LL . 55w for 4w 60min

each.

« Activities of the
unaffected limb.

« Watching nature video;
treadmill training.

« Conventional physical
therapy.

* Intensive conventional
physical therapy; sham
therapy (watching a
seguences of geometric
symbols and letters).

« Conventional therapy;
sham action (watching
static images of objects).

« Conventional physical
therapy.

* Observation of a
landscapes photographs;
execution of reaching
movements.

« Watching relaxation
program (stretching).

« Watching video clip of
landscapes pictures;
perform the motor task.

« Conventional therapy.

« Conventional therapy;
watching video clip of
landscapes; walking
training.

« Standard rehabilitation;
sham therapy (static
images displaying
objects).

« Conventional therapy;
placebo VRRT program
(don't see the unaffected
L.L, but saw the
affected).

Outcome: Motor function:

For measure of the motor function of the upper
extremity, 17 studies used Fugl-Meyer score of the
upper extremity [9,11-13,17-20,22,25,27,30,34-40,43,44,47]
6 studies used the Action Research Arm Test
[12,14,19,25,26,32,37-39,41] 4 studies used the Wolf
Motor Function Test [10,11,42,44] 2 studies used the
Manual Function Test [17,21] and 5 studies used
Box and Block Test [18,26,43,46,47] . To analysis the

motor function of the lower extremity, (walking
ability) studies used Gait analysis [15,16] , Functional
Ambulation Categories [24], 10-meter walking test
[29,30,33,36] and Timed Get up and Go [30,31] .

Risk of biasin included studies:

All details about the methodological quality of
the included studies using the risk of bias assess-
ment tool [8] and the PEDro Scale are provided in
Fig. (2) and (Table 3).
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Fig. (2): Risk of bias summary.
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Table (3): PEDro scale.

9-10 points excellent 6-8 points good
4-5 points average 0-3 points poor

. To- Classi-
Article 1 234567 89 101 tal fication
Arya (2015) Yes1 11001211 1 1 8 Good
Bang (2013) Yes 111001 10 1 1 7 Good
Braun (2010) Yes 11100101 !t 1 7 Good
Cacchio (2009) Yes 10 100111 1 1 7 Good
Cho (2012) Yes 10 10 01 10 1 1 6 Good
Colomer (2016) Yes 11100111 1 1 8 Good
Cowles (2013) Yes 111001 10 1 1 7 Good
Dohle (2008) Yes 111001001 1 6 Good
Ertelt (2007) Yes 10 10 00 10 1 1 5 Average
Franceschini (2012) Yes 11 10 01 00 1 1 6 Good
Fu (2017) Yes 10 10 00 10 1 1 5 Average
Gurbuz (2016) Yes 10 10 01 00 1 1 5 Average
Harmsen (2014) Yes 11100010 1 1 6 Good
Hosseini (2012) Yes 101001 11 1 1 7 Good
letswaart (2011) Yes 10 100111 1 1 7 Good
In (2016) Yes 10 10 01 00 1 1 5 Average
Invernizzi (2013) Yes 10 10 00 10 1 1 5 Average
Ji (2014)a No 10 10 00 10 1 1 5 Average
Ji (2014)b No 111001 10 1 1 7 Good
Kim (2012) Yes 11 100000 1 1 5 Average
Kuk (2016) Yes 10 10 00 10 1 1 5 Average
Kumar (2015) Yes 111001 10 1 1 7 Good
Lee (2012) Yes 10 10 00 10 1 1 5 Average
Lin (2014) Yes 111001 10 1 1 7 Good
Liu (2004) No 111001 10 1 1 7 Good
Liu (2009) Yes 101001 11 1 1 7 Good
Michielsen(2010) Yes 11 1001 11 1 1 8 Good
MirelaCristina(2016) No 10 10 00 10 1 1 5 Average
Motaghey (2015) Yes 101001 11 1 1 7 Good
Oostra (2014) Yes 10 100111 1 1 7 Good
Page (2001) Yes 10 10 01 10 0 1 5 Average
Page (2007) Yes 10 10 01 00 1 1 5 Average
Page (2011) Yes 111001 10 1 1 7 Good
Park (2014) Yes 111001 10 1 1 7 Good
Park (2015) Yes 10 10 00 10 1 1 5 Average
Pervane Vural (2016) Yes 10 10 01 10 1 1 6 Good
Sdle (2014) No 110001111 1 7 Good
Selles (2014) Yes 11100010 1 1 6 Good
Sun (2013) No 10 1001 10 1 1 6 Good
Sutbeyaz (2007) Yes 11100110 1 1 7 Good
Thieme (2012) Yes 11100111 1 1 8 Good
Tyson (2015) Yes1 11001211 1 1 8 Good
Wu (2013) No 11100100 ! | 6 Good
Y avuzer (2008) Yes 111001 10 1 1 7 Good

Effects of interventions:

Comparison 1: Mirror therapy versus conven-
tional therapy:

We included 15 studiesin a pooled analysis on
upper extremity motor function [9-14,17-22,25-28]
we performed analysis of change scores between
pre-and post-assessment. The 15 studies were
divided into 5 subgroups according to the used
assessment scale.

1- Fugl-Meyer assessment: Mirror therapy has a
significant effect on Fugl-Meyer assessment
scale in patients after stroke compared with
conventional therapy (SMD 0.25; 95% CI 0.03
to 0.46; p=0.02; 12=0%, random-effects model).

2- Action Research Armtest: We found no signif-
icant effect on Action Research Arm test in
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patients after stroke for mirror therapy compared
with conventional therapy (SMD 0.11; 95% CI
—0.15 to 0.37; p=0.42; 12=0%, random-effects
model).

3- Wolf Motor Function Test: Mirror therapy don't
have a significant effect on Wolf Motor Function
Test in patients after stroke compared with
conventional therapy (SMD 0.94; 95% CI —1.07
to 2.95; p=0.36; 12=94%, random-effects model).
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4- Manual Function Test: Mirror therapy has a

significant effect on Manual Function Test in
patients after stroke compared with conventional
therapy (SMD 0.58; 95% CI1 0.04 to 1.11; p=
0.04; 12=0%, random-effects model).

5- Box and Block Test: Mirror therapy don't have

a significant effect on Box and Block Test in
patients after stroke compared with conventional
therapy (SMD 0.11; 95% CI —0.27 to 0.48; p=
0.58; 12=0%, random-effects model).

Experimental Control
Stad + cuboroun

Std. Mean Difference Std. Mean Difference

DtHay-oF-sHogroup

Mean SD Total Mean SD Total Weight IV, Random, 95% CI

IV, Random, 95% CI

1.1.1 Fugi-Meyer Assessment

Arya (2015) 107 1552 17 475 1066 16 9.6% 0.43 [-0.26, 1.13]
Colomer (2016) 0.1 222 15 05 2.13 16 92% -0.18 [-0.89, 0.53]
Dohie (2008) 953 217 18 836 231 18 10.4% 0.51 [-0.15, 1.18]
Gurbuz (2016) 143 1975 16 49 194 15 9.0% 0.47 [-0.25, 1.18]
Lee (2012) 172 1212 13 76 1504 13 73% 0.68 [-0.11, 1.48]
Lin (2014) 565 1874 14 333 20.02 14 84% 0.12 [-0.63, 0.86]
Michlelsen (2010) 3.8 2739 20 02 28.16 20 12.0% 0.13 [-0.49, 0.75]
Mirela Cristina (2016) 124 1465 7 8.7 11.69 8 4.4% 0.27 [-0.76, 1.29]
Pervane Vural (2016) 575 6.09 15 05 6.831 15 83% 0.79 [0.04, 1.54]
Thleme (2012) 3.2 3.8 18 52 8.7 21 11.5%  —0.28[-0.92, 0.35]
Wu (2013) 531 1646 16 347 1977 17 99% 0.10 [-0.58, 0.76]
Subtotal (95% CI) 169 173 100.0%  0.25[0.03, 0.46]

Heterogenelty: Tau =0.00; Chi =8.97, df=10 (p=0.54); 1 =0%

Test for overal effect Z=2.27 (p=0.02)

1.1.2 Action Research Arm test
Dohie (2008) 4.1 1266 18 3.1 848 18  16.3% 0.09 [-0.56, 0.74]
Invernizzi (2013) 31.74 345 13 12.67 39.19 12 10.9% 0.50 [-0.30, 1.30]
Michieisen (2010) 1.7 3225 20 0.6 3294 20 18.1% 0.04 [-0.58, 0.66]
Thieme (2012) 34 71 18 11 3.1 21 17.2% 0.42 [-0.21, 1.06]
Tyson (2015) 6.9 139 62 83 121 31 375%  —0.10[-0.54, 0.33]
Subtotal (95% CI) 131 102 100.0%  0.11 [-0.15,0.37]

Heterogenelty: Tau =0.00; Chi =2.85, df=4 (p=0.58);1 =0%

Test for overal effect Z=0.81 (p=0.42)

1.1.3 Wolf Motor Function Test
Cacchio (2009) 1.5 0.9 24 02 038 24 50.0% 1.96 [1.27, 2.66]
Colomer (2016) 14 338 15 17 338 16  50.0% —0.09[-0.78, 0.62]
Subtotal (95% CI) 39 40  100.0%  0.94 [-1.07, 2.95]

Heterogenelty: Tau =1.97; Chi =16.39, df=1 (»=0.0001); 1" =94%

Test for overal effect Z=0.92 (p=0.36)

1.1.4 Manual Function Test
Lee (2012) 8.1 6.9 13 26 948 13 459%  0.64 [-0.15, 1.43]
Park (2015) 23.8 2743 15 106 21.53 15 54.1%  0.52[-0.21, 1.25]
Subtotal (95% CI) 28 28 100.0% 0.58[0.04,1.11]

Heterogenelty: Tau =0.00; Chi- =0.05, df=1 (p=0.82); I =0%

Test for overal effect Z=2.11 (p=0.04)

1.1.5 Box and Block Test
Lin (2014) 0.5 2947 13 42 2841 13 24.0% —0.12[-0.89, 0.65]
Tyson (2015) 8.2 127 62 6 1.1 31 76.0% 0.18 [-0.25, 0.61]
Subtotal (95% CI) 75 44 100.0%  0.11 [-0.27, 0.48]

Heterogenelty: Tau =0.00; Chi =0.45, df=1 (p=0.50); I =0%
Test for overal effect Z=0.55 (p=0.58)

Test for subgroup differences: Chi =3.27, df=4 (p=0.51) 12=0%

-4 -2 0 2 4
Favours Favours
[control] [experimental]

Fig. (3): Effect of mirror therapy on motor function of the upper extremity.
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Motor function of the upper extremity (accord-
ing to mirror therapy variation):

In this analysis we classified the 15 studiesinto
2 subgroups according to the used mirror therapy
variation, either using mirror therapy with activities
of the unaffected limb only or using bilateral
actives. We performed analysis of change scores
between pre-and post-assessment.

1- Activities of the unaffected limb:  Mirror therapy
with activity of the unaffected limb has asig-
nificant effect on motor function of the upper
extremity in patients after stroke compared with
conventional therapy (SMD 0.64; 95% CI 0.15
to 1.14; p=0.01; 12=70%, random-effects model).

2- Bilateral activities: We found no significant
effect on motor function of the upper extremity
in patients after stroke for mirror therapy with
bilateral activities compared with conventional
therapy (SMD 0.10; 95% CI -0. 13t0 0.33; p=
0.38; 12=0%, random-effects model). The overall

Experimental
Study or subgroup

Mean SD Tota Mean SD Tota Weight IV, Random, 95% ClI

1.2.1 Activities of the unaffected limb

Control

Mirror Neuron Applications on Motor Recovery in Stroke Patients

effect of the mirror therapy has shown a signif-
icant difference on the motor function of the
upper extremity in patients after stroke compared
with conventional therapy (SMD 0.38; 95% CI
0.09 to 0.66; p=0.002; 12=60%, random-effects
model).

Walking ability:

Weincluded 3 studiesin a pooled analysis on
walking ability [15,16,24] . We performed analysis
of change scores between pre-and post-assessment.
We identified 9 different outcomes used in the
comparison of walking ability, Velocity, cadence,
step length, stride length, single stance, stance
phase, swing phase, step width and Functional
Ambulation Categories (FAC) mirror therapy don't
show a significant effect on eny of them. The
overall effect of mirror therapy on motor function
of the lower extremity for patients after stroke
compared with conventional therapy just reached
significance (SMD 0.20; 95% CI 0.00 to 0.41; p=
0.05, 12=0%, fixed-effects model).

Std. Mean Difference Std. Mean Difference

1V, Random, 95% ClI

Arya (2015) 107 1552 17 475 10.66 16 6.8% 0.43 [-0.26, 1.13]
Cacchio (2009) 15 09 24 02 08 24 67% 1.96 [1.27, 2.66]
Colomer (2016) 01 222 15 05 213 16 67% -0.18 [-0.89,0.53]
Gurbuz (2016) 143 1975 16 49 194 15 6.6% 0.47 [-0.25, 1.18]
Invernizzi (2013) 3174345 13 12673919 12 6.0% 0.50 [-0.30, 1.30]
Park (2015) 238 2743 15 106 2153 15 6.5% 0.52 [-0.21, 1.25]
Pervane Vural (2016) 575 609 15 05 6.831 15 63% 0.79 [0.04, 1.54]
Subtotal (95% Cl) 115 113 455%  0.64 [0.15, 1.14]

Heterogenelty: Tau2=0.32; Chi2=19.89, df=6 (p=0.003); 12=70%

Test for overal effect Z=2.53 (p=0.01)

1.2.2 Bilateral activities
Dohie (2008) 953 217 18 836 231 18 7.0% 051 [-0.15, 1.18]
Lee (2012) 172 1212 13 76 1504 13 6.0% 0.68 [-0.11, 1.48]
Lin (2014) 565 1874 14 333 2002 14 6.4% 0.12 [-0.63, 0.86]
Michielsen (2010) 38 2739 20 02 2816 20 7.4% 0.13 [-0.49, 0.75]
Mirela Cristina (2016) 124 1465 7 87 1169 8  46% 0.27 [-0.76, 1.29]
Thieme (2012) 32 38 18 52 87 21 73% -0.28[-0.920.35]
Tyson (2015) 69 139 62 83 121 31 90% -0.10[-0.54,0.33]
Wu (2013) 531 1646 16 347 1977 17 6.8% 0.10 [-0.58, 0.78]
Subtotal (95% CI) 168 142 545%  0.10 [-0.13,0.33]

Heterogenelty: Tau2=0.00; Chi2=5.90, df=7 (p=0.55); 12=0%

Test for overal effect Z=0.88 (p=0.38)

Total (95% Cl) 283

255 100.0% 0.38 [0.09, 0.66]

Heterogenelty: Tau2=0.18; Chi2=34.84, df=14 (p=0.002); 12=60%
Test for overal effect Z=2.61 (p=0.009)
Test for subgroup differnces: Chi 2=3.75, df=1 (p=0.05), 12=73.3%

—4 -2 0 2 4
Favours Favours
[control] [experimental]

Fig. (4): Effect of mirror therapy variations on motor Function of the upper extremity.
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Std. Mean Difference

1V, Random, 95% ClI

Experimental Control Std. Mean Difference
Stchs Aar ciilhesr o i
v T Mean SD Totd Mean SD Totd Weight IV, Random,95% Cl
1.3.1 Velootly
J (2014)a 152 1344 10 68 1033 10 51%  0.67 [-0.24, 1.58]
J (2014)b 168 3434 16 96 3434 15 85% 0.20[-0.50,0.91]
Subtotal (95% CI) 28 26 188% 0.38 [-0.18, 0.84]
Heterogenelty: Chi =0.63, df=1 (p=0.43); | =0%
Test for overal effect Z=1.34 (p=0.18)
1.3.2 Cadence
J (2014)a 75 1769 10 58 1973 10 55%  0.09 [-0.79, 0.95]
J (2014)b 65 326 16 38 3099 15 85%  0.09[-0.62 0.79
Subtotal (95% ClI) 28 26 140% 0.08 [-0.48, 0.84]
Heterogenelty: Chi “=0.00, df=1 (p=1.00); | =0%
Test for overal effect Z=0.31 (p=0.75)
1.3.3 Step length
J (2014)a 55 5% 10 32 735 10 54%  0.33[-0.55,1.21]
J (2014)b 84 1307 16 47 1215 15 84%  0.29[-0.42,0.99]
Subtotal (95% ClI) 28 26 138% 0.30[-0.25, 0.89]
Heterogenelty: Chi - =0.01, df=1 (p=0.94): | =0%
Test for overal effect Z=1.07 (p=0.28)
1.3.4 Stride length
J (2014)a 121 1372 10 99 126 10 55%  0.16 [-0.72, 1.04]
J (2014)b 173 36 16 11 2992 15 85% 018 [-0.52 0.99]
Subtotal (95% CI) 28 26 138% 0.18 [-0.38, 0.73]
Heterogenelty: Chi - =0.00, df=1 (p=0.97); I =0%
Test for overal effect Z=0.62 (p=0.83)
1.3.5 Single stanoe
J (2014)b 10.7 1085 16 63 11 15 83%  0.39[-0.32 1.10]
Subtotal (95% ClI) 18 16  83%  0.38[-0.32 1.10]
Heterogenelty: Not applicable
Test for overal effect Z=1.08 (p=0.28)
1.3.6 Stanoe phase
J (2014)b 5 8.86 16 4 9.18 15 85%  0.11[-0.60, 0.81]
Subtotal (95% ClI) 16 15 85%  0.11[-0.60, 0.81]
Heterogenelty: Not applicable
Test for overal effect Z=0.30 (p=0.76)
1.3.7 Swing phase
J (2014)b 6 9.81 6 38 947 15 84 0.22[-0.485, 0.93]
Subtotal (95% CI) 16 16 84%  0.22[-0.485, 0.93]
Heterogenelty: Not applicable
Test for overal effect Z=0.62 (p=0.54)
1.3.8 Stap width
J (2014)b 68 7.04 16 57 782 15 85%  0.14 [-0.56, 0.85]
Subtotal (95% CI) 16 16 86%  0.14 [-0.56, 0.85]
Heterogenelty: Not applicable
Test for overal effect Z=0.40 (p=0.69)
1.3.9 Functional Ambulation Categories
Sutbeyaz (2007) 09 105 20 09 136 20 11.0% 0.00 [-0.62, 0.62]
Subtotal (95% CI) 20 20 11.0% 0.00 [-0.62, 0.62]

Heterogenelty: Not applicable
Test for overal effect Z=0.00 (p=1.00)

Fig. (5): Effect of mirror therapy on motor function of the lower extremity.
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Comparison 2: Motor imagery/mental practice
versus conventional therapy:

Motor function of the upper extremity:

We included 9 studies with a total of 354 par-
ticipants in the meta-analysis [29-33,35-37,40]. All
the 9 studies provided data on motor function. We
performed a subgroup analysis for those studies
examining mental practice for the upper extremity
and lower extremity.

1- Mental practice for the upper extremity: We
didn't find a significant effect of mental practice
on motor function of the upper extremity for
patients after stroke compared to conventional

Mirror Neuron Applications on Motor Recovery in Stroke Patients

therapy (SMD 0.61; 95% CI 0.11 to 1.33; p=
0.1; 12=77%, random-effects model).

2- Mental practice for the lower extremity: We
found a significant effect of mental practice on
motor function of the lower extremity for pa-
tients after stroke compared to conventional
therapy (SMD 0.58; 95% CI 0.06 to 1.10; p=
0.03; 12=60%, random-effects model). The over-
all effect of the motor imagery and mental prac-
tice has shown a significant difference on the
motor function in patients after stroke compared
with conventional therapy (SMD 0.58; 95% CI
0.17 to 0.99; p=0.006; 12=0%, random-effects
model).

E i tal trol td. Mean Difft :
Study-or stbgrop xperimenta’ Contro S ean Difference Std. Mean lefezence
Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

2.2.1 Upper Extremity

Letswaart (2011) 5.87 38.03 39 6.64 3852 31 12.9% —0.02 [-0.49, 0.45]

Liu (2009) 2.5 2.4 17 3.1 52 17 11.0% —-0.14 [-0.82, 0.53]

Page (2001) 13.9 19.6 8 3 24.68 5 7.1% 0.47 [-0.67, 1.61]

Page (2007) 6.72 3.68 16 l 3.68 16 9.8% 1.52[0.72, 2.31]

Sun (2013) 1733 7.71 9 544  7.04 9 7.5% 1.5310.45, 2.62]

Subtotal (95% CI) 89 78 48.3% 0.61 [-0.11, 1.33]
Heterogenelty: Tau =0.49; Chi =17.23, df=4 (p=0.002); 1 =77%
Test for overal effect Z=1.66 (p=0.10)
2.2.2 Lower extremity

Braun (2010) 5.42 15.63 12 517 14 13 9.9% 0.02 [-0.77, 0.80]

Cho (2012) 6.5 2.41 15 0.2 4.9 13 9.2% 1.62 [0.75, 2.50]

Hosseini (2012) 6.7 421 15 2.5 4.95 15 10.2% 0.89 [0.13, 1.64]

Kumar (2015) 0.14  0.15 20 0.08 0.16 20 11.4% 0.38 [-0.25, 1.01]

Liu (2009) 3.8 7.1 17 2.8 44 17 11.0% 0.17 [-0.51, 0.84]

Subtotal (95% CI) 79 78 51.7% 0.58 [0.06, 1.10]
Heterogenelty: Tau =0.21; Chi =9.88, df=4 (p=0.04); I =60%
Test for overal effect Z=2.19 (p=0.03)
Total (95% CI) 168 156 100.0%  0.58[0.17,0.99]

Heterogenelty: Tau =0.29; Chi =27.63, df=9 (p=0.001); 1 =67%
Test for overal effect Z=2.76 (p=0.006)
Test for subgroup differnces: Chi =0.00, df=1 (p=0.95), 12=0%

-4 -2 0 2 4

Favours
[control]

Favours
[experimental]

Fig. (6): Effect of motor imagery/mental practice on motor function.

Comparison 3: Action observation versus con-
ventional therapy:

Motor function of the upper extremity:

We included 5 studies with a total of 114 par-
ticipants in the experimental group and 106 partic-
ipants in the control group. These studies examined
the effect of action observation on upper extremity
motor function. 2 of them used Fugl-Meyer As-
sessment [43,44], 2 studies used Wolf Motor Func-
tion Test [42,44], 2 studies used Box and Block Test
[43,46] and only 1 study used Action Research Arm
test [41]. We found no significant effect on upper
extremity motor functions in patients after stroke

for action observation compared with conventional
therapy, Fugl-Meyer Assessment: (SMD 0.13; 95%
CI-0.20, 0.45; p=0.46; 12=0%, fixed-effects mod-
el), Wolf Motor Function Test: (SMD 0.18; 95%
CI10.29 to 0.66; p=0.45; 12=0%, fixed-effects
model), Box and Block Test: (SMD 0.21; 95% CI
—0.17 to 0.59; p=0.27; 12=0%, fixed-effects model)
and finally Action Research Arm test: (SMD 0.26;
95% CI-0.59 to 1.12; p=0.55).

Walking ability:

We included 4 studies with a total of 53 partic-
ipants in the experimental group and 52 participants
in the control group [48,49,51] . These studies exam-
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ined the effect of action observation on walking
ability using 10-meter walking test, timed get up
and go, step length, stride length, single support
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time, double support time, velocity and cadence.
We found no significant effect rather on walking
ability nor on any used assessment test.

Study-or subgroup Experimental Control Std. Mean Difference Std. Mean Difference
otaGy O Suogioy] 0,
Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Fugl-Meyer assessment
Franceschini (2012) 16.7 59.45 48 129 549 42 63.1% 0.07 [-0.35, 0.48]
Fu (2017) 10.86 22.59 28 548 2423 25 36.9% 0.23 [-0.31, 0.77]
Subtotal (95% CI) 76 67 100.0%  0.13 [-0.20, 0.45]
Heterogenelty: Chi2:0.21, df=1 (p=0.64); 12:0%
Test for overal effect Z=0.75 (p=0.46)
3.1.2 Wolf motor function test
Ertelt (2007) 155 3304 8 2.1 4472 38 22.8% 0.42 [-0.57, 1.42]
Fu (2017) 8.64 2182 28 624 1928 25 77.2% 0.11 [-0.43, 0.65]
Subtotal (95% CI) 36 33 100.0%  0.18 [-0.29,0.66]
Heterogenelty: Chi220.29, df=1 (»=0.59); 12:0%
Test for overal effect Z=0.76 (p=0.45)
3.1.3 Box and block Test
Franceschini (2012) 1.5 293 48 62 244 42 81.9% 0.19 [-0.22, 0.61]
Kuk (2016) 3.9 1126 10 04 1249 10 18.1% 0.28 [-0.60, 1.16]
Subtotal (95% CI) 58 52 100.0% 021 [-0.17,0.59]
Heterogenelty: Chi220.03, df=1 (p=0.86); 12:0%
Test for overal effect Z=1.09 (p=0.27)
3.1.4 Action research arm test
Cowles (2013) 1411 12.08 9 11 1093 13 100.0%  0.26 [-0.59, 1.12]
Subtotal (95% CI) 9 13 100.0%  0.26 [-0.59, 1.12]

4 2 0 2 4

Heterogenelty: Not applicable
Test for overal effect Z=0.60 (p=0.55)

Favours
[experimental]

Favours
[control]

p) p)
Test for subgroup differnces: Chi =0.16, df=3 »=0.98),1 =0%

Fig. (7): Effect of action observation on motor function of upper extremity.

Discussion

Overall completeness and applicability of evi-
dence:

This review was able to answer the research
questions, about the effect of mirror neuron appli-
cations on motor function in post stroke patients.
For some outcomes, the number of studies and
participants was low, so it was hard to draw a final
conclusion. For example, there was only one in-
cluded trial [52] that investigated the effectiveness
of VRRT on motor function of patients after stroke.
only 3 trials [15,16,24] specifically measured the
effectiveness of mirror therapy on walking ability
in stroke patients. Which downgraded the overall
quality of evidence due to small sample sizes and
the large heterogeneity between the measured
outcomes. It is important that future research, of
high methodological quality, is powered and de-
signed to study the effects mirror therapy and
action observation on walking ability.

Applicability of evidence:

The aim of this review was to synthesize best
evidence on using mirror neuron applications on
stroke rehabilitation, thus supporting clinicians
and policy makers in clinical decision making for
rehabilitation. Before any evidence is applied, it
is recommended that clinicians and policy makers
consider carefully the details of the trials synthe-
sized within that review, specifically reflecting on
the relevance of the participant population, trial
setting, interventions delivered and outcomes as-
sessed in relation to the clinical decision to be
made.

Dose of interventions is a critical issue when
assessing the potential applicability of evidence.
It is likely to impact effect size, and it is likely
that a specific minimum dose will be required to
result in a change in outcomes. The necessary dose
has not been established, and it is very difficult to
be certain that the dose of intervention delivered
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within RCTswas sufficiently high. Consequently,
evidence of 'no benefit or harm' may be a product

Mirror Neuron Applications on Motor Recovery in Stroke Patients

of insufficient dose rather than of an ineffective
intervention.

N Experimental Control Std. Mean Difference Std. Mean Difference
T Mean SD Totd Mean SD Totd Weight IV, Random, 95% Cl IV, Random, 95% Cl
3.2.1 Timed up and go test
Bang (2013) 457 353 15 235 305 15 54.3% 0.65 [-0.08, 1.39]
Motagrey (2015) 34 7.1 12 157 745 12 457% 0.23 [-0.57, 1.03]
Subtotal (95% ClI) 27 27  100.0%  0.48 [-0.08, 1.00]
Heterogenelty: Tau" =0.00; Chi“=0.58, df=1 (p=0.45); I =0%
Test for overal effect Z=1.66 (p=0.10)
3.2.210-3walk test
Bang (2013) 063 064 15 015 056 15 58.6% 0.32 [-0.40, 1.04]
Park (2014) 914 4504 11 45 47.1 10 414% 0.10 [-0.76, 0.95]
Subtotal (95% ClI) 26 25 100.0%  0.23 [-0.32,0.78]
Heterogenelty: Tau =0.00; Chi =0.16, df=1 (p=0.69); | =0%
Test for overal effect Z=0.81 (p=0.42)
3.2.3 6-minute walk test
Bang (2013) 896 3984 15 3281 5319 15 50.4% 1.18[0.39, 1.95]
Motagrey (2015) 2245 3648 12 1495 4142 12 49.6% 0.19 [-0.62, 0.99]
Subtotal (95% ClI) 27 27  100.0%  0.88 [-0.29, 1.68]
Heterogenelty: Tau =0.33; Chi =3.00, df=1 (p=0.08); | =67%
Test for overal effect Z=1.38 (p=0.17)
3.2.4 Step length
Kim (2012) 703 1969 15 008 1968 15 100.0%  0.34 [-0.38, 1.07]
Subtotal (95% CI) 15 15 100.0%  0.34 [-0.38, 1.07]
Heterogenelty: Not applicable
Test for overal effect Z=0.93 (p=0.35)
3.2.5 Stride length
Kim (2012) 1409 1879 15 133 2819 15 1000% 0.52[-0.21, 1.25]
Subtotal (95% ClI) 15 15 100.0%  0.52 [-0.21, 1.25]
Heterogenelty: Not applicable
Test for overal effect Z=1.39 (p=0.16)
3.2.6 Single support time
Kim (2012) 687 1148 15 08 1915 15 100.0%  0.37 [-0.35, 1.10]
Subtotal (95% CI) 15 15 100.0%  0.37 [-0.35, 1.10]
Heterogenelty: Not applicable
Test for overal effect Z=1.01 (p=0.31)
3.2.7 Double support time
Kim (2012) 957 1538 15 39 1507 15 100.0%  0.36 [-0.36, 1.06]
Subtotal (95% ClI) 15 15 100.0%  0.36 [-0.36, 1.06]
Heterogenelty: Not applicable
Test for overal effect Z=0.98 (p=0.33)
3.2.8 Veloothy
Kim (2012) 0.2 0.35 15 005 037 15 100.0% 041 [-0.32,1.13]
Subtotal (95% ClI) 15 15 100.0%  0.41 [-0.32, 1.13]
Heterogenelty: Not applicable
Test for overal effect Z=1.10 (p=0.27)
3.2.9 Cadanoe
Kim (2012) 1687 2566 15 922 3102 15 100.0%  0.25 [-0.46, 0.98]
Subtotal (95% CI) 15 15 100.0%  0.25 [-0.46, 0.98]

Het elty: Not applicabl - o2 0 2 4
erogenelty: Not applicable

Favours Favours
Test for overal effect Z=0.70 (p=0.48) [control]  [experimental]

2
Test for subgroup differences: Chi 2:1.01, df=8 (p=1.00), | =0%

Fig. (8): Effect of action observation on motor function of lower extremity.
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Quality of the evidence:

Thisreview used several methodological do-
mains (adequate sequence generation, adequate
concealment of allocation, adequate ITT analysis
and blinding of assessors) to assess the risk of bias
in the included studies. 6 studies were assessed as
having unclear sequence generation and 21 studies
were assessed as using no or unclear concealed
allocation of participantsto study groups, 22 studies
with no or unclear use of an adequate ITT analysis,
11 studies with no or unclear use blinded assessors.
And 6 studies only that have alow risk of reporting
bias.

Additionally, the PEDro scale was used for
evaluating the methodological quality of the studies.
The median of the PEDro scale total scores was
seven points, indicating overall a high quality of
studies. However, 2 1 studies were classified to
have a PEDro score lower than seven points. Over-
all limitations of the included studies were small
sample sizes of most studies, very limited inclusion
of control groups that used other effective inter-
ventions for the upper or lower extremity in most
studies and differences in therapy delivery between
the studies (i.e. amount and frequency of the treat-
ment period).

Potential biases in the review process:

Through an extensive searching process, it is
unlikely that any relevant trials have been missed.
However, thereis a possibility of additional (pub-
lished or unpublished) studies that haven't been
identified. The selection process, independent data
extraction, and assessment of the risk of bias per-
formed by the review authors did minimize errors
and biasin data extraction.

There was heterogeneity between studiesin
trial design (duration of follow-up and selection
criteriafor patients), characteristics of patients
(i.e. severity of motor impairment and time since
stroke onset) and characteristics of interventions
(i.e. total amount of time of therapy). Furthermore,
there were methodol ogical limitations of studies.

Agreements and disagreements with other stud-
iesor reviews:

Thisisthefirst timeto report the effectiveness
of mirror neuron applications collectively in one
review. However, there were many reviews that
investigated some interventions separately. For
example, Rothgangel et al., 2011 and Thieme et
al., 20 13 measured the effectiveness of mirror
therapy on motor function after stroke, Kho et al .,
2008 and Zimmermann-Schl atter et al., 2008 tested
the efficacy of motor imagery in post-stroke reha-
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bilitation. And Sarasso et al., 2015 investigated
the efficacy of Action observation in the rehabili-
tation.

Rothgangel et al., 2011, Sarasso et al., 2015
and Zimmermann-Schlatter et al., 2008 didn't use
apooled analysis of identified studies. Rothgangel
et al., 2011 included 21 studies consisted of 6
RCTs. All six RCTsinvestigating the effects of
MT as an additional therapy involving stroke pa-
tients showed similar resultsin a positive direction
for arm function.

Thieme et al., 2013 included 14 studies 12 of
the were RCTs. It suggested that mirror therapy
may improve motor function. Kho et al., 2008
included 6 studies 5 of them were RCTs. Under
the qualitative analysis, 5 out of the 6 studies
showed positive results in using mental imagery
to promote motor recovery of the hemiplegic upper
extremity function for people with stroke. The
results of quantitative analysis showed statistically
non-significant effect in FMAUE and significant
effect in ARAT. Zimmermann-Schlatter et al., 2008
identified 4 RCTs. 3 studies showed a positive
effects of motor imagery interventions on the ARAT
and the FM SA and one study stated significant
effects on task-related out comes, but not on the
ARAT and the FMSA.

Sarasso et al., 2015 analyzed the efficacy of
AQOT for recovery of motor functions, regardiess
the kind of disease. It included 20 RCTs. 13 of
them was investigating patients after stroke. Four
studies showed AOT efficacy in improving upper
limb functional recovery in participants with chron-
ic stroke, two studies in sub-acute ones and onein
acute ones. Six articles suggested its effectiveness
on walking performance in chronic stroke individ-
uals, and three of them also suggested an efficacy
in improving balance.

Authors' conclusions:

The results of this review indicate that thereis
moderate evidence for the effectiveness of mirror
therapy in improving motor function of upper
extremity for people after stroke. It is possible to
train by moving the unaffected arm, or both arms,
whilelooking in the mirror but activities of the
unaffected limb showed greater effect than bilateral
activities. No clear implication could be drawn for
walking ability, since the positive results just
reached statistical significance.

Motor imagery and mental practice showed a
moderate evidence for improvement on the motor
function specialy for the lower extremity functions.
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Furthermore, significant effects of action observa-
tion therapy were present in heterogeneous studies
that contains effect size of no difference or mini-
mum important difference. In general, mirror neu-
ron applications could be applied as an additional
intervention in the rehabilitation of people after
stroke for improving motor function, but no clear
conclusion could be drawn if mirror neuron appli-
cations replaced other interventions.

The existing studies suggest an effect of most
of mirror neuron applications after stroke, but they
suffer from methodological problems such as small
sample sizes and lack of proper reporting. There
isthus an urgent need for well-designed and prop-
erly-reported multicenter RCTswith large sample
Sizesin order to provide a high level of evidence.
Specifically, these studies should not deliver mirror
neuron applications as an adjunct, but should com-
pareit to other routinely-applied therapies. Further
research should also address specific questions
about the optimal dose, frequency, and duration of
the interventions.
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