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ABSTRACT

Background: Mirror therapy (MT) and task-oriented training therapy (TOT) are rehabilitation methods used to improve
upper limb function in post-stroke patients. However, evidence regarding the efficacy of combining these two interventions
is still limited. This study aimed to evaluate the efficacy of MT with TOT on upper limb function recovery in stroke patients.
Methods: The study search was conducted systematically based on the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) 2020 guidelines. Randomized controlled trials (RCTs) that used a combination of MT with TOT in
the rehabilitation of stroke patients were included in the analysis. The primary outcomes evaluated included improved upper
extremity function, as assessed using the Fugl-Meyer Assessment-Upper Limb (FMA-UL), and manual dexterity. The risk of
bias was assessed using the Cochrane Risk of Bias (RoB) tool. The pooled mean difference was used as a point estimate using
Review Manager v5.4.1.

Results: Eight RCTs (n=465) were included in the analysis. Most studies applied the intervention five days per week with a
therapy duration of generally four weeks. The results of the forest plot analysis showed a significant difference in the mean
FMA-UL score between the stroke patient group receiving MT with TOT and the control group (MD 6.79; 95%(Cl 2.95-10.63;
p<0.01). However, no significant difference was found in the mean FMA-UL score between the MT with TOT group and the
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control group (MD 3.02; 95%CI -1.29-7.33; p=0.17).
Conclusion: This study showed that the combination of MT with TOT significantly improved upper extremity motor
impairment in post-stroke patients.
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INTRODUCTION

Stroke remains a major global health
problem and a leading cause of long-
term disability and mortality worldwide.
According to the Global Burden of
Disease (GBD) study, stroke prevalence
nearly doubled from 271 million in
1990 to 523 million in 2019, and stroke
became the third leading cause of death
in 2021.! Upper limb impairment is
among the most disabling sequelae after
stroke. Approximately 33-80% of patients
experience hemiparesis, and many
develop persistent upper limb dysfunction
that limits movement, daily activities, and
social participation.>?

Recovery of upper limb function after
stroke is closely related to neuroplasticity,

the brain’s ability to reorganize neural
networks in response to injury and
experience. Neuroplastic mechanisms,
including synaptic remodeling and cortical
reorganization, provide the biological
basis for motor recovery.* Rehabilitation
strategies that use activity-dependent
plasticity, particularly intensive, repetitive,
and task-specific practice, can improve
motor relearning and functional recovery.®
Repetitive task training has shown
benefits for upper extremity function
and functional activity performance, but
conventional rehabilitation may still have
limited transfer to real-life function when
treatment intensity, task relevance, or
patient engagement is inadequate.®’
Mirror therapy (MT) is a non-invasive
rehabilitation approach that uses mirror

Cite This Article: Harkitasari, S., Salim, A., Adinata, D.W., Nandaswari, N.M.L. 2026. Efficacy of mirror therapy combined with

task-oriented training on upper limb function after stroke: A systematic review and meta-analysis. Physical Therapy Journal of
Indonesia 7(2): 288-296. DOI: 10.51559/ptji.v7i2.417

visual feedback (MVF) to create the
illusion of movement in the affected
limb by reflecting movements of the
unaffected limb. This visual illusion is
thought to activate motor-related cortical
regions involved in movement planning
and execution, thereby facilitating motor
relearning.8 Neurophysiological studies
have shown that MT may induce cortical
reorganization toward the affected
hemisphere, supporting its role in post-
stroke motor recovery.® The previous
Cochrane review found that MT improved
motor function, motor impairment, and
activities of daily living (ADL) after stroke
compared with control interventions.’
Additionally, a recent meta-analysis
further reported improvements in upper
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limb motor and hand function, particularly
when MT was delivered frequently (=5
sessions/week) and over longer durations.'
However, MT alone may not fully optimize
transfer to complex, real-world arm use.
Some MT protocols rely on relatively
simple or repetitive movements that may
not adequately represent meaningful
functional tasks, potentially limiting
generalizability to daily activities."" This
limitation supports combining MT with
rehabilitation approaches that explicitly
emphasize functional task performance.
Task-oriented training (TOT) is a
functional rehabilitation approach that
targets motor recovery through repeated
practice of meaningful, goal-directed
tasks relevant to daily life."* Task-oriented
training (also referred to as task-specific
or goal-directed training) is designed to
enhancemotorlearningandneuroplasticity
through context-relevant practice.”? A
previous systematic review involving 692
adult stroke survivors reported strong
to moderate evidence that activity-
based TOT improved upper limb motor
function, motor performance, and ADL
performance.”® A previous RCT has also
shown clinically significant improvements
in upper extremity outcomes, including
Fugl-Meyer Assessment-Upper Extremity
(FMA-UE), Wolf Motor Function Test
(WMFT), and hand function, compared
with conventional exercise programs.'
Task-oriented  training-based = ADL
training has likewise been associated with
improvements in upper limb function,
manual dexterity, ADL performance, and
quality of life in chronic stroke survivors.'
Given their potentially complementary
mechanisms, combining MT and TOT
may enhance upper limb recovery after
stroke. Mirror therapy may prime the
motor system through visual feedback,
while TOT may reinforce motor learning
through repetitive practice of meaningful
tasks. Available studies suggest benefit
from this combined approach, including
improvements in motor function,
coordinated movement, use of the affected
arm, independence in daily activities, and
quality of life."®'” A previous meta-analytic
evidence also indicates that combined
MT interventions (MT plus other
rehabilitation modalities) may be superior
to rehabilitation therapy alone for upper

Table 1. Study eligibility qualifications based on the population, intervention,
comparison, outcome, and study design (PICOS)
PICOS Inclusion criteria Exclusion criteria
Population (P) Adult stroke patients (=18 Studies involving paediatric patients and
years) with upper limb stroke patients without upper extremity
dysfunction. dysfunction. Animal or in vitro studies

are excluded.

Intervention (I)

Stroke patients who received a
combination of MT with TOT

Studies using TOT without MT are
complex multimodal interventions whose
effects cannot be separated

Comparison (C)  Stroke patients are

standard care).

not
receiving the combination of
MT with TOT (no intervention,

Studies without a comparison/control
group or those not differentiating
outcomes between MT with TOT and
non-MT combined with TOT.

Outcome (O) Improved upper

function, such as:

activities,

extremities

extremity
Motor
function of the arms and hands,
Ability to perform functional
Coordination,
and strength of the upper

Studies not reporting upper extremity
function outcomes. Studies only reported
non-functional outcomes: quality of life
only, cognitive activity only. Outcomes
were not measured or did not use clear
instruments.

Study Design (S)

RCTs, published in the last 10
years (with extractable data
on efficacy of MT and TOT
on upper extremity motor
function in stroke patients).

Prospective or retrospective cohort
studies, case-control studies, review
articles, editorials, commentaries,
conference  abstracts  without full
data, duplicate studies, or studies with
insufficient outcome data for pooled
analysis.

MT, mirror
therapy; TOT,
task-oriented
training; RCTs,
randomized
controlled trials

extremity motor recovery. Nevertheless,
evidence specifically addressing MT
combined with TOT remains limited
and methodologically heterogeneous,
and a clear consensus has not yet been
established.18 Therefore, this systematic
review and meta-analysis aimed to
evaluate the efficacy of mirror therapy
combined with task-oriented training
(MT with TOT) on upper limb function
after stroke.

METHODS

Study Design

The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guideline was used
in this systematic review and meta-
analysis. This paper aimed to evaluate
the efficacy of MT combined with TOT
on upper limb function after stroke by

synthesizing current evidence from the
literature. The study has been registered
in the International Prospective Register

of Systematic Reviews (PROSPERO)
under  the registration =~ number
CRD420261321758.

Search strategy

A comprehensive literature search was
conducted in four online databases:
PubMed, ScienceDirect, the Cochrane
Library, and ProQuest from 1st February
2026 to 7th February 2026. The search
strategy used a combination of relevant
Boolean Operator including (“Stroke”)
AND (“Mirror Therapy”) AND/OR
(Task-Oriented Training) AND (“Upper
Limb Function”). Search parameters were
adjusted to suit each database’s indexing
system. Additionally, the reference lists of
identified articles were manually reviewed
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to identify other eligible studies not
identified through the database search.

Eligibility criteria

Studies were included if they involved adult
stroke patients (=18 years) with upper
limb dysfunction. Eligible interventions
included MT combined with TOT.
Comparators consisted of subjects who
received no intervention or other standard
care. Studies were required to report
efficacy outcomes, namely improved upper
extremity function, such as motor function
of the arms and hands, ability to perform
functional activities (ADL), coordination,
and strength of the upper extremity. Only
RCTs, published within the last ten years,
were considered. Studies were excluded if
they involved paediatric patients without
upper extremity dysfunction, were animal
or in vitro studies, lacked a comparison
group, did not report efficacy, or were
cohort studies, cross-sectional studies,
case-control studies, review articles,
editorials, conference abstracts without
complete data, duplicate studies, or studies
with insufficient outcome data for pooled
analysis. Table 1 presents comprehensive
eligibility requirements derived from the
PICOS framework.

Screening and Data Extraction

A standardized form was used by two
independent reviewers to extract study
characteristics, ensure consistency,
and minimize bias. Key information,
including author name, vyear of
publication, study location, and study
design, was systematically recorded.
Data regarding sample size, patient
profile, and intervention details were also
extracted. Primary outcomes included
upper extremity motor impairment, while
secondary outcomes included manual
dexterity.  Additionally, study-specific
variables, such as equipment and the task
given, were collected to facilitate analysis.
Key findings from each study were
synthesized and tabulated to facilitate
qualitative assessment and quantitative
meta-analytic pooling.

Risk of bias assessment

The quality of included studies was
assessed using the Risk of Bias 2 (RoB2)
tool, which allowed studies to be classified
as low risk, having some concerns, or

Identification of studies via databases and registers

Records identified from*: Records removed before
: PubMed (n =51) e 4 g
Science Direct (n =1558) — (n”'_",l'gg;)'ec‘“ S remove
i ProQuest (n =6952) = L
g Cochrane (n =30) Records marked as ineligible
= by automation tools (n =48)
—
v
Records screened - »| Records excluded {n =7230)
(n =7347)
Y
Reports sought for retrieval Reports not retrieved
—
B (n=117) (n=103)
; ,
Reports assessed for eligibility
(n=14) Reports excluded:
Incomplete data (n =2)
Mot english (n =2)
Irelevant data (n =2)
N
¥
E Studies included in review
2 in=8)
=
Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA)
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Figure 2.

high risk. Duplicate publications were
removed before assessment. Discrepancies
identified during screening of titles,
abstracts, and full-text articles were
resolved by consensus among reviewers to
ensure methodological rigor.

Risk of bias summary of included studies

Data analysis

Continuous variables were analyzed using
either a fixed-effects or random-effects
model, depending on the presence of
heterogeneity, and pooled effect estimates
were expressed as mean difference with
corresponding 95% confidence intervals
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Figure 3. Risk of bias of included studies

(CI). Heterogeneity was quantified using
the Higgins I* statistic, with a value of
0% indicating no heterogeneity and a
value above 50% indicating substantial
heterogeneity. Publicationbiaswasassessed
visually through funnel plot analysis. All
statistical calculations were performed
using Review Manager (RevMan) version
5.4.1, and a p-value<0.05 was considered
statistically significant.

RESULTS

Literature search

A literature search of four electronic
databasesyielded 8,621 studies, comprising
30 studies from Cochrane, 51 studies from
PubMed, 6,982 studies from ProQuest,
and 1,558 studies from ScienceDirect.
A total of 1,274 studies were removed,
including 1,228 duplicates and 46 studies
excluded through automated tools,
resulting in 7,347 unique studies screened
at the title and abstract stage. A total of
7,230 studies were deemed irrelevant and
excluded, leaving 117 studies for full-text
search. Full-text access for 103 studies
was unsuccessful, leaving 14 studies for
eligibility assessment. Six studies were
excluded from these 14 due to incomplete
data in two studies, English-language
articles in two studies, and irrelevant

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Zhuang etal.,, 2021 45 225 18 305 135 18 7.8% 14.50(2.38, 26.62] =
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Figure 4. Forest plot analysis on Fugl-Meyer assessment upper limb (FMA-UL) post-
intervention
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Figure 6. Funnel plot analysis on Fugl- Figure7.

Meyer assessment upper limb
(FMA-UL) post-intervention.

results in two studies. Eight studies met all
inclusion criteria and were included in the
systematic review and meta-analysis.

Study characteristics

Data synthesis was performed from eight
RCTs. These studies were conducted in
five countries across Asia and Europe
and involved over 465 participants,
with sample sizes ranging from 23 to
128 per study (Table 2). The study
population included stroke patients with
upper extremity dysfunction. Subject
characteristics in the included studies
were predominantly male, stroke type was
primarily ischemic, and the lesion site was
relatively balanced with a predilection for
left-sided lesions. The intervention used
was MT combined with TOT. The MT
system was implemented using a portable
mirror box, a table-mounted mirror, or
a camera-based digital mirror system to
support upper extremity motor recovery.

Funnel plot analysis on manual
dexterity post-intervention

Tasks were performed individually with
gradually increasing difficulty, including
bilateral cooperative tasks, functional
activities, and activities based on activities
of daily living. Session duration ranged
from 20 to 90 minutes, with a frequency
of implementation generally 5 days per
week, and the intervention duration in
most studies was 4 weeks (Table 3).

Study outcomes

The outcomes of eight studies were
evaluated to assess the effects of MT
combined with TOT in stroke patients
with upper extremity dysfunction. The
primary outcome most frequently assessed
was upper extremity motor impairment,
while secondary outcomes were manual
dexterity. Several studies also reported
on quality of life, sensory function,
ADL, and functional independence.
Improvements in outcomes were generally
found in the MT with TOT intervention
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Table 2. Population characteristics

. Population
Authors, years Location S %
Total sample Age (years) Male Left-lesion side  Ishemic stroke type
Zhuang et al., 202121 China 36 1:54.0 £ 24.0 66.6% 52.7% 33.3%
C:58.0 £ 22.75@
Lietal, 201933 China 23 54.57 + 10.52A 56.5% 43.4% 52.1%
Solana et al., 202434 Spain 128 68.92 + 11.79A 58.3% 51.7% 91.5%
Bai et., 201935 Italy 34 54.36 + 11.56A 73.5% 44.1% 73.5%
Zhuang et al., 202536 China 24 52.75 + 14.51A 83.3% 45.8% 37.5%
Solana et al., 202516 Spain 120 68.92-|- 58.3% 51.6% 92.5%
Lim et al., 201637 Korea 60 1. 65.3 65% 51.6% 31.6%
C: 64.5+
Abbas and Jabben, 202438 Pakistan 40 1:59.4 +8.2 57.5% NR NR
C:58.7 £ 7.9A

A, data presented in mean * standard deviation; e, data presented in median + quartile range; -|-, data presented in mean; %, percentage. NR, not

reported

group, with significant improvements
in upper extremity motor impairment
and functional outcomes, along with
a feasibility profile. Primary outcomes
were reported to significantly improved
after the intervention compared to the
control group. Improvements were
also reported in secondary outcomes,
including manual dexterity, ADL, and
functional independence, such as the
Functional Independence Measure (FIM)
and Modified Barthel Index (MBI).
Improvements in quality of life were also
reported in one study, particularly related
to spasticity, range of motion, and pain.
The benefits of MT with TOT on motor
recovery and functional performance
in stroke patients with upper extremity
dysfunction can be inferred from these
findings (Table 4).

Risk of bias

The quality of the included studies ranged
from low to moderate risk of bias in
all evaluated areas, including selection
bias, performance bias, detection bias,
attrition bias, reporting bias, and other
potential biases. No studies were rated
high risk of bias, indicating overall
strong methodological quality across the
included studies and strengthening the
validity of their findings (Figures 2 and 3).

Quantitative analysis
The analysis for Fugl-Meyer Assessment
Upper Limb (FMA-UL) post-intervention

outcomes included seven studies, with
a total of 143 participants receiving
MT with TOT and 142 participants in
the comparator group. The results of
forest plot analysis showed a significant
difference in mean FMA-UL in stroke
patients who received MT with TOT
compared to the control group (MD
6.79; 95%CI 2.95 t010.63; p<0.01), with
moderate heterogeneity (12=48%; p=0.07)
(Figure 4).

The analysis for manual dexterity post-
intervention outcomes included three
studies, with a total of 70 participants
receiving MT with TOT and 70
participants in the comparator group.
The results of forest plot analysis showed
no significant difference in mean FMA-
UL in stroke patients who received MT
with TOT compared to the control group
(MD 3.02; 95%CI -1.29 to 7.33; p=0.17),
with low heterogeneity (12=0%; p=0.96)
(Figure 5)

Publication bias

Visual inspection of the funnel plot
reveals mild asymmetry that may indicate
publication bias, the tendency for studies
with positive or significant findings
to be published more frequently than
studies with negative or null results. This
qualitative observation raises concerns
about the strength and representativeness
of the available evidence. Statistical
tests for funnel plot asymmetry are
needed to strengthen the assessment.

The limited number of included studies
limits the feasibility and reliability of
this quantitative method, preventing
conclusive conclusions about the degree of
publication bias (Figure 6).

DISCUSSION

This study demonstrates that the MT with
TOT intervention provides significant
improvements in upper extremity motor
outcomes compared to control treatments.
This consistent effect is also supported by
moderate inter-study variation. Therefore,
the combined results can be considered
quite stable despite differences in
intervention design and implementation.
The relatively equal size of the intervention
and control groups in most studies
contributed to the consistency of findings
across studies. Manual dexterity outcomes
did not show convincing differences.
Therefore, the benefits of the intervention
on fine dexterity aspects still require
further evidence.

Functional impairment due to stroke
is often permanent and can interfere
with various aspects of physical function,
such as cognitive, perceptual, visual, and
emotional functions. To reduce these
long-term effects, physical therapists
apply various rehabilitation approaches to
stroke patients. One of the physiotherapy
interventions developed is a combination
of MT with TOT, which is based on the
principles of the nervous system. This
approach aims to retrain movement
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Table 3. Intervention characteristics

Zhuang et al., Mirror-based Bilateral cooperative tasks: 2-3 tasks based 30 minutes 5 days/ Pre, 2 weeks, 4 weeks
202120 system holding a ball, grabbing and on patient week, and
rolling a cylinder, stacking condition around 4
towels, lifting a stick, and hours/day
pushing a sanding board for 4 weeks
Lietal., 201931 Portable Task-oriented functional Therapist- 90 min (45 3 days/week Pre, 4 weeks
mirror box activities (e.g., picking handset, guided, min mirror  for 4 weeks
placing items); non-task-oriented individual-based  box training
movements (forearm pronation/ on patient with 45 min
supination, finger flexion/ condition functional
extension); Functional training impairment/ training)
(e.g., chopping, pouring) goals
Solana et al,, Mirror Functional tasks simulating Increasing 30 minutes 5 days/ Pre, after 20 sessions
202432 between arms; ADL, IADL, work, and leisure difficulty based week for 5 (5 weeks), 3 months
chair and table activities on performance weeks after
setup
Bai et., 201933 Table, chair, Customary upper limb Individualized 30 minutes 5 days/ 1 day pre, 1 day post
mirror functional training and ADL and increasing week for 4
perpendicular training. difficulty weeks
to patient
Zhuang etal,  Camera-based  Bilateral cooperation task: e.g Therapists- 30 minutes 5 days/ 2 weeks, 4 weeks
202534 mirror grasping the ball. assisted, week for 4
synchronous weeks
hand movement
Solana et al., Chair and Activities: meal preparation, Progressive 1 hour 5daysa  Pre, post-20 sessions,
202516 mirror handling garments, and personal difficulty week 3 months
hygiene tasks
Lim et al., Mirror 35 1week simple movement Progressive task 20 Minutes 5daysa 4 weeks
201635 cmx35 cm (Forearm/wrist movement), 2 from simple to week
weeks simple movement (Finger/  complex over 4
tapping), 3 weeks, Simple task weeks
(Pick, flip, put), 4 weeks complex
task (drawing)
Abbas and NS NS Individualized- 45 minutes 5 days a NS
Jabben., 202436 tailored week
repetitive tasks
to enhance
daily functional
capabilities

ADL, activities of daily living; IADL, instrumental activities of daily living; NS, not specified

patterns and brain perception through
task-oriented training, in which patients
perform a series of movements with their
healthy side of the body while watching the
reflection of these movements in a mirror,
creating the illusion that the affected limb
is also moving, thereby stimulating brain
reorganization.'»*

Functional improvement of the upper
extremities in post-stroke patients with
MT with TOT therapy is based on the
utilization of neuroplasticity theory.
Neuroplasticity is the ability of the

nervous system to adapt to internal and
external stimuli through changes in neural
structure, function, and connectivity.*' In
the eight studies analyzed, MT with TOT
therapy was administered at an average
frequency of five times per week for 30
minutes per session, and then evaluated
after four weeks. The combination of
MT with TOT was proven effective in
improving the function and performance
of the affected upper extremity and
enhancing patients’ ability to perform
activities of daily living.??

The size of mirrors used for MT with
TOT in the eight studies analyzed showed
considerable variation, indicating that
there is currently no standard regarding
mirror dimensions. However, it is
recommended that mirrors be placed in
the midsagittal plane so that reflections of
healthylimbs appear to replace the position
of the affected limbs. This arrangement is
important for producing an optimal visual
illusion, which is believed to play a role
in enhancing neuroplasticity and motor
function recovery in post-stroke patients.’
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Table 4. Study outcomes

Authors, SRS Main finding
years Primary Secondary
Zhuang et Upper extremity motor Motor and daily Associated Mirror Therapy (AMT) was feasible and safe, with no adverse
al,, 202120 impairment: FMA-UL function: BBT, FIM  events. Both groups showed significant post-intervention improvements
in FMA-UL and FIM (p < 0.001). Compared with the control group,
AMT showed greater improvements in FMA-UL at 2 weeks (P = 0.018)
and 4 weeks (P = 0.001), FIM improvements at 2 weeks (P = 0.041) and
4 weeks (P = 0.003).2°
Lietal, Upper extremity motor Arm and hand function Mirror therapy (MT) showed a potential trend toward improvements in
201931 impairment: FMA-UE. during 13 real-life temperature sensation and SIS 3.0 score. It also shows a trend for greater
Sensation impairment: rNSA.  bilateral tasks: CAHAI ~ improvement in MAL.
Self-perceived quality of life Use of the affected
and multidimensional stroke  upper extremity: MAL
recovery: SIS 3.0
Solana et Upper limb function: ARAT ~ Manual dexterity: BBT. Compared with the control group, both experimental groups (MT with
al., 202432 Quality of affected TOT and CTE with TOT) showed statistically significant improvements
arm use (MAL- in upper limb function and fine and gross motor skills, quantity and
30). Functional quality of affected arm use, functional independence in activities of
independence in ADL  daily living, and quality of life, with no significant differences between
(FIM-FAM). Quality of the two experimental groups and maintenance of gains at long-term
life (SS-QoL) follow-up.*?
Bai et., Function of the upper limb: Muscle tone of the MT group showed greater improvement in FMA-UE than other
201933 FMA-UE and WMFT affected: MAS. Activity therapies, and there was a significant time-by-group interaction. No
of daily: MBI significant interaction effect was noted in WMFT, hand grip strength,
MAS, and MBL*
Zhuang et Hand dexterity: BBT_I BBT_C, functions of =~ AMT improves affected upper limb and hand motor impairment, and
al,, 202534 upper limb (FMA_UE), hand dexterity, as shown by higher FMA and FIM scores than the
FIM control group (p<0.001).>*
Solana et  Functions of the upper limb: - There was statistically significant improvement in the overall
al,, 202516 FMA-UE functionality of the upper limb in these patients, except for range of
motion and pain in the experimental groups compared to the control.16
Limetal,  Functions of the upper limb: - The FMA score and MBI improved significantly in both groups
201635 FMA and Brunnstrom. (p<0.001), with greater recovery in the MT group. No significant
Activities of daily: MBI between-group difference in Bruunstrom stage.®
Abbasand  Functions of the upper limb: Spasticity (Modified =~ There was a significant interaction effect between time and group for
Jabben., FMA-UE. Improvements Ashworth both FMA-UE and ARAT scores.3¢
202436 in functional performance: Scale) range of motion,
ARAT and daily living skills
(Barthel Index)

AMT, associated mirror therapy; ARAT, action research arm test; BBT, box and block test; BBT_C, contralesional box and block test; BBT_I, ipsilesional
box and block test; CAHAI, Chedoke arm and hand activity inventory; CTE, cognitive therapeutic exercise; FIM, functional independence measure;
FIM-FAM, functional independence measure - functional assessment measure; FMA-UE, Fugl-Meyer assessment upper extremity; FMA-UL, Fugl-
Meyer assessment upper limb subscale; MAL, motor activity log; MAS, modified ashworth scale; MBI, modified barthel index; MT, mirror therapy;
RNSA, revised Nottingham sensory assessment; SIS 3.0, stroke impact scale 3.0; SS-qol, stroke-specific quality of life scale; TOT, task-oriented

training; WMFT, wolf motor function test.

Mirror therapy is a rehabilitation
method that utilizes visual illusions and
real-time visual feedback to retrain motor
function in patients with hemiparesis and
improve functional ability?® Although
the neurophysiological mechanism is not
yet fully understood, several hypotheses
explain the effects of MT, including
activation of the mirror neuron system,

recruitment of ipsilateral motor pathways,
and activation of motor networks through
observation of the illusion of paretic limbs
moving normally** These visual illusions
stimulate the premotor area, which plays a
role in post-stroke motor recovery, increase
the activity of the primary motor area, and
activate the right superior occipital gyrus
and superior temporal gyrus. A previous

study reported that this process involves
the activation of mirror neurons in the
frontotemporal area, superior temporal
gyrus, and sensorimotor cortex."
Task-oriented training itself is an
effective rehabilitation approach for
improving motor skills and neural
plasticity in patients with central nervous
system injuries. This study found that
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TOT was implemented progressively,
starting with simple movements and then
increasing to more complex movements,
with a focus on functional activities that
represent common everyday movements.
Task-oriented training for post-stroke
patients is generally carried out in stages,
with the level of difficulty adjusted to the
patient’s functional capacity. This approach
aligns with the principles of motor learning
and neuroplasticity mechanisms, as motor
learning occurs most optimally when
exercises are given with progressively
increasing difficulty.>* This approach
emphasizes meaningful and relevant
functional activities that are relevant to
daily life, thereby promoting the transfer
of skills to real-life activities and utilizing
neural plasticity through the recruitment
of brain areas surrounding the lesion
or other intact areas. An effective TOT
program is supported by an appropriate
level of challenge, progressive adaptation,
and active patient involvement. Recovery
of upper extremity function through
TOT occurred through a motor learning
process that optimizes voluntary control,
particularly in the wrist and fingers,
accompanied by increased activity and
reorganization of the sensorimotor and
primary motor areas that contributed to
the recovery of paretic arm function.'**

The findings of this meta-analysis
indicate that the addition of MT to TOT
is associated with greater improvements
in upper extremity motor outcomes
compared to TOT alone. Interpretation
of these findings requires careful
consideration of methodological
variations across studies, although the
combined effect could potentially provide
additional benefits. Overall, the reported
study results are also relatively consistent
with previous evidence suggesting that
MT can contribute to motor recovery
after stroke.9 Mirror therapy is thought to
operate through mirror visual feedback,
based on a mechanistic perspective, which
creates the visual illusion of movement
in the affected limb. Previous studies
reported that this visual feedback may be
associated with increased activation in
motor-related cortical areas and possible
cortical reorganization.®

Recent neurophysiological studies have
also reported the potential recruitment
of ipsilateral motor pathways during

mirror-based interventions, although
the precise influence of these pathways
on functional recovery remains to be
determined.”® Motor recovery through
TOT is enhanced through repetitive,
goal-oriented functional training. This
intervention is thought to support use-
dependent plasticity and motor relearning
processes. The emphasis on task-specific,
high-repetition, periodized training is also
recognized in current stroke rehabilitation
guidelines to facilitate  functional
improvement.”® Additional stimulation
may be provided by the MT with TOT
combination through visual feedback,
which could enhance the engagement of
motor networks before or during task-
specific training. Alignment with motor
priming models in neurorehabilitation
may also be indicated by this hypothesis, as
preparatory cortical activation is thought
to enhance the response to subsequent
training.*

Although this study shows that the
combination of MT with TOT can improve
upper extremity motor outcomes in post-
stroke patients, limitations of this study
include the limited number of studies, the
availability of manual dexterity outcome
data which only comes from a small
number of studies so that the certainty
of the effect on fine dexterity aspects
cannot be ascertained, the duration of
intervention and follow-up is generally
short, variations in intervention protocols
between studies on the type of mirror
therapy device, task components, intensity,
and session duration that could potentially
affect the consistency of the effect, and
the assessment of publication bias that
cannot be confirmed quantitatively due
to the small number of studies and the
asymmetry of the funnel plot which is
only indicative.

CONCLUSION

This study demonstrated that the
combination of MT with TOT improved
upper extremity motor impairment in
post-stroke patients compared to a control
group. No significant differences were
found in manual dexterity outcomes, so
evidence of improvements in fine dexterity
remains limited. Future research is needed
through randomized controlled trials
with larger sample sizes, standardized

MT with TOT protocols for device type,
task components, intensity, and session
duration, and longer follow-up to assess
the sustainability of effects and transfer
to activities of daily living, along with
consistent reporting of manual dexterity
outcomes and more reliable evaluation of
publication bias.
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