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Abstract

Background: Action observation combined with motor imagery (AO+MI) training is considered a potentially effective
approach for improving motor function in patients after stroke. Therefore, it is important to review and analyze the existing
research evidence of its effectiveness.

Objective: This study aims to evaluate the effectiveness of AO+MI training on the limb motor function of patients with
stroke.

Methods: A systematic search was conducted in PubMed, Cochrane Library, Web of Science, Embase, Proquest, Physiother-
apy Evidence Database, ClinicalTrials.gov, and ChiCTR. The last search was performed in June 2025. Three reviewers
independently screened the articles, and 2 reviewers extracted data. Quality assessments of randomized controlled trials were
done using the Cochrane Risk-of-Bias Tool. The certainty of evidence was evaluated with GRADEpro GDT (Evidence Prime,
Inc). A meta-analysis was performed using RevMan 5.3 (The Cochrane Collaboration) software and Stata software.

Results: A total of 13 articles were included with 399 patients with stroke. The results of the meta-analysis showed
that compared with routine rehabilitation, AO+MI could improve the upper extremity function (standard mean difference
[SMD]=1.02, 95% CI 0.28-1.75; P=.007) and the lower extremity function (SMD=6.31, 95% CI 4.75-7.87; P<.001) of
patients with stroke. There was no significant difference between AO+MI and routine rehabilitation for improving activities
of daily living (SMD=0.06, 95% C1 —0.35 to 0.47; P=.06). AO+MI could promote the recovery of upper extremity function in
patients compared with MI independently (SMD=0.97, 95% CI 0.13-1.80; P=.02). There was no significant difference between
synchronous combination and asynchronous combination in upper extremity function rehabilitation of patients after stroke
(SMD=-1.04,95% C1 -2.56 to 0.48).

Conclusions: AO+MI can improve the motor function of limbs and can be considered an effective limb rehabilitation therapy
for patients after a stroke.

Trial Registration: PROSPERO CRD42023488270; https://www.crd.york.ac.uk/PROSPERO/view/CRD42023488270
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Introduction

Stroke represents a major cause of long-term adult disability
worldwide [1]. About 60% of patients with stroke will have
different degrees of limb dysfunction [2], which will not only
have a significant impact on the quality of life of patients and
caregivers but also increase the additional economic burden
[34].

Action observation (AO) refers to watching human
movement either via a prerecorded video or a live demon-
stration [5]. Motor imagery (MI) is defined as the mental
simulation of a given movement that is internally reproduced
in the brain without any actual motor output [6]. Both
AO and MI can activate the neurons in the motor area [7-
9], improve brain structure, and positively affect the motor
behavior and performance of the patients [10-12], which
are considered effective interventions to promote motor
learning and rehabilitation [13,14]. In recent years, systematic
reviews have been conducted to analyze the effectiveness
of AO or MI on limb function rehabilitation of patients
with stroke. Silva et al [6] synthesized data from 6 random-
ized controlled trials and found that, compared to other
therapies, MI is more beneficial for improving poststroke
gait (walking speed) at the end of treatment (standardized
mean difference [SMD]=0.44). Barclay et al [15] systematic
review revealed moderate-quality evidence indicating that MI
combined with other treatments improves upper extremity
activity (SMD=0.66) and reduces upper extremity impairment
(SMD=0.59) in adult survivors of stroke with deficits in
upper extremity activity. Borges et al [16] meta-analysis
demonstrated that AO improved arm function (SMD=0.39)
and enhanced hand function (mean difference=2.76). Peng
et al [17] meta-analysis results indicated that, compared to
control treatments, AO had a moderate-to-large effect size
on walking outcomes (Hedges g=0.779), a large effect size
on gait velocity (Hedges g=0.990), and a moderate-to-large
effect size on activities of daily function (Hedges g=0.728).
When patients with hemiplegia after stroke cannot complete
rehabilitation training, AO or MI can replace or supple-
ment traditional rehabilitation training and become a feasible
therapy.

The combined intervention of AO and MI (AO+MI)
is typically defined as observing an action while simulta-
neously imagining the feelings associated with performing
it [18]. More recently, it has been found that the brain
regions involved in MI and AO overlap extensively with
each other and with the regions involved in motor execu-
tion, so combined use may promote cortical activation in
the premotor, rostral parietal, and somatosensory areas [19,
20]. A population-independent meta-analysis revealed that
AO+MI increased corticospinal excitability compared to
AO and control interventions [21]. The training measures
of AO+MI have been applied to healthy participants [22],
Parkinson disease [23], and limb injuries [24]. A systematic
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review study on populations with Parkinson disease found
that AO+MI can improve individuals’ freezing of gait, speed,
physical function, and balance [25]. Some studies [26,27]
have applied AO+MI to rehabilitating limb function in
patients with stroke. However, most of these studies are small
sample trials, and there is heterogeneity among the results of
the studies, so the validity is unclear.

The combination of AO and MI has 2 modes: synchro-
nous and asynchronous. In synchronous mode, participants
observe human movement, and at the same time, imagine
themselves executing either the same or a different action. In
asynchronous mode, AO happens at a different time than MI
[28]. Some scholars believe synchronous AO+MI has unique
advantages [5], but others argue that it is unclear whether
synchronous indeed improves performance beyond asynchro-
nous [29-31].

Therefore, our systematic review and meta-analysis aim
to explore (1) whether AO+MI has more advantages in limb
function rehabilitation of patients with stroke compared with
routine rehabilitation, (2) whether AO+MI has an advant-
age in limb function rehabilitation of patients with stroke
compared with their independent use, and (3) whether there
are differences in limb function rehabilitation of patients
with stroke between synchronous AO+MI and asynchronous
AO+MI. Through this review, we discuss the feasibility and
effectiveness of applying AO+MI in the rehabilitation of limb
function in patients with stroke to provide evidence-based
evidence for clinical practice. We hope that this systematic
review can provide clinical rehabilitation therapists with
some implications for alternative therapy in poststroke limb
rehabilitation.

Methods

Overview

The systematic review was registered a priori to PROSPERO
(CRD42023488270) and reported following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses; checklist provided in Checklist 1).

Search Strategy

We systematically searched publications in the following
databases in June 2025: PubMed, Cochrane Library, Web
of Science, Embase, Proquest, Physiotherapy Evidence
Database, and clinical trial registries: ClinicalTrials.gov
and ChiCTR. Two researchers (PS and CN) developed
and performed the search strategy together. The follow-
ing keywords were used for the search: “Stroke,” “Motor
Imagery,” “Action Observation,” “MI,” “AO,” etc. The
search method uses the combination of Medical Subject
Headings (MeSH) and free terms, and the search strategy is
shown in Table 1.
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Table 1. Search strategy.

Database

Search strategy

1=(((Strokes[MeSH Terms]) OR (Cerebrovascular Accident*[MeSH Terms])) OR (CVA*[MeSH Terms])) OR
(Apoplexy[MeSH Terms])

2=(((((stroke*[Title/Abstract]) OR (post stroke[Title/Abstract])) OR (post-stroke[Title/Abstract])) OR (apoplex*[Title/
Abstract])) OR (Cerebrovascular Accident*[Title/Abstract])) OR (CVA*[Title/Abstract])

3=(((((((brain[Title/Abstract]) OR (cerebr*[Title/Abstract])) OR (cerebell*| Title/Abstract])) OR (intracerebr*[Title/
Abstract])) OR (intracran*[Title/Abstract])) OR (cerebral vasc*[Title/Abstract])) OR (brain vasc*[Title/Abstract]))
AND ((((((((((((ischemi*[Title/Abstract]) OR (infarct*[Title/Abstract])) OR (thrombo*[Title/Abstract])) OR
(emboli*[Title/Abstract])) OR (occlus*[Title/Abstract])) OR (hemorrhag*[Title/Abstract])) OR (hematoma*|[Title/
Abstract])) OR (bleed*[Title/Abstract])) OR (accident*[Title/Abstract])) OR (disorder*[Title/Abstract])) OR (dis-
ease*[Title/Abstract])) OR (apoplexy|Title/ Abstract]))

4=((((Action observation[Title/Abstract]) OR (AO[Title/Abstract])) OR (AOT|[Title/Abstract])) OR (action
images|Title/Abstract])) OR (video therapy|[Title/Abstract])

5=((observ*[Title/Abstract]) OR (watch*[Title/Abstract])) AND (((((((((((action*[Title/Abstract]) OR (move-
ment*[Title/Abstract])) OR (reach*[Title/Abstract])) OR (activit*[Title/Abstract])) OR (task*[Title/Abstract])) OR
(motion*[Title/Abstract])) OR (motor|[Title/Abstract])) OR (train*[Title/Abstract])) OR (perform*[Title/Abstract])) OR
(gestur*[Title/Abstract])) OR (demonstrat*[Title/Abstract]))

6=(((mental[Title/Abstract]) OR (cognitive*[Title/Abstract])) OR (covert*[Title/Abstract])) AND (((((((image*[Title/
Abstract]) OR (imagination[Title/Abstract])) OR (imagining[Title/Abstract])) OR (rehears*[Title/Abstract])) OR
(practic*[Title/Abstract])) OR (train*[Title/Abstract])) OR (represent*[Title/Abstract]))

7=(((((motor[Title/Abstract]) OR (locomot*[Title/Abstract])) OR (visual*[Title/Abstract])) OR (motion[Title/
Abstract])) OR (movement[Title/Abstract])) AND ((((image*[Title/Abstract]) OR (imagination[Title/Abstract])) OR
(imagining| Title/Abstract])) OR (ideation[Title/Abstract]))

8=((((Imagery[Title/Abstract]) OR (imagination[Title/Abstract])) OR (kinesthetic imagery|Title/Abstract])) OR
(Movement representation techniques[Title/Abstract])) OR (mental simulation practice[Title/Abstract])

9=(Randomized Controlled Trial[MeSH Terms]) OR (Randomized Controlled TrialsfMeSH Major Topic])

10=((((randomized controlled trials[ Title/Abstract]) OR (randomized controlled trial[Title/Abstract])) OR (RCT[Title/
Abstract])) OR (RCTs|Title/Abstract])) OR (Random allocation[Title/Abstract])

11=((control*[Title/Abstract]) OR (clinical[Title/Abstract])) AND (((trial*[Title/Abstract]) OR (stud*[Title/Abstract]))
OR (experiment*[Title/Abstract]))

12=1 OR2 OR 3
13=4OR 5

14=6 OR 70OR 8
15=9 OR 10 OR 11

PubMed 16=12 AND 13 AND 14 AND 15

Cochrane Library #1  (Strokes or Cerebrovascular Accident* or CVA* or Apoplexy): ti,abkw
#2  ((brain or cerebr* or cerebell* or intracerebr* or intracran* or cerebral vasc* or brain vasc*) AND (ischemi* or
infarct* or thrombo* or emboli* or occlus* or hemorrhag* or hematoma* or bleed* or accident® or disorder* or
disease* or apoplexy)):ab
#3  (Action observation or AO or AOT or action images or video therapy): ab.ti kw
#4  ((observ* or watch*) and (action* or movement* or reach* or activit* or task* or motion* or motor or train* or
perform* or gestur* or demonstrat*)):ab
#5 ((mental or cognitive* or covert*) and (image* or imagination or imagining or rehears* or practic* or train* or
represent®)):ab ti,kw
#6  ((motor or locomot* or visual*or Motion or movement) and (image* or imagination or imagining or ideation)):ab
#7 (Imagery or imagination or kinesthetic imagery or Movement representation techniques or mental simulation
practice):ab ti,kw
#8 (randomized controlled trials or randomized controlled trial or RCT or RCTs or Random allocation):ab ti kw
#9  ((control* or clinical) and (trial* or stud* or experiment*)):ab ti,kw
#10 #1 or #2
#11 #3 or#4
#12  #5 or #6 or #7
#13  #11 and #12
#14 #8 or #9
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Database Search strategy
#15 #10 and #13 and #14
Web of Science #1 (TS=(stroke* or post stroke or post-stroke or apoplex* or Cerebrovascular Accident*or CVA*)) NOT

(SILOID==(“PPRN"))

#2 (TS=((brain or cerebr* or cerebell* or intracerebr* or intracran* or cerebral vasc* or brain vasc*) AND (ischemi* or
infarct* or thrombo* or emboli* or occlus* or hemorrhag* or hematoma* or bleed* or accident* or disorder* or
disease™* or apoplexy)) and Preprint Citation Index (Exclude — Database)

#3 (TS=(Action observation or AO or AOT or action images or video therapy)) NOT (SILOID==(*PPRN"))

#4 (TI=((observ* or watch*) and (action* or movement* or reach* or activit* or task* or motion* or motor or train* or
perform* or gestur* or demonstrat*))) NOT (SILOID==(“PPRN"))

#5 TS=((mental or cognitive* or covert*) and (image* or imagination or imagining or rehears* or practic* or train* or
represent*)) and Preprint Citation Index (Exclude — Database)

#6 (TI=((motor or locomot* or visual*or Motion or movement)and (image* or imagination or imagining or ideation)))
NOT (SILOID==(“PPRN"))

#7 (TI=(Imagery or imagination or kinesthetic imagery or Movement representation techniques or mental simulation
practice)) NOT (SILOID==(“PPRN"))

#8 TS=(randomized controlled trials or randomized controlled trial or RCT or RCTs or Random allocation) and Preprint
Citation Index (Exclude — Database)

#9 TS=((control* or clinical) and (trial* or stud* or experiment*)) and Preprint Citation Index (Exclude — Database)
#10 #1 or #2 and Preprint Citation Index (Exclude — Database)

#11 #3 or #4 and Preprint Citation Index (Exclude — Database)

#12 #5 or #6 or #7 and Preprint Citation Index (Exclude — Database)

#13 #8 or #9 and Preprint Citation Index (Exclude — Database)

#14 #11 and #12 and Preprint Citation Index (Exclude — Database)

#15 #10 and #13 and #14 and Preprint Citation Index (Exclude — Database)

Inclusion Criteria and Exclusion Criteria

The studies were selected based on the PICOS verifica-
tion method (P-participants; I-intervention; C-comparison;
O-outcome; and S-study design), as shown in Table 2.

Table 2. Selection criteria for meta-analysis.

Category

Inclusion criteria

Participants

Intervention

Comparison

Outcome

Study design

Exclusion criteria

e Adult patients with stroke (age >18 years), conscious, with motor impairment. Selection of studies was not
influenced by the chronicity, severity, or type of the stroke

* A combination of action observation and motor imagery intervention with or without routine rehabilitation.
Studies were included even if the AO®+MIP intervention group was contaminated with other concurrent
treatment effects, such as mirror box therapy or graded motor imagery

* Routine physical therapy or occupational therapy.

* AO or MI independently, with or without routine rehabilitation

* Placebo or no therapy

e Primary outcome: limb function. Assessment tools include but are not limited to FMA-tUES, ARATd, WMFT¢,
WAQ', and MALS

* Secondary outcomes: dependence on ADLh, measured tools include but are not limited to the Barthel Index
and FIM!

¢ Clinical randomized controlled trial

* Conference articles

* The full text cannot be obtained

* Non-English literature

* Inability to extract outcome index data

4A0: action observation.
dMI: motor imagery.

“FMA-UE: Fugl-Meyer assessment.
dARAT: Action Research Arm Test.
*WMFT: Wolf Motor Function Test.
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fwaQ: Walking Ability Questionnaire.
EMAL: Motor Activity Log.

hADL: activities of daily living.

IFIM: Functional Independence Measure.

Sun et al

Study Selection and Data Extraction

Two reviewers (XL and XZ) carried out the study selection
independently in accordance with the eligibility criteria, and
in case of disagreement, a third reviewer (PS) was asked
to resolve this. Initially, all potential articles were screened
according to the title, abstract, and keywords. Then the
full text of all selected articles was checked, and the final
selection was made based on the predefined selection criteria.

Three reviewers (PS, XL, and XZ) independently extracted
data from the included studies using a predefined form.
Data abstraction included study characteristics, participant
characteristics, sample size, intervention measures and
intervention content, duration of experiments, assessment
instrument, and outcomes. Pre-post differences data were
extracted directly. For studies that did not report the mean and
SD of the pre-post differences, we used the Follmann et al
[32] method to convert the means and SDs of the baseline and
final values into the mean and SD of the pre-post differences,
as described in version 3.0.2 of the Cochrane Collaboration
Handbook (page 213). In case of missing or unclear data, we
tried to obtain additional information from the study authors.

Risk of Bias and Certainty of the
Evidence

Methodological quality assessment will be conducted
independently by 2 researchers, following the Cochrane Risk
of Bias tool (RoB 2.0; The Cochrane Collaboration) for
assessing the risk of bias in randomized trials [33] recommen-
ded in the Cochrane Handbook [34]. If 2 reviewers (XL and
XZ) cannot determine the evaluation results in the quality
evaluation, a third independent reviewer (PS) makes the
decision.

Two independent reviewers (XZ and XL) used the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach to assess the certainty for
each meta-analysis outcome. There are 4 classification levels
to assess the quality of evidence: high, moderate, low, and
very low. We used the GRADEpro GDT (GRADEpro GDT;
Evidence Prime, Inc) to create the “Summary of findings”
tables.

Data Analysis

Statistical analysis was performed using Review Man-
ager software (RevMan 5.3; The Cochrane Collaboration).

https://rehab.jmir.org/2025/1/e75705

Measurement data with the same outcome index unit were
calculated using mean difference and 95% CI. SMD and
95% CI were used for different outcome index units. The
difference was statistically significant at P<.05. For studies
reporting median, we converted these values to mean and SD
using the method proposed by Hozo et al [35].

Heterogeneity was tested using the chi-square test and I>
statistic [36]. The heterogeneity was considered low when
P>.1 and PP<50%, and the fixed-effects model estimated
the combined effect size. The heterogeneity was considered
significant when P<.1 and I2>50%, and the random effects
model was adopted. When it was impossible to combine
effect sizes, we performed only a descriptive analysis of
the results. Subgroup analyses were conducted to explore
potential sources of heterogeneity through subgroup analysis.

For interventions that could not be directly compared, a
mesh meta-analysis was performed using Stata 14.1 software
(StataCorp LLC). SMD and 95% CI were used to calculate
the effect size of this study. The surface under the cumulative
ranking curve (SUCRA) was used to predict and rank the
efficacy of rehabilitation measures [37]. When there was a
closed loop in the network map, the inconsistency model was
used for testing. If P>.05, the consistency model was used
for analysis. If P<.05, the source of heterogeneity should be
identified and eliminated.

We conducted the sensitivity analysis using the one-by-
one elimination method and changing the combined model. If
more than 10 studies were included, the funnel plot was used
to analyze publication bias.

Results

Study Selection and Characteristics

A total of 7563 results were retrieved from 8 databases, and
5850 results remained after removing duplicates. After the
preliminary screening, 219 articles remained. After reading
the full text and rescreening, 13 articles [38-50] were finally
included, and the flowchart is shown in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of literature screening (source: adapted from

Page and Levine [47], which is published under Creative Commons Attribution 4.0 International License [51]).

Identification of studies via other methods J

Reports not
retrieved
(n=0)

[ Identification of studies via databases and registers J [
)
Records identified from: Records removed before
PubMed (n=2085) P
3 screening: . y
= Cochrane Library (n=1205) Dupligate focords Records identified
g pen =23—27) removed(n=1713) frong.‘;itation searchin
5 Embase(n=76) Records marked as ineligible (n=2) 9
S Proquest(n=1755) by automation tools (n=0)
- PEDro (n=55) Records removed for other
ClinicalTrials.gov (n=5) reasons (n=0)
ChiCTR(n=55)
— 1
o l
Records screened »| Records excluded
(n=5850) (n=5625)
A4
Reports sought for retrieval Reports not retrieved Reports sought for
=4 (n=225) q (n=16) retrieval
= (n=2)
€
o
: | :
3]
(7]
P Reports excluded: Reports assessed for
:?:Z%%s) assessed foreligibility Intervention irrelevant (n=99) eligibility
Non-randomised controlled (n=2)
trials (n=28)
Outcome indicators irrelevant
(n=12)
Outcome data were incomplete
(n=41)
v Participants irrelevant (n=6)
non-English (n=12)
5 Studies included in review
s (n=13)
° Reports of included studies
= (n=13)

Reports excluded:
(n=0)

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

The 13 included studies [38-50] involved a total of 399
participants, and most of them were small sample trials. The
participants were mainly patients with stroke with upper limb
paralysis. A total of 12 studies compared AO+MI with their
independent use or conventional rehabilitation [38-49]. In
addition, one [50] compared synchronous and asynchronous
combination models. Most of these studies had an interven-
tion duration of about 4 weeks. Most of the primary outcome
indicators were upper extremity function, while only 2 studies
[39,45] assessed the lower extremity function and 1 study
[49] assessed the overall motor function. The features of
literature inclusion are shown in Table 3. In this table, age
and stroke course were expressed as mean (SD) or median
(IQR) or median (maximum, minimum).
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Risk of Bias and Certainty of the
Evidence

The RoB 2.0 tool was used to evaluate literature quality. All
13 randomized controlled studies were included, of which 6
[39-42,46,47] had a low risk of selection bias, 2 [42,46] used
assignment concealment, 3 [39.42.43] blinded participants
and implementors, 8 [38,39,42-44.46.47,50] blinded outcome
evaluators, only one [48] outcome measure was incomplete,

Figure 2. Risk of bias graph [38-50].

Sun et al

all studies reported full results, and 7 [42,43,45-47,49,50] had
a low risk of other bias. The final evaluation results are shown
in Figure 2.

We assessed the certainty of evidence for the 7 outcomes
in the meta-analysis. The overall certainty of evidence was
rated as low to very low. The GRADE results are shown in
Table 4.

¢ @

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

it 9SS0

® e e :

9O ¢

¢ .’.. é .ELUZ'Ielaouo
it 9SS0

® O O S| ¢ | ® @ co0zreuen
0O e :

® e e oo
® 0O e e :

® 0 e :
® e e e o

2

2 5

o (2]
0 5 0 0 g - - = @ Q o
f=4 = '~ @O @© @© @© <
S £ © o 3 o © 3 S 2 @
T 2 o o T 2 % % o @ o
2 2 2 2 2 2 2 D © @
N N N N N N N N N N N
o o o o o o o o o o o
—_ ~ ~ ~ purd b g purd o o purg
o w w b =h w =h (==} w ~N (=2}
o 00 6 ® 000 o e @ | Random sequence generation (selection bias)
~ | @ == ® | w |- = | Allocation concealment (selection bias)

-~ . -~ o0 Blinding of participants and personnel (performance bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
I t t t i
0% 25% 50% 75% 100%
.Low risk of bias DUnclear risk of bias .High risk of bias
Table 4. Summary of findings.

Certainly assessment No. of patients Effect
No. of Study Risk of Inconsistency Indirect Imprecision  Others ~ Experimental Control  Absolute Certainty
studies  design bias evidence (95% CI)

Overall motor function (AO+MI? vs routine)
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Certainly assessment No. of patients Effect
1 RCTs®  Serious®  Notserious  Not serious  Seriousd None 50 50 SMDE 3.22 ee0O0
higher Low
(1.55t0 4.89
higher)
Upper extremity function (AO+MI vs routine)
7 RCTs Not Serious’ Serious® Seriousd None 81 76 SMD 1.02 ®0O00
serious higher Very low
(0.28to 1.75
higher)
Self-care ability (AO+MI vs routine)
2 RCTs Not Not serious ~ Not serious  Very None 49 42 SMD 0.06 ®e00
serious Serious higher Low
(0.35 lower to
0.47 higher)
Lower extremity function (AO+MI vs routine)
2 RCTs Serious®  Not serious  Not serious  Seriousd None 28 24 SMD 6.31 CII00)
higher Low
(4.75 t0 7.87
higher)
Upper extremity function (AO+MI vs MI)
2 RCTs Serious®  Not serious  Not serious  Seriousd None 13 13 SMD 0.97 CIIOO)
higher Low
(0.13to0 1.80
higher)
Upper extremity function (AO+MI vs AO)
1 RCTs Serious®  Not serious  Not serious  Seriousd None 22 23 SMD 1.92 CII00)
higher Low
(0.66 to0 3.18
higher)
Upper extremity function (asynchronous vs synchronous)
9 RCTs Serious®  Not serious  Serious! Very None 93 22 SMD 1.00 000
Serioush higher Very low
(1.33 lower to
3.33 higher)

2A0+MI: AO combined with MI.
PRCT: randomized controlled trial.
¢50%< 12 < 75%.

d0ne study used surrogate endpoint measures to replace the patient’s important outcome of interest.

®SMD: standard mean difference.
fThe sample size was less than 100.

8The 95% CI crosses the equivalence line and the sample size is less than 100.

"Most of the information (two-thirds) came from moderate bias.

iNetwork meta-analysis.

Outcomes

Comparison of AO+MI and Routine

Rehabilitation

A total of 10 studies compared the effects of AO+MI
and routine rehabilitation on patients’ motor function [38,

https://rehab.jmir.org/2025/1/e75705

394142 44-47.49.50]. One study [49] evaluated the impact
of AO+MI on overall motor function, demonstrating that
AO+MI enhanced Fugl-Meyer assessment (FMA) scores
versus routine rehabilitation (SMD=3.22, 95% CI 1.55-4.89;

P<.001), as shown in Figure 3A.
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Figure 3. The action observation combined with motor imagery therapy versus conventional physical therapy for (A) overall motor function, (B)
upper extremity motor function, (C) lower extremity motor function, and (D) activities of daily living [38,39,41-47 49].

AO combine MI Routine

Mean Difference Mean Difference

Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Suietal 2023 1011 454 50 6.89 3.97 50 100.0% 3.22[1.55, 4.89]
Total (95% CI) 50 50 100.0% 3.22[1.55, 4.89] ->
Heterogeneity: Not applicable _150 _‘5 o é 190
Test for overall effect: Z= 3.78 (P = 0.0002) Routine AO combine MI
A
AO combine MI Routine Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV. Random, 95% CI IV, Random, 95% CI
1.1.1 FMA-UE
Assis etal. 2016 85 3.2 4 35 11 4 8.8% 1.82[-0.05, 3.68] —
Green etal. 2023 21 104 4 1 105 5 11.9% 0.85[-0.57, 2.27] —
Nam etal. 2019 4.4 6.6 10 38 4.9 10 16.8% 0.10[-0.78, 0.98] B L
Page etal. 2021 6.6 0.7 9 38 25 9 149% 1.45[0.38, 2.52] =
Subtotal (95% CI) 27 28 52.4% 0.90 [0.10, 1.69] -
Heterogeneity: Tau®= 0.26; Chi*= 5.03,df=3 (P=0.17), F= 40%
Testfor overall effect: Z= 2.21 (P =0.03)
1.1.2 ARAT
Letswaartetal. 2011 59 195 39 732 192 32 206% -0.07 [-0.54, 0.40] =
Subtotal (95% CI) 39 32 20.6% -0.07 [-0.54, 0.40] -
Heterogeneity: Not applicable
Test for overall effect: Z= 0.30 (P = 0.76)
1.1.3 Drinking behavior functions
Leeetal 2013 5 28 8 -0.5 27 9 13.7% 1.90([0.70,3.10] .
Subtotal (95% Cl) 8 9 13.7% 1.90 [0.70, 3.10] e R
Heterogeneity: Not applicable
Test for overall effect: Z=3.11 (P =0.002)
1.1.4 MAL
Kimetal. 2018 1.7 053 7 0575 0835 7 13.4% 1.51[0.27,2.74) - =
Subtotal (95% CI) 7 7 13.4% 1.51[0.27, 2.74] | —eRERe—
Heterogeneity: Not applicable
Testfor overall effect: Z= 2.39 (P = 0.02)
Total (95% CI) 81 76 100.0% 0.94 [0.23, 1.65] R il
?etf;ﬂgeneit\::l T:u‘:g.ﬁg; ;h;;: 10§l.c|503é)ur= 6 (P =0.003); F= 69% 2 1 o 1 2
est for overall effect: Z= 2. =0. .
Testfor subaroun differences: Chi*=14.42. df=3 (P=0.002). F=79.2% Rolitine “AO cambine Ml
B
AO combine MI Routine Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1.1FMA-LE
Choetal 2013 65 1.25 15 0.2 265 13 98.5% 6.30 [4.73,7.87] !
Subtotal (95% CI) 15 13  98.5% 6.30 [4.73, 7.87]
Heterogeneity: Not applicable
Test for overall effect. Z=7.85 (P < 0.00001)
3.1.2 Gait speed
Lee etal 2011 16.4 1566 13 9569 156 11 1.5% 6.71[-5.84,19.26] I
Subtotal (95% CI) 13 11 1.5% 6.71[-5.84, 19.26] e R—
Heterogeneity: Not applicable
Test for overall effect: Z=1.05 (P = 0.29)
Total (95% CI) 28 24 100.0% 6.31[4.75,7.87] +
Heterogeneity: Chi*= 0.00, df=1 (P = 0.95); F= 0% + t t y
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A total of 7 studies [38,40,41.46-48.,50] assessed the effect of
AO+MI on upper extremity motor function and were included
in the meta-analysis. Among these 7 studies, 4 studies [38,
41,46 A47] used Fugl-Meyer assessment of upper extremity
(FMA-UE) as the main evaluation index to evaluate the upper
extremity motor function of patients, one study [42] used
Action Research Arm Test (ARAT), one study [43] used
Motor Activity Log (MAL), and one study [44] used the
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data of 1-minute drinking movements of patients. A random
effects model was used as the studies had high heterogeneity
(P=.002, ’=71%). The results showed a significant differ-
ence between the 2 groups (SMD=1.02, 95% CI 0.28-1.75;
P=.007), as shown in Figure 3B.

A total of 2 studies [39,45] evaluated the effects on
lower extremity motor function, with one study [39] using
the Fugl-Meyer assessment lower extremity (FMA-LE) as

JMIR Rehabil Assist Technol2025 | vol. 12 175705 I p. 15
(page number not for citation purposes)


https://rehab.jmir.org/2025/1/e75705

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

the evaluation index and one study [45] using gait speed.
Analysis using a fixed-effects model (P=0.95, ’=0%) and
meta-analysis results showed a significant difference between
the 2 groups (SMD=6.31, 95% CI 4.75-7.87; P<.001), as
shown in Figure 3C.

A total of 2 studies [42.46] evaluated the effects on
activities of daily living (ADL), with one study [42] using
the Barthel index as the evaluation index and one study [46]
using the Functional Independence Measure (FIM). Analysis
using a fixed-effects model (P=0.63, 2=0%) and meta-anal-
ysis results showed no statistically significant difference in
ADL between the 2 groups (SMD=0.06, 95% Cl —0.35 to
0.47; P=.7T), as shown in Figure 3D.

Comparison of AO+MI and Their Independent
Use

A total of 3 studies [40,4148] compared the effects of
AO+MI and their independent use on patients’ motor

Sun et al

function. One study [40] compared the effects of AO+MI
and AO on patients’ upper extremity function. The
results demonstrated a statistically significant improvement
in FMA-UE scores with AO+MI relative to AO alone
(SMD=1.92, 95% CI 0.66-3.81; P=.003), as shown in Figure
4A. Two studies [41,48] compared the effects of AO+MI
and MI independently on patients’ upper extremity function;
both used FMA-UE as an evaluation index. A meta-analysis
was performed using a fixed-effects model (P=.69, P=0%),
and results showed that AO+MI could promote the recovery
of upper extremity function in patients compared with MI
independently (SMD=0.97, 95% Cl 0.13-1.80; P=.02), as
shown in Figure 4B.

Figure 4. A, Action observation combined with motor imagery versus action observation independently for upper extremity function and B, AO+MI
versus motor imagery independently for upper extremity function [40,41,48]. AO: action observation, AO+MI: Action observation combined with
motor imagery, FMA-UE: Fugl-Meyer assessment of upper extremity, MI: motor imagery.
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Comparison of Synchronous Mode and
Asynchronous Mode

Of the studies included in this review, 7 studies [38,41-43,
4547 49] used the asynchronous AO+MI mode, 5 studies
[39,40,44,46 48] used synchronous mode, and one study
[50] directly compared the therapeutic effects of synchro-
nous and asynchronous combined mode. A total of 10
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studies [38,40-44,46-48,50] were included in the network
meta-analysis to compare the effects of the 2 combina-
tion interventions on upper extremity motor function across
5 rehabilitation measures: routine rehabilitation, AO, MI,
synchronous AO+MI and asynchronous AO+MI; the network
diagram is shown in Figure 5A. FMA-UE, ARAT, MAL,
and 1-minute drinking movements of patients were used as
indices to evaluate extremity function rehabilitation.
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Figure 5. (A) The network diagram. (B) Forest plot of the network meta-analysis for upper extremity function. (C) Surface under the cumulative
ranking curve analyzes the sort diagram. (D) The comparison-correction funnel plot. AO: action observation; AO+MI: action observation combined

with motor imagery; MI: motor imagery.
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The global inconsistency test revealed no inconsistency
between the studies (def=1.53, P=.67). The results of
the node-splitting analysis demonstrated local inconsistency
between synchronous mode and asynchronous mode (P=.02).
The forest map results showed no statistically significant
difference between synchronous mode and asynchronous
mode effects on upper extremity function rehabilitation of
patients after stroke (SMD=-1.04, 95% CI -2.56 to 0.48),
as shown in Figure 5B. The results of the SUCRA analy-
sis showed that the interventions most likely to promote
the rehabilitation of patients’ upper extremity function were
asynchronous (89.3), synchronous (46.4), AO (49.9), MI
(38.6), and routine rehabilitation (25.8), as shown in Figure
5C.

Publication Bias

The analysis of the effect index for limb motor function was
conducted, generating a funnel plot. The results showed good
symmetry, indicating that publication bias was not noticeable.
The comparison-correction funnel plot is shown in Figure 5D.

Discussion

Principal Findings

This study review aimed to synthesize the evidence on the
effects of AO+MI on limb functional rehabilitation in patients
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after stroke through a systematic review and meta-analysis.
We included 13 trials with 399 participants in this review.

The meta-analysis showed that compared with routine
rehabilitation therapy, AO+MI could improve limb motor
function in patients with stroke. And compared with their
independent use, AO+MI could improve upper extremity
motor function in patients with stroke. These findings are
consistent with the results of a meta-analysis by Chye et al
[21] that included all populations (encompassing patients with
Parkinson disease, older individuals, children, and healthy
adults et al). Relevant and experience-dependent practice
encourages the brain to create and reorganize function-
ally appropriate neural connections, which is pivotal for
neurorehabilitation following stroke [52]. A related func-
tional magnetic resonance imaging study [53] has revealed
that when individuals engage in AO+MI, blood oxygen
level-dependent (BOLD) signals increase and become more
widespread in brain regions involved in motor execu-
tion. Electroencephalography investigation demonstrates that
during AO+MI, individuals exhibit significantly decreased
power spectral densities in the alpha and beta bands,
indicating heightened activity in the primary sensorimotor
cortices [54]. For patients with stroke who have difficulty
performing actual movements, the increased neural activity
during AO+MI may support repeated Hebbian modulation of
intracortical and subcortical excitatory mechanisms through
synaptic plasticity, producing effects similar to those of

JMIR Rehabil Assist Technol2025 | vol. 12 1e75705 I p. 17
(page number not for citation purposes)


https://rehab.jmir.org/2025/1/e75705

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

physical practice [21]. This may be the reason why AO+MI
improves motor function in patients with stroke. However,
our meta-analysis showed that AO+MI did not improve ADL
in patients after stroke compared with routine rehabilitation.
A potential explanation is that poststroke ADL improvement
requires a longer intervention duration, while the 2 studies
[42,46] included in this meta-analysis featured relatively short
intervention periods (2-4 weeks).

Although the only direct evidence suggests that synchro-
nous may enhance motor function in patients with stroke
compared to asynchronous [50], the network meta-analy-
sis results in this review indicate no significant difference
between synchronous and asynchronous AO+MI in improv-
ing upper extremity function in patients with stroke. The
potential reason for the inconsistency between direct evidence
and meta-analysis results may stem from differences among
participants. As Eaves and colleagues point out [5], synchro-
nous AO+MI may impose greater cognitive load compared to
asynchronous AO+MI. This could result in the synchronous
mode being overly demanding for certain patient popula-
tions or rehabilitation stages. In such cases, asynchronous
intervention might be more advantageous. Consequently,
variations in key characteristics among participants across
included studies—such as severity of neurological deficits
and baseline cognitive levels—may modulate the bounda-
ries of effectiveness between synchronous and asynchronous
intervention modalities. Therefore, future studies with more
direct evidence are needed to compare the effects of these
2 modalities on poststroke recovery. In addition, asynchro-
nous AO+MI does not rule out the possibility of participants
spontaneously performing MI during the AO component of
AO then MI. This may result in some studies using asynchro-
nous mode inadvertently including elements of synchronous
mode, which might also explain why no significant difference
in effectiveness has been observed between the 2 combined
approaches.

This review evaluated the included studies strictly
according to the relevant measures in the Cochrane 5.1.0
manual for randomized controlled trial quality assessment.
Among the 13 studies [38-50] included, only one study [42]
had a low risk of bias in all 7 aspects of bias analysis,
while the risk of bias in the other studies mainly focused
on selection bias and implementation bias. Although most
studies claim randomization, only half clearly state the correct
way to generate random sequences. In addition, most studies
did not report how the randomization scheme was assigned
to hide, which led to high-risk outcomes in both evaluations.
Most of the studies included in this review were not blinded,
which may be due to the changes in rehabilitation measures
and the limitations of human resources, material resour-
ces, and venues, making it challenging to perform double
blindness. The overall quality of the evidence presented in
this review, as assessed by the GRADE approach, was low
or very low for all comparisons. The main limitations were
imprecision due to very small sample sizes, risk of bias, and
inconsistency.

In addition to the low quality of the included articles, this
review has several limitations. First, the studies we included
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may exhibit a certain degree of heterogeneity in terms of
interventions. In some studies, the effects of AO +MI might
be influenced by other concurrent therapeutic approaches,
such as mirror therapy or graded motor imagery. For instance,
in the study by Ietswaart et al [42], in addition to the 30-
minute AO+MI intervention, each session also included an
additional 10 minutes of active motor imagery and 5 minutes
of a certain implicit form of motor imagery activity. This
multicomponent intervention approach may mean that the
observed therapeutic effects cannot be entirely attributed to
pure AO+MI, potentially affecting the results of this study in
the overall analysis. Second, there are a few included articles,
and most are small sample studies, thus limiting the reliability
of the research conclusions. Third, we only searched and
reviewed articles in English; publications in other languages
may have been missed. Fourth, the absence of standardized
intervention protocols and variation in outcome assessment
tools across the included studies complicates direct compari-
sons and meaningful synthesis of the findings. In addition,
significant heterogeneity was observed in the meta-analy-
sis results. Consequently, the results should be interpreted
cautiously.

Dorsch et al 2024 [55] meta-analysis explored the
effect of adding nonstimulation-based priming prior to
task-specific practice on activity and motor impairment
outcomes compared with task-specific practice alone in stroke
rehabilitation, searching for manuscripts up to March 2019.
This review included 2 trials investigating the impact of
AO+MI on activity outcomes in patients after stroke, and
the results did not show a significant improvement effect of
AO+MI. The reason for the inconsistency with our findings
might be that Dorsch et al [55] compared the postinterven-
tion scores between the conventional group and the AO+MI
group, whereas our study compared the pre-post differences
of the 2 groups.

Lin et al [56] systematic review included 9 studies
investigating the effects of AO+MI on upper limb func-
tion in patients with stroke, and the results demonstrated
that AO+MI significantly improves upper limb function in
participants. Our study differs from Lin et al [56] review in
several key aspects. First, our study adopted broader inclusion
criteria, examining not only upper extremity function but
also lower extremity function, overall motor function, and
activities of daily living, thereby addressing a wider range
of clinical outcomes. As a result, the set of included studies
differs somewhat from that in Lin et al [56] review. Second,
this study conducted separate meta-analyses according to the
type of control group (conventional intervention, MI alone,
or AO alone), thereby minimizing heterogeneity introduced
by differences in control conditions, enhancing the preci-
sion of the findings, and offering more specific guidance
for clinical practice. In addition, this study incorporated
a network meta-analysis to compare the effectiveness of
2 AO+MI integration modes—synchronous versus asynchro-
nous—on upper extremity function after stroke. Therefore,
although there are overlapping findings, this study and Lin et
al [56] review can complement each other and reinforce key
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conclusions, serving the valuable purpose of replication and efficacy for improving ADL, nor demonstrates differential
strengthening the evidence base. effects between synchronous and asynchronous application
. modes on poststroke limb function. The quality of GRADE-
Conclusions based evidence in this review varied from low to very
This systematic review and meta-analysis examined the low, due to the high risk of bias and small sample sizes.
effects of AO+MI on motor function in patients with stroke. ~Consequently, large-scale randomized controlled trials with
Our results found that AO+MI can improve the motor rigorous methodology are imperative to establish definitive
function compared to routine rehabilitation, AO, or MI. clinical recommendations.

Furthermore, no conclusive evidence supports AO+MI’s

Acknowledgments

This work was supported by the Research Projects of “Clinical Medicine + X” Research Center, Air Force Medical University
(LHJJ24HLO2 and LHJJ24HLO7) and the Project of National Natural Science Foundation of China (General Program:;
72574232).

Authors’ Contributions

NC and SP conceived the study and developed the protocol. SP and NC developed and performed the search strategy together.
SP, LX, and ZX carried out the study selection, data extraction, and quality assessment. HM, LX, and ZX performed data
analysis. All authors reviewed and edited the manuscript and approved the final version of the manuscript.

Conflicts of Interest
None declared.

Checklist 1

PRISMA checklist.
[DOCX File (Microsoft Word File), 30 KB-Checklist 1]

References

1. Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet. May 14, 2011;377(9778):1693-1702. [doi: 10.1016/
S0140-6736(11)60325-5] [Medline: 21571152]

2. O’Dell MW, Lin CCD, Harrison V. Stroke rehabilitation: strategies to enhance motor recovery. Annu Rev Med.
2009;60:55-68. [doi: 10.1146/annurev.med.60.042707.104248] [Medline: 18928333]

3. Einstad MS, Saltvedt I, Lydersen S, et al. Associations between post-stroke motor and cognitive function: a cross-
sectional study. BMC Geriatr. Feb 5, 2021;21(1):103. [doi: 10.1186/s12877-021-02055-7] [Medline: 33546620]

4. Ullberg T, Zia E, Petersson J, Norrving B. Changes in functional outcome over the first year after stroke: an
observational study from the Swedish stroke register. Stroke. Feb 2015;46(2):389-394. [doi: 10.1161/STROKEAHA.
114.006538] [Medline: 25538204]

5.  Eaves DL, Hodges NJ, Buckingham G, Buccino G, Vogt S. Enhancing motor imagery practice using synchronous action
observation. Psychol Res. Sep 2024;88(6):1891-1907. [doi: 10.1007/s00426-022-01768-7] [Medline: 36574019]

6.  Silva S, Borges LR, Santiago L, Lucena L, Lindquist AR, Ribeiro T. Motor imagery for gait rehabilitation after stroke.
Cochrane Database Syst Rev. Sep 24, 2020;9(9):CD013019. [doi: 10.1002/14651858.CD013019.pub2] [Medline:
32970328

7.  Chong BWX, Stinear CM. Modulation of motor cortex inhibition during motor imagery. J Neurophysiol. Apr 1,
2017;117(4):1776-1784. [doi: 10.1152/jn.00549.2016] [Medline: 28123007]

8. Shironouchi F, Ohtaka C, Mizuguchi N, Kato K, Kakigi R, Nakata H. Remote effects on corticospinal excitability during
motor execution and motor imagery. Neurosci Lett. Aug 10,2019;707:134284. [doi: 10.1016/j.neulet.2019.134284]
[Medline: 31125583]

9. Wright DJ, Wood G, Franklin ZC, Marshall B, Riach M, Holmes PS. Directing visual attention during action observation
modulates corticospinal excitability. PLoS One. 2018;13(1):e0190165. [doi: 10.1371/journal.pone.0190165] [Medline:
29304044]

10. Kodama M, Iwama S, Morishige M, Ushiba J. Thirty-minute motor imagery exercise aided by EEG sensorimotor rhythm
neurofeedback enhances morphing of sensorimotor cortices: a double-blind sham-controlled study. Cereb Cortex. May
24,2023;33(11):6573-6584. [doi: 10.1093/cercor/bhac525] [Medline: 36600612]

11.  Mizuguchi N, Kanosue K. Changes in brain activity during action observation and motor imagery: their relationship with
motor learning. Prog Brain Res. 2017;234:189-204. [doi: 10.1016/bs.pbr.2017.08.008] [Medline: 29031463]

12. Rocca MA, Meani A, Fumagalli S, et al. Functional and structural plasticity following action observation training in
multiple sclerosis. Mult Scler. Oct 2019;25(11):1472-1487. [doi: 10.1177/1352458518792771]

https://rehab . jmir.org/2025/1/e75705 JMIR Rehabil Assist Technol2025 | vol. 12 175705 | p. 19
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=rehab_v12i1e75705_app1.docx
https://jmir.org/api/download?alt_name=rehab_v12i1e75705_app1.docx
https://doi.org/10.1016/S0140-6736(11)60325-5
https://doi.org/10.1016/S0140-6736(11)60325-5
http://www.ncbi.nlm.nih.gov/pubmed/21571152
https://doi.org/10.1146/annurev.med.60.042707.104248
http://www.ncbi.nlm.nih.gov/pubmed/18928333
https://doi.org/10.1186/s12877-021-02055-7
http://www.ncbi.nlm.nih.gov/pubmed/33546620
https://doi.org/10.1161/STROKEAHA.114.006538
https://doi.org/10.1161/STROKEAHA.114.006538
http://www.ncbi.nlm.nih.gov/pubmed/25538204
https://doi.org/10.1007/s00426-022-01768-7
http://www.ncbi.nlm.nih.gov/pubmed/36574019
https://doi.org/10.1002/14651858.CD013019.pub2
http://www.ncbi.nlm.nih.gov/pubmed/32970328
https://doi.org/10.1152/jn.00549.2016
http://www.ncbi.nlm.nih.gov/pubmed/28123007
https://doi.org/10.1016/j.neulet.2019.134284
http://www.ncbi.nlm.nih.gov/pubmed/31125583
https://doi.org/10.1371/journal.pone.0190165
http://www.ncbi.nlm.nih.gov/pubmed/29304044
https://doi.org/10.1093/cercor/bhac525
http://www.ncbi.nlm.nih.gov/pubmed/36600612
https://doi.org/10.1016/bs.pbr.2017.08.008
http://www.ncbi.nlm.nih.gov/pubmed/29031463
https://doi.org/10.1177/1352458518792771
https://rehab.jmir.org/2025/1/e75705

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Sun et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Almufareh MF, Kausar S, Humayun M, Tehsin S. Leveraging motor imagery rehabilitation for individuals with
disabilities: a review. Healthcare (Basel). Sep 29,2023;11(19):2653. [doi: 10.3390/healthcare11192653] [Medline:
37830690]

Castro F, Schenke KC. Augmented action observation: theory and practical applications in sensorimotor rehabilitation.
Neuropsychol Rehabil. Oct 2024;34(9):1327-1346. [doi: 10.1080/09602011.2023.2286012] [Medline: 38117228]
Barclay RE, Stevenson TJ, Poluha W, Semenko B, Schubert J. Mental practice for treating upper extremity deficits in
individuals with hemiparesis after stroke. Cochrane Database Syst Rev. May 25, 2020;5(5):CD005950. [doi: 10.1002/
14651858.CD005950.pub5] [Medline: 32449959]

Borges LR, Fernandes AB, Oliveira Dos Passos J, Rego IAO, Campos TF. Action observation for upper limb
rehabilitation after stroke. Cochrane Database Syst Rev. Aug 5, 2022;8(8):CD011887. [doi: 10.1002/14651858.
CDO011887.pub3] [Medline: 35930301]

Peng TH, Zhu JD, Chen CC, Tai RY, Lee CY, Hsieh YW. Action observation therapy for improving arm function,
walking ability, and daily activity performance after stroke: a systematic review and meta-analysis. Clin Rehabil. Aug
2019;33(8):1277-1285. [doi: 10.1177/0269215519839108] [Medline: 30977387]

Vogt S, Di Rienzo F, Collet C, Collins A, Guillot A. Multiple roles of motor imagery during action observation. Front
Hum Neurosci. Nov 25, 2013;7:807. [doi: 10.3389/fnhum.2013.00807] [Medline: 24324428]

Eaves DL, Riach M, Holmes PS, Wright DJ. Motor imagery during action observation: a brief review of evidence, theory
and future research opportunities. Front Neurosci. 2016;10:514. [doi: 10.3389/fnins.2016.00514] [Medline: 27917103]
Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP. Neural correlates of action: comparing meta-analyses of imagery,
observation, and execution. Neurosci Biobehav Rev. Nov 2018;94:31-44. [doi: 10.1016/j.neubiorev.2018.08.003]
[Medline: 30098990]

Chye S, Valappil AC, Wright DJ, et al. The effects of combined action observation and motor imagery on corticospinal

excitability and movement outcomes: two meta-analyses. Neurosci Biobehav Rev. Dec 2022;143:104911. [doi: 10.1016/
j.neubiorev.2022.104911] [Medline: 36349570]

Aoyama T, Kaneko F, Kohno Y. Motor imagery combined with action observation training optimized for individual
motor skills further improves motor skills close to a plateau. Hum Mov Sci. Oct 2020;73:102683. [doi: 10.1016/j.humoyv.
2020.102683] [Medline: 32949991]

Sarasso E, Agosta F, Piramide N, et al. Action observation and motor imagery improve dual task in Parkinson’s disease:
a clinical/fMRI study. Mov Disord. Nov 2021;36(11):2569-2582. [doi: 10.1002/mds.28717] [Medline: 34286884]
Marusic U, Grosprétre S, Paravlic A, Kovac¢ S, PiSot R, Taube W. Motor imagery during action observation of locomotor
tasks improves rehabilitation outcome in older adults after total hip arthroplasty. Neural Plast. 2018;2018:5651391. [doi:
10.1155/2018/5651391] [Medline: 29755513]

Lahuerta-Martin S, Ceballos-Laita L, Jiménez-Del-Barrio S, Llamas-Ramos R, Llamas-Ramos I, Mingo-Gémez MT.
The effectiveness of action observation and motor imagery in freezing of gait, speed, physical function and balance in
Parkinson’s disease: a systematic review and meta-analysis. Physiother Theory Pract. Jun 2025;41(6):1297-1315. [doi:
10.1080/09593985.2024.2404600] [Medline: 39298350]

Fuchshofer K, Merz C, Denecke K, Schuster-Amft C. Intervention platform for action observation and motor imagery
training after stroke: usability test. Stud Health Technol Inform. May 16, 2022;292:71-74. [doi: 10.3233/SHT1220324]
[Medline: 35575851]

Wang Z, Yang L, Wang M, et al. Motor imagery and action observation induced electroencephalographic activations to
guide subject-specific training paradigm: a pilot study. IEEE Trans Neural Syst Rehabil Eng. 2023;31:2457-2467. [doi:
10.1109/TNSRE.2023.3275572]

Moreno-Verdd M, Hamoline G, Van Caenegem EE, et al. Guidelines for reporting action simulation studies (GRASS):
proposals to improve reporting of research in motor imagery and action observation. Neuropsychologia. Jan 10,
2024;192:108733. [doi: 10.1016/j.neuropsychologia.2023.108733] [Medline: 37956956]

Azaad S, Sebanz N. Potential benefits of synchronous action observation and motor imagery: a commentary on Eaves et
al. 2022. Psychol Res. Sep 2024;88(6):1908-1910. [doi: 10.1007/s00426-023-01895-9]

Romano-Smith S, Roberts JW, Wood G, Coyles G, Wakefield CJ. Simultaneous and alternate combinations of action-
observation and motor imagery involve a common lower-level sensorimotor process. Psychol Sport Exerc. Nov
2022;63:102275. [doi: 10.1016/j.psychsport.2022.102275]

Wright DJ, Holmes PS. Synchronous action observation and motor imagery may not always represent the optimal form
of action simulation: a commentary on Eaves et al. (2022). Psychol Res. Sep 2024;88(6):1918-1920. [doi: 10.1007/
s00426-023-01894-w] [Medline: 37938461]

Follmann D, Elliott P, Suh I, Cutler J. Variance imputation for overviews of clinical trials with continuous response. J
Clin Epidemiol. Jul 1992;45(7):769-773. [doi: 10.1016/0895-4356(92)90054-q] [Medline: 1619456]

https://rehab.jmir.org/2025/1/e75705 JMIR Rehabil Assist Technol2025 | vol. 12 175705 | p. 20

(page number not for citation purposes)


https://doi.org/10.3390/healthcare11192653
http://www.ncbi.nlm.nih.gov/pubmed/37830690
https://doi.org/10.1080/09602011.2023.2286012
http://www.ncbi.nlm.nih.gov/pubmed/38117228
https://doi.org/10.1002/14651858.CD005950.pub5
https://doi.org/10.1002/14651858.CD005950.pub5
http://www.ncbi.nlm.nih.gov/pubmed/32449959
https://doi.org/10.1002/14651858.CD011887.pub3
https://doi.org/10.1002/14651858.CD011887.pub3
http://www.ncbi.nlm.nih.gov/pubmed/35930301
https://doi.org/10.1177/0269215519839108
http://www.ncbi.nlm.nih.gov/pubmed/30977387
https://doi.org/10.3389/fnhum.2013.00807
http://www.ncbi.nlm.nih.gov/pubmed/24324428
https://doi.org/10.3389/fnins.2016.00514
http://www.ncbi.nlm.nih.gov/pubmed/27917103
https://doi.org/10.1016/j.neubiorev.2018.08.003
http://www.ncbi.nlm.nih.gov/pubmed/30098990
https://doi.org/10.1016/j.neubiorev.2022.104911
https://doi.org/10.1016/j.neubiorev.2022.104911
http://www.ncbi.nlm.nih.gov/pubmed/36349570
https://doi.org/10.1016/j.humov.2020.102683
https://doi.org/10.1016/j.humov.2020.102683
http://www.ncbi.nlm.nih.gov/pubmed/32949991
https://doi.org/10.1002/mds.28717
http://www.ncbi.nlm.nih.gov/pubmed/34286884
https://doi.org/10.1155/2018/5651391
http://www.ncbi.nlm.nih.gov/pubmed/29755513
https://doi.org/10.1080/09593985.2024.2404600
http://www.ncbi.nlm.nih.gov/pubmed/39298350
https://doi.org/10.3233/SHTI220324
http://www.ncbi.nlm.nih.gov/pubmed/35575851
https://doi.org/10.1109/TNSRE.2023.3275572
https://doi.org/10.1016/j.neuropsychologia.2023.108733
http://www.ncbi.nlm.nih.gov/pubmed/37956956
https://doi.org/10.1007/s00426-023-01895-9
https://doi.org/10.1016/j.psychsport.2022.102275
https://doi.org/10.1007/s00426-023-01894-w
https://doi.org/10.1007/s00426-023-01894-w
http://www.ncbi.nlm.nih.gov/pubmed/37938461
https://doi.org/10.1016/0895-4356(92)90054-q
http://www.ncbi.nlm.nih.gov/pubmed/1619456
https://rehab.jmir.org/2025/1/e75705

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Sun et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Higgins JPT, Altman DG, Ggtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. Oct 18, 2011;343:d5928. [doi: 10.1136/bmj.d5928] [Medline: 22008217]

Cochrane Handbook for Systematic Reviews of Interventions. Cochrane; URL: https://training.cochrane.org/handbook/
current [Accessed 2023-12-29]

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and the size of a sample.
BMC Med Res Methodol. Apr 20, 2005;5(13):15840177. [doi: 10.1186/1471-2288-5-13] [Medline: 15840177]

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. Jun 15,2002;21(11):1539-1558.
[doi: 10.1002/sim.1186] [Medline: 12111919]

Salanti G, Ades AE, Ioannidis JPA. Graphical methods and numerical summaries for presenting results from multiple-
treatment meta-analysis: an overview and tutorial. J Clin Epidemiol. Feb 2011;64(2):163-171. [doi: 10.1016/j.jclinepi.
2010.03.016] [Medline: 20688472]

Assis GA de, Corréa AGD, Martins MBR, Pedrozo WG, Lopes R de D. An augmented reality system for upper-limb
post-stroke motor rehabilitation: a feasibility study. Disabil Rehabil Assist Technol. Aug 2016;11(6):521-528. [doi: 10.
3109/17483107.2014.979330] [Medline: 25367103]

Cho HY, Kim JS, Lee GC. Effects of motor imagery training on balance and gait abilities in post-stroke patients: a
randomized controlled trial. Clin Rehabil. Aug 2013;27(8):675-680. [doi: 10.1177/0269215512464702] [Medline:
23129815]

Choi JB, Yang SW, Ma SR. The effect of action observation combined with motor imagery training on upper extremity
function and corticospinal excitability in stroke patients: a randomized controlled trial. Int J Environ Res Public Health.
Sep 23,2022;19(19):12048. [doi: 10.3390/ijerph191912048] [Medline: 36231353]

Green TM, Fromm NM, Gayle FS, Lee J, Wang W, Vas AK. Examining the delivery mode of mental practice in
reducing hemiparesis: a randomized controlled trial. Open J Occup Ther. 2023;11(4):1-9. [doi: 10.15453/2168-6408.
2149]

Ietswaart M, Johnston M, Dijkerman HC, et al. Mental practice with motor imagery in stroke recovery: randomized
controlled trial of efficacy. Brain (Bacau). May 2011;134(Pt 5):1373-1386. [doi: 10.1093/brain/awr077] [Medline:
21515905]

Kim H, Yoo EY, Jung MY, Kim J, Park JH, Kang DH. The effects of mental practice combined with modified
constraint-induced therapy on corticospinal excitability, movement quality, function, and activities of daily living in
persons with stroke. Disabil Rehabil. Oct 2018;40(20):2449-2457. [doi: 10.1080/09638288.2017.1337817] [Medline:
28597693]

Lee D, Roh H, Park J, Lee S, Han S. Drinking behavior training for stroke patients using action observation and practice
of upper limb function. J Phys Ther Sci. May 2013;25(5):611-614. [doi: 10.1589/jpts.25.611] [Medline: 24259813]

Lee G, Song C,Lee Y, Cho H, Lee S. Effects of motor imagery training on gait ability of patients with chronic stroke. J
Phys Ther Sci. 2011;23(2):197-200. [doi: 10.1589/jpts.23.197]

Nam JS, Yi TI, Moon HI. Effects of adjuvant mental practice using inverse video of the unaffected upper limb in
subacute stroke: a pilot randomized controlled study. Int J Rehabil Res. Dec 2019;42(4):337-343. [doi: 10.1097/MRR.
0000000000000368] [Medline: 31464811]

Page SJ, Levine P. Multimodal mental practice versus repetitive task practice only to treat chronic stroke: a randomized
controlled pilot study. Am J Occup Ther. Nov 1,2021;75(6):34817599. [doi: 10.5014/ajot.2021.044925] [Medline:
34817599]

Rungsirisilp N, Chaiyawat P, Techataweesub S, Meesrisuk A, Wongsawat Y. Applying action observation during a
brain-computer interface on upper limb recovery in chronic stroke patients. IEEE Access. 2023;11:4931-4943. [doi: 10.
1109/ACCESS.2023.3236182]

Sui YF, Cui ZH, Song ZH, et al. Effects of trunk training using motor imagery on trunk control ability and balance
function in patients with stroke. BMC Sports Sci Med Rehabil. Oct 26, 2023;15(1):142. [doi: 10.1186/s13102-023-
00753-w] [Medline: 37884964]

Sun Y, Wei W, Luo Z, Gan H, Hu X. Improving motor imagery practice with synchronous action observation in stroke
patients. Top Stroke Rehabil. Aug 2016;23(4):245-253. [doi: 10.1080/10749357.2016.1141472] [Medline: 27077982]
Attribution 4.0 international (CC BY 4.0). Creative Commons. URL: https://creativecommons.org/licenses/by/4.0/
[Accessed 2025-10-22]

Kleim JA, Jones TA. Principles of experience-dependent neural plasticity: implications for rehabilitation after brain
damage. J Speech Lang Hear Res. Feb 2008;51(1):S225-39. [doi: 10.1044/1092-4388(2008/018)] [Medline: 18230848]
Nedelko V, Hassa T, Hamzei F, Schoenfeld MA, Dettmers C. Action imagery combined with action observation

activates more corticomotor regions than action observation alone. J Neurol Phys Ther. Dec 2012;36(4):182-188. [doi:
10.1097/NPT.0b013e318272cad 1] [Medline: 23095902]

https://rehab.jmir.org/2025/1/e75705 JMIR Rehabil Assist Technol2025 | vol. 12 175705 | p. 21

(page number not for citation purposes)


https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.1186/1471-2288-5-13
http://www.ncbi.nlm.nih.gov/pubmed/15840177
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1016/j.jclinepi.2010.03.016
https://doi.org/10.1016/j.jclinepi.2010.03.016
http://www.ncbi.nlm.nih.gov/pubmed/20688472
https://doi.org/10.3109/17483107.2014.979330
https://doi.org/10.3109/17483107.2014.979330
http://www.ncbi.nlm.nih.gov/pubmed/25367103
https://doi.org/10.1177/0269215512464702
http://www.ncbi.nlm.nih.gov/pubmed/23129815
https://doi.org/10.3390/ijerph191912048
http://www.ncbi.nlm.nih.gov/pubmed/36231353
https://doi.org/10.15453/2168-6408.2149
https://doi.org/10.15453/2168-6408.2149
https://doi.org/10.1093/brain/awr077
http://www.ncbi.nlm.nih.gov/pubmed/21515905
https://doi.org/10.1080/09638288.2017.1337817
http://www.ncbi.nlm.nih.gov/pubmed/28597693
https://doi.org/10.1589/jpts.25.611
http://www.ncbi.nlm.nih.gov/pubmed/24259813
https://doi.org/10.1589/jpts.23.197
https://doi.org/10.1097/MRR.0000000000000368
https://doi.org/10.1097/MRR.0000000000000368
http://www.ncbi.nlm.nih.gov/pubmed/31464811
https://doi.org/10.5014/ajot.2021.044925
http://www.ncbi.nlm.nih.gov/pubmed/34817599
https://doi.org/10.1109/ACCESS.2023.3236182
https://doi.org/10.1109/ACCESS.2023.3236182
https://doi.org/10.1186/s13102-023-00753-w
https://doi.org/10.1186/s13102-023-00753-w
http://www.ncbi.nlm.nih.gov/pubmed/37884964
https://doi.org/10.1080/10749357.2016.1141472
http://www.ncbi.nlm.nih.gov/pubmed/27077982
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1044/1092-4388(2008/018)
http://www.ncbi.nlm.nih.gov/pubmed/18230848
https://doi.org/10.1097/NPT.0b013e318272cad1
http://www.ncbi.nlm.nih.gov/pubmed/23095902
https://rehab.jmir.org/2025/1/e75705

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Sun et al

54.

55.

56.

Kaneko N, Yokoyama H, Masugi Y, Watanabe K, Nakazawa K. Phase dependent modulation of cortical activity during
action observation and motor imagery of walking: an EEG study. Neuroimage. Jan 15, 2021;225(117486):117486. [doi:
10.1016/j.neuroimage.2020.117486] [Medline: 33164857]

Dorsch S, Nicholson V, Roman E, Fanayan E, Chagpar S. Motor imagery priming improves activity and impairment
outcomes in people after stroke but the effects of other types of priming are unclear: a systematic review. J Physiother.
Oct 2024;70(4):275-287. [doi: 10.1016/j.jphys.2024.08.007] [Medline: 39327180]

Lin D, Eaves DL, Franklin JD, Robinson JR, Binks JA, Emerson JR. Combined action observation and motor imagery

practice for upper limb recovery following stroke: a systematic review and meta-analysis. Front Neurol.
2025;16:1567421. [doi: 10.3389/fneur.2025.1567421] [Medline: 40771975]

Abbreviations

ADL: activities of daily living

AQ: action observation

AO+MI: action observation combined with motor imagery

ARAT: Action Research Arm Test

BOLD: blood oxygen level dependent

FIM: Functional Independence Measure

FMA: Fugl-Meyer assessment

FMA-LE: Fugl-Meyer assessment lower extremity

FMA-UE: Fugl-Meyer assessment of upper extremity

GRADE: Grading of Recommendations Assessment, Development and Evaluation
MAL: Motor Activity Log

MeSH: Medical Subject Headings

MI: motor imagery

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RoB: Cochrane Risk of Bias tool

SMD: standardized mean difference

SUCRA: surface under the cumulative ranking curve

Edited by Alfonso Mastropietro; peer-reviewed by Claudio Cordani, Daniel L Eaves, Hewei Wang; submitted 09.Apr.2025;
final revised version received 10.Sep.2025; accepted 10.Sep.2025; published 27.0ct.2025

Please cite as:

Sun P, Liang X, Zhang X, Huang M, Zhang X, Ni C

Action Observation Combined With Motor Imagery Training to Improve Motor Function in People With Stroke: Systematic
Review and Meta-Analysis

JMIR Rehabil Assist Technol2025,12:¢75705

URL: https://rehab jmir.org/2025/1/e75705

doi: 10.2196/75705

© Pei Sun, Xiao Liang, Xin Zhang, Mei Huang, Xiao Zhang, Chunping Ni. Originally published in JMIR Rehabilitation
and Assistive Technology (https://rehab.jmir.org), 27.0ct.2025. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Rehabilitation and
Assistive Technology, is properly cited. The complete bibliographic information, a link to the original publication on https://
rehab.jmir.org/, as well as this copyright and license information must be included.

https://rehab jmir.org/2025/1/e75705 JMIR Rehabil Assist Technol2025 | vol. 12 175705 | p. 22

(page number not for citation purposes)


https://doi.org/10.1016/j.neuroimage.2020.117486
http://www.ncbi.nlm.nih.gov/pubmed/33164857
https://doi.org/10.1016/j.jphys.2024.08.007
http://www.ncbi.nlm.nih.gov/pubmed/39327180
https://doi.org/10.3389/fneur.2025.1567421
http://www.ncbi.nlm.nih.gov/pubmed/40771975
https://rehab.jmir.org/2025/1/e75705
https://doi.org/10.2196/75705
https://rehab.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://rehab.jmir.org/
https://rehab.jmir.org/
https://rehab.jmir.org/2025/1/e75705

	Action Observation Combined With Motor Imagery Training to Improve Motor Function in People With Stroke: Systematic Review and Meta-Analysis
	Introduction
	Methods
	Overview
	Search Strategy
	Inclusion Criteria and Exclusion Criteria
	Study Selection and Data Extraction
	Risk of Bias and Certainty of the Evidence
	Data Analysis

	Results
	Study Selection and Characteristics
	Risk of Bias and Certainty of the Evidence
	Outcomes

	Discussion
	Principal Findings
	Conclusions



