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Abstract: The purpose of this review was to evaluate and examine the current best evidence 
for the effectiveness of action observation therapy on upper limb function rehabilitation in 
children with hemiplegic cerebral palsy. A comprehensive search of literature published 
between September 2010 and May 2020 was conducted using the following electronic 
databases: PubMed, Google Scholar, the Physiotherapy Evidence Database (PEDro), 
EMBASE, Cochrane library, and Scopus. Only randomized controlled trials evaluating the 
effect of action observation therapy on upper limb motor function in children with hemi
plegic cerebral palsy were included. PEDro scale was used to assess the risk of bias of 
included trials. This study was reported according to the guideline of the PRISMA statement. 
The overall methodological quality of the studies was done using the PEDro scale and 
GRADE approach. The primary outcome measures of this review were the Melbourne 
Assessment Scale, Assisting Hand Assessment scale to evaluate physical function and 
structures. Furthermore, the ABILHAND-Kids test, and Box and Block Test primary out
come measures were used to determine the subjects’ activities and participation. Nine 
randomized controlled trials involving 234 participants were analyzed. The overall quality 
of evidence was rated from moderate to high. This review suggests action observation 
therapy was found to be a promising intervention for upper limb rehabilitation in children 
with cerebral palsy. 
Keywords: action observation training, hemiplegic CP, upper extremity motor function, 
systematic review

Introduction
Cerebral palsy (CP) is a set of permanent movement and posture disorders that 
causes restriction of activities in the fetal or newborn brain.1 It is a major leading 
cause of disabilities in childhood with a prevalence of 2.1 per 1000 live births,2,3 

and children with unilateral cerebral palsy (UCP) accounts for 39% of the general 
CP population.3,4

Often, movement deficits include poor coordination, muscle weakness, tremors, 
sensory deficits, poor perception, and severe difficulties with a concentration in 
children with CP.1,5 These great burdens of health problems may be associated with 
restricted motor skills and activities of daily living, such as reaching and grasping, 
which have a significant impact on their upper limb motor function.1,5-7
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Nowadays, numerous goal-directed therapeutic 
approaches have been used to enhance upper limb func
tion, including constraint-induced movement therapy 
(CIMT), hand-arm bimanual intensive therapy (HABIT), 
intramuscular botulin toxin combined with therapeutic 
training, and action observation therapy (AOT).8–10 

Among these, AOT has recently gained great attention in 
improving upper limb function.11

AOT is a novel rehabilitation technique, which involves 
observation of purposeful actions with the intention to imitate 
and then performing those actions.12,13 Often time, it is usually 
described as the patient being asked to carefully observe 
actions presented through a video-clip or performed by an 
operator, in order to imitate, try, and execute them after 
observation.14 This may include the mirror neuron system 
(MNS) processes on the upper limb function resulting from 
the observation of actions (new motor skills) and actual execu
tion of similar neural structures.15–17 Current evidence18–20 

reported that AOT is becoming the latest treatment option 
among other interventions for children with UCP on upper 
limb function and their activities of daily living. Previous 
reviews have been limited to investigating AOT effectiveness 
on upper and lower limb rehabilitation in both neurological 
and orthopedic disorders,11 patients with stroke and brain 
injuries,21–23 limb pain,24 and in Parkinson disease.25

However, despite the volume of our understanding, 
there is a dearth of current scientific evidence evaluating 
the efficacy of AOT on upper limb functions, particularly 
in children with UCP in a systematic way. Given these 
gaps, there is a need to perform a systematic evaluation to 
investigate the current scientific evidence on AOT clinical 
worthiness with high quality randomized controlled trials. 
Therefore, the purpose of this review was aimed to address 
the clinical research question about the effectiveness of 
AOT on upper limb function in children with unilateral CP.

Methods
Design
This systematic review was performed and reported in 
accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.26

Search Strategy
A literature search was performed to recognize all quali
fied randomized controlled trials. The literature search was 
conducted using the following databases: PubMed, Google 

scholar, Cochrane library, Scopus, CINAHL, AMED, 
PEDro, and EMBASE. The terms used to search the lit
erature were: “Action observation training” OR “Action 
observation treatment” OR “Action Observation Therapy” 
AND “upper limb functions” OR “movement execution” 
OR “physical training” AND “unilateral cerebral palsy” 
OR “hemiplegic/hemiplegia cerebral palsy” OR “cerebral 
palsy” AND “randomized clinical trial” (Appendix). The 
retrieval of the studies for the published articles was set for 
the period of September 2010 to May 2020. Manual 
searches of the reference list of included articles were 
also performed.

Eligibility Criteria
The studies were included if they met the following estab
lished inclusion criteria: 1) population/participants: children 
with unilateral cerebral palsy; 2) intervention: intervention 
groups received AOT and/or combined with constraint- 
induced movement therapy; 3) comparison: control groups 
received sham AOT/repetitive physical training; 4) out
comes: physical function and structure, activities and parti
cipation. All randomized control trials (RCT) performed to 
evaluate the efficacy of AOT on UCP survivors were 
included in this review. Studies in which the addition of 
AOT over other conventional interventions (experimental 
group) compared with other interventions only (control 
group) were also included. Only full-length articles reported 
in English were included. This review excluded observa
tional studies, quasi-experimental studies, conference 
abstracts, and RCTs which include healthy children, children 
with stroke, and traumatic brain injuries.

Study Selection
Two reviewers (H.M, A.A) independently screened papers 
from the identified lists on the basis of title/abstract, based on 
the determined inclusion standards. The studies have been 
retrieved in detail by means of methodological quality and 
data extraction tools. Reference lists of recognized studies 
have been manually searched for extra RCTs. The duplicated 
articles were eliminated. Eligible papers have been collected 
in complete-textual content, independently screened by the 
same reviewers. The third reviewer (B.A) was there to 
resolve the disagreements among the two reviewers.

Risk of Bias in Individual Studies
The risk of bias of the included studies was independently 
assessed by two review authors (H.M and A.A) by using the 
Physiotherapy Evidence Database (PEDro) scale. The 
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methodological quality of each included study has been 
assessed using the PEDro scale.27,28 This tool comprises 
10 items with the first item (external validity of the article) 
quality assessments of controlled intervention study tool.26 

The following topics were assessed based on critical criteria: 
concealed assignment, intention-to-treat analysis, and ade
quate treatment follow-up. These characteristics make the 
PEDro scale a valuable apparatus to evaluate the methodo
logical quality of RCTs. This review considered trials with 
a score of 5 to 7 as moderate quality, and a score of ≥8 as 
high quality (Table 1). The overall quality of the evidence 
and strength recommendation was evaluated by using the 
GRADE approach.29 The GRADE approach specifies four 
levels of quality (high, moderate, low, and very low). The 
overall evidence was downgraded depending on the pre
sence of five factors: limitations (due to risk of bias); con
sistency of results; directness (eg, whether participants are 
similar to those about whom conclusions are drawn); preci
sion (ie, sufficient data to produce narrow confidence inter
vals); and other (eg, publication bias).

Data Extraction
Information extraction was done based on the data retrie
val template of the Cochrane Consumer and 
Communication Review Group. Two reviewers (H.M & 
A.A) extracted the data independently and the third author 
checked the extracted data. Disagreements were resolved 
by consensus among the two authors. If the two authors 
did not reach a consensus, the third author (B.A) was there 
to decide. The following data were extracted from each 
trial using PICOS standards: participant characteristics 
(sex, mean age, sample size, duration of the disease), the 
objective of the study, author name and year of publica
tion, PEDro score, follow-up time and intensity of the 
training, treatment outcomes (at baseline, follow-up, and 
end-of-treatment), type of treatment, study design, study 
results, and study conclusions (Table 2).

Results
Study Selection
A total of 2507 articles were identified from databases by 
the searching strategy. After adjusting for duplicates, 1882 
remained. After the title and abstract screening among 644 
studies, 594 studies were excluded. After full-text screen
ing out of 50 articles, 9 randomized controlled trials were 
included in this review (Figure 1).

Study Characteristics
The detailed descriptions, and characteristics of the 
included studies are summarized in Table 1. All nine 
randomized controlled trials, which focused on the effec
tiveness of AOT in the treatment of the upper limb func
tion of children with hemiplegic cerebral palsy, were 
included in the current systematic review.

Participants
All subjects who participated in individual studies had 
a clinical diagnosis of hemiplegic cerebral palsy (CP). The 
sample size ranged from 1030 to 59 participants.31 The mean 
age (SD) of participants ranged from 9.13 (2.36)32 to 9.48 
(2.12)20 years in experimental groups and 9.25 (3.15)32 to 
9.94 (3.15)20 years in controlled groups.

Interventions
Randomized controlled trials were included that assessed the 
effectiveness of AOT combined or not with mCIMT, compared 
with a comparison/control group; assessed sham/placebo AOT 
(watching videos of computer games and landscape photo
graphs with no specific motor content); and/routine conven
tional rehabilitation programs. The training durations were 
ranged from 20 minutes to 1 hour per session, 1 up to 5 times 
per week, for three weeks to six months.18,20,33 The character
istics of the intervention expressed as mean values (range) 
were: 12 min of AOT for each session (9–18); 4 min for each 
video; 10.7 min of observed action performance (3–36); 5 
sessions a week (3–7); the total duration of treatment=46.7 
days (9–180 days). In all studies, the control group performed 
the same actions as the experimental group for the same 
amount of time. All eight studies administered AOT through 
goal-directed videos with specific hand/arm motor skill con
tents and afterward, the participants were asked to execute the 
same action.18,20,30-34 Only one study involved home-based 
AOT with repeated practice,35 and two studies conducted 
combining AOT with mCIMT.31,33

Outcome Measures
The outcomes of individual studies were extracted from the 
following: physical function and structures, activities, and 
participation. The primary outcome measures of this systema
tic review were Melbourne Assessment Scale, ABILHAND- 
Kids test, Box and Block Test (BBT), and Assisting Hand 
Assessment scale (AHA) to evaluate the upper limb function 
of children with hemiplegic CP. Furthermore, the 
ABILHAND-Kids test and Box and Block Test (BBT) were 
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used to determine the subjects’ activities and participation. 
The secondary outcome measures of this review were 
WeeFIM, QUEST, and motor control parameters. Two trials 
utilized WeeFIM and QUEST, designed to evaluate functional 
independence, movement patterns, and hand function.30,32 

Five studies used the ABILHAND-Kids test to assess manual 
ability in children with CP,19,30,31,33,35 and two studies used 
BBT.32,36 Five studies used the Melbourne Assessment Scale 
to evaluate the physical function and structure of children with 
UCP.18,20,33-35 Similarly, another four studies performed 
a measure of upper limb motor function by using AHA.20,33-35

Risk of Bias Across Studies
Description of risk of bias within the individual studies 
and their rating is provided in Table 1. The PEDro score 
for all the included studies ranged from 6 to 8, with 
a mean score of 7. The quality assessment was performed 
in all included studies and the quality of evidence ranged 
between moderate to high. All included studies evaluated 

random allocation, baseline comparability, intention to 
treat analysis, point estimate, and variability, between- 
group comparisons. Only two studies20,35 assessed con
cealed allocation and, except one study,31 all included 
trials did not blind the therapist. The most prominent 
potential source of bias was related to blinding.

Effects of AOT on Body Function and 
Structure
Detailed extracted data on physical function and struc
ture, from each trial, has been summarized and presented 
in Table 2. Nine studies, with 234 individuals, supplied 
published treatment effects on the upper limb physical 
function and structure of children with UCP. Out of the 
nine trials, eight of them (n=175) confirmed that the 
body function of CP children was significantly improved 
in AOT groups as compared to the control groups in all 
outcome measures (AHA, MA2).18,20,30-34,36 However, 
only one study35 (n=59) reported the action observation 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram.Note: Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG, The 
PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 6(7): e1000097.37
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therapy had no significant improvement on the upper 
limb motor function compared to that of the control 
groups. Within the experimental intervention group, con
siderable improvement was found in upper limb function 
recovery in both outcome measures (AHA and MA2) at 
3 month tests.

Effects AOT on Activities and 
Participation
Out of included studies, seven of them, with 201 individuals 
with unilateral cerebral palsy proved that AOT has beneficial 
effects on the activities and participation. Their activities and 
participation were measured by using the ABILHAND-Kids 
test, BBT, WeeFIM, and QUEST whereby all outcome mea
sures indicated a significant improvement in the experimen
tal groups compared with the control groups in the activities 
and participation.20,30-32,36

Adverse Effect
The adverse effect of this intervention was not described in 
any included studies.

Discussion
The primary intention of this systematic review was to synthe
size and examine the effectiveness of action observation ther
apy on upper limb rehabilitation in children with hemiplegic 
CP. To this point, there had been no reviews that determine the 
effectiveness of the action observation therapy on upper limb 
function in children with hemiplegic CP in a systematic way. 
Interestingly, most of the included trials with moderate to high 
quality of evidence confirmed that AOT was effective on upper 
limb motor function for children with hemiplegic CP. 
However, all included studies did not blind the assessor, 
which leads to assessor bias and could affect the estimation 
of the treatment effect. The overall effect of AOT on children 
with hemiplegic CP survivors was evaluated among included 
studies. Its overall effects were assessed on the different dura
tions of intervention in children with UCP. The effect of AOT 
on physical function and structure was evaluated in all nine 
included studies. Likewise, of them seven studies evaluated 
AOT effects on activities and participation in subjects with 
hemiplegic CP. Eight studies confirmed that using AOT helps 
to improve physical function and structure, activities, and 
participation in children with hemiplegic CP.18,20,30-34,36 

However, in one study, AOT was not effective in upper limb 
motor function improvement.35 For instance, the study con
ducted by Sgandurra et al20 reported that AOT plus execution 

is more effective than execution alone in children with CP. 
Especially, the AHA scale and ABILHAND-Kids scores dif
fered significantly between the experimental and control 
groups. Similarly, Buccino et al18 observed the effects of 
AOT by comparing action practice after action observation 
and action practice alone in 15 children with CP (twelve 
hemiplegic and three with tetraplegia). They found that the 
mean Melbourne Assessment score increased significantly, 
from 86.87% to 94.25% in the AOT group. Conversely, 
Kirkpatrick et al35 found that home-based AOT and repeated 
practice did not improve the function of the upper limb more 
than repeated practice alone in children with CP. These possi
ble differences could be because low-intensity upper limb 
therapy can be delivered at home by parents, and children in 
the experimental group may not always have observed move
ments before performing them, because of poor attention or 
lack of parental emphasis. Nevertheless, a study done by Kim 
et al32 indicates that significant improvement was observed 
in upper limb motor functions in children with cerebral palsy 
on MAS, BBT, and ABILHAND-Kids in response to action 
observation physical training compared to simple physical 
training. This might be due to AOT considering motor imita
tion characteristics of the mirror neuron system (MNS) can 
positively affect neural rehabilitation that is related to enor
mous range neural networks,38 and their changes enhance the 
potential to perform activities.39 Despite this fact, there were 
no observed significant differences in WeeFIM between 
experimental and control groups. This could be due to the 
troublesome effect of measurement tools in the forms of inter
views and questionnaires, which leads to the sensitivity of 
subjects, and could not be evaluated easily.

The study done by Kim et al36 confirmed that live AOT is 
more effective than video AOT for improving UL movement 
acceleration and function. In addition, Buccino et al34 evi
denced that AOT plus execution is more effective than execu
tion alone in children with CP. They found improved upper 
limb motor function significantly in both scales (MUUL & 
AHA) compared to the control groups. The possible explana
tion is that the brain target of AOT is exactly in the hand motor 
area, possibly involved in executing actions as well as in their 
processing which helps individuals to code for the motor 
properties of objects and the implementation of the most 
appropriate actions to act upon objects.40

Simon-Martinez et al33 confirmed that a combination of 
mCIMT and AOT resulted in a shorter movement time during 
a reaching task compared to those who received mCIMT alone. 
This proves that the additional AOT intervention for hemiple
gic CP children on upper limb motor function was more 
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effective, as AOT may have facilitated the activation of their 
mirror neuron system through video observation. Similarly, 
Kim et al30 supported the beneficial effect of AOT in improv
ing grip strength and upper limb function in children with 
hemiplegic CP. A study conducted by Simon-Martinez et al31 

showed that the CIMT plus AOT group benefited more than 
the CIMT plus placebo group on the upper extremity function 
of children with CP and their daily living activities. However, 
AOT did not show an overall added effect on improving upper 
limb function in children with unilateral CP when combined 
with CIMT in an intensive training approach.

Taken as a whole, one study reported that AOT had no 
beneficial effect on upper limb motor function. Nevertheless, 
taking into account the results of eight studies, a more plausible 
explanation proved that AOT had a significant improvement 
on grip power, hand function, activities, and participation in 
activity of daily living in hemiplegic CP children in compar
ison to the control groups.

Limitations
This review had the following limitations: it included only 
English language articles. Hence, there might be a chance 
of missing articles published in non-English languages. 
Most of the include studies were not blinded to the assessor, 
which can lead to bias estimates of treatment effect. Due to 
the heterogeneity of included studies, a meta-analysis was 
not carried out.

Clinical Implication
The finding of this review suggested that AOT appears to 
result in improved outcomes on body function and structure, 
activities, and participation of children with CP. Medical 
choice-making should rely on the cognitive and perceptual 
ability of children concerning the age and accessibility of 
needed equipment for AOT in a resource-limited setting.

Conclusion
Taken together, these findings suggest action observation 
therapy was found to be a better rehabilitative intervention 
for upper limb rehabilitation to improve physical function and 
structure, activities, and participation of children with hemi
plegic CP than simple motor training. However, considerable 
attention must be paid when we use AOT for CP children, 
due to the severity of motor impairment, and cognitive status; 
further studies are needed to determine the optimal frequency, 
intensity, and time of AOT on these particular study subjects.
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