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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.
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Introduction
Cerebral palsy (CP) is a set of permanent movement and posture disorders that
causes restriction of activities in the fetal or newborn brain.' It is a major leading
cause of disabilities in childhood with a prevalence of 2.1 per 1000 live births,>?
and children with unilateral cerebral palsy (UCP) accounts for 39% of the general
CP popula‘ci<>n.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."** 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.'”’
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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, 8710

and action observation therapy (AOT).
Among these, AOT has recently gained great attention in
improving upper limb function."’

AOT is a novel rehabilitation technique, which involves
observation of purposeful actions with the intention to imitate
and then performing those actions.'*" 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.'* 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.'>'” Current evidence'® 2’
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,'' patients with stroke and brain
injuries,”"* limb pain,** and in Parkinson disease.”’

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

Reviews (PRISMA)

6

Systematic and Meta-Analyses

guidelines.”

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-
studies, quasi-experimental studies,
abstracts, and RCTs which include healthy children, children
with stroke, and traumatic brain injuries.

tional conference

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.”’® This tool comprises
10 items with the first item (external validity of the article)
quality assessments of controlled intervention study tool.*®
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.”” 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 (HM &
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 10°° to 59 participants.®’ The mean
age (SD) of participants ranged from 9.13 (2.36)*% to 9.48
(2.12)* years in experimental groups and 9.25 (3.15)* to
9.94 (3.15)*° 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.'®**** 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.'®2%3%3* Only one study involved home-based
AOT with repeated practice,”® and two studies conducted
combining AOT with mCIMT.*'-*

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-KIids test and Box and Block Test (BBT) were

Pediatric Health, Medicine and Therapeutics 2020:1 |

submit your manuscript

337

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Alamer et al

afeds

918J3POJ 91BJ9POJ 91BJI9POJY 93BJI9POJ 93BJI9POL| y3iH 91BJI9POJ y3iH y3iH yoeoudde th“:u

o1/ 019 01/9 0l/L 0l/L 01/8 019 01/8 01/8 | 0Ol 40 3Nn0 34005 |&30]

Aupqerrea

SOA SOA SOA SOA SOA SOA SOA SOA S\ pue s9JBWIISS UI0d

suostiedwod

SOA SOA SOA SOA SOA SOA SOA SOA S\ dnoug usamiag

sisAjeue

SOA SOA SOA SOA SOA SOA SOA SOA S\ 18941 03 UonuUA|

oN oN oN sap Sap sap oN sap Sap sJossasse pullg

sap sop sap oN Sap sap Sap sap sap dn-moj|o} arenbapy

OoN OoN OoN oN OoN OoN oN OoN oN sisidesays pug

oN oN oN sap oN oN oN oN SIA syuedion.ed pug

sap sap sap sap sap sap sap sap sap | Aujiqesedwod suijaseg

oN oN oN oN oN sap oN sap oN UONEJO||E P3[EadUOD)

SOA SOA SOA SOA SOA SOA SOA S\ S\ uoIIBdO||e Wopuey

SOA SOA ON SOA SOA SOA SO ON SSA 'lI9D ANIqiSI3
0¢020T 1£020T ‘e 3 ec610T ‘1232 | . 810T ‘& 32 9¢810T <c910T ‘12 32 2V 10T ‘1€ 39 0z€10T ‘1232 | 4, ,T10T ‘[e3°

‘wany| ‘zounJepy-uowis ZaunJep-uowis oudng ‘e 39 winy| prayedyany) wiry] Sunoj eainpuesg ouddng sw93| oug3d

s1DY Papnu| jo Juswssassy Ajend) [esiSojopoyialy | d1qeL

submit your manuseript Pediatric Health, Medicine and Therapeutics 2020:1 |

338

Dove


http://www.dovepress.com
http://www.dovepress.com

Alamer et al

Dove

(ponunuod)

dD Yum uaup|iyd ul sapiwa.axa Jaddn sy jo

MC_CO_UUCE 3yl uo duanjul m>_u_w0a e sey | QV eyl sajedipuj-
(L0F£0)sA (80 F I'1) LOV Ul WI4P3AA

PUE (9T F 9'1) 1d SA (0°E F £'€) LOV U SPH-ANVH1IGY
(61 F€7) Ld W sa (6T ¥ 8£) 1OV Ul 199 ‘(€0 ¥ T0-)

1d U sA (€0 F 9°0-) LOV U SYIW (50°0>d) dnous Suuren
[ed1sAyd aya Joy ueys dnoug Buluiess [edisAyd uoneasssqo

uonoe ay1 Joy uswanoaduwi aiow Apuesyiusis paresipul

sydea8oloyd adedspue| Suiaiasqo sy pIp

dnoug | JOV a3 se suonde swes ay3 pawopad dnoud | 4 :5D

Sujuiedy usye pue a4ojeq sdnoud ay3 usamiag uosiiedwo Jamod ‘uoIssas
“ldomawied) 4] aya 01 3uipaodde uonedidn.aed pue AAnde pue dsed- | Buiuresy ydea SuLINp UMOYS SJ9M SOBPIA OM] ‘Sjsel Jad saanuiw 91I'l FSTTOD ‘v/'0 F8ET O
suonouny Apoq ui paroadwi Apuesyiudis sem dnoad | OV aya ul WI499AA- 0| PUE pUB S9INUIWI DAI} OSPIA YD U0 'SHIIM § J0} Heam & | SDOJWD (S1°€) ST6 DD (9€77) €16 O :(AS) Jea4/o8e ues|y-
saniwa.axa Jaddn sy jo Suluonouny ays ‘dnoud AdessyroisAyd 1499- sAep € ‘SUOISSIS UIW-OE SA|9M] .10} sdij> OSpIA UO paAISsqo 8/8 (4/IW) x3s- 26V 10T ‘e 32
Y3 yam uosiiedwod Ul eyl pamoys Apnis siy3 Jo s3nsal dy | - SYIW- Aaya suonoe ay3 Suneads. paondedd @ | JOV PaARRI D] (8=u) 9D “(8=u) ‘97 :sauedpni.ed 2303 9|— wry| 3uno)
‘3ulues) Jolow jo [spow [ed13ojoisAydounau e
uo paseq yoeoudde uonejiqeyss mau e 3unsadans ‘ua.p|iyd
dDN Yam sanianoe (n) quit| 4addn Ajiep paaoadwi (1vD *$H99M DAIINDSUOD
-dN) Buiured] uoneAlasqQ uondy uaJpiyD qui Jaddn sy - € Joy Aep Jad seanuiw (9 Joj Swes ays w.iopad 03 pardnasul
“JusWSSasse Al[equaa a1am uayy pue sawed 4aIndwod paydtem :H)-
auanoq|a|y 40 spIX-ANVH1IGY 40} punoy auam sadueyd sp1y| *$)|99M DAIINDBSUOD ¢ o) Aep uad saanuiw (9 40y OBPIA Y3 Ul Pa381S 10U [SDHWD "€ 1—1°9 DD ‘979 ‘DT 98ury
aueoyiudis dnoud-useming oN “(640°0=9) €1 PUe (610°0=9) 71 | -ANVHIIGY | umoys se s3159/qo swes ay3 yaim pue Jop.o 310BX 3y Ul s:INUIW (££D) v6'6 ‘©D “(T1'D) 8+'6 DT :(AS) (s4eak) a8e uesw :28y-
4(800°0=9) |1 sautodpua Asewiud ays 38 YHY dya Joj sadueyd INNW - | € 404 uonoe paAsasqo aswes ays w.opad o1 painbad sem ppiyo 8/91 :(4/IW) x3s- 0z€10T ‘e 3
2403s ul (800'0=9) d40ow parosdwi dnoug |eauswiiadxe ay] - VHV- | pue saanuiw ¢ paise| yoes SOSpIA P1dauip [0S paAIasqo :D3- (zI=y) ‘9D “(z1=u) ‘O3 :sauedpnued [e101 H7— eJinpueds
dD Yyum uauppiyd ur weadoad uonelljiqeya.
a3 o 3Jed 9A1IFYS UE 9q UEBD JUSWIEDII UOIFBAISSGO UORIY-
(01=d ‘€L SATL:0'1=d ‘€L SA | L ‘G'18=€L ‘8'18=TL
‘g'08=]1) dnous jo.auod aya ui30u Ing (10°0=d ‘€1 SA TL
200°0=d ‘€L A | L ‘TH6=€L ‘0'88=TL ‘8'98=|1) dno.3 aseo> oy
Ul A|UO PaASIYDE SEM S[EDS JUDSWISSISSY SUINOG[S]| Y3 UO 340D ‘weuSoud
Pasea.dUl Ue 3BY3 Pamoys 3593 doy-1sod uo.isjuog v (+00'0=d UoNE|IqeYS.l [BUOIIUSAUOD SURNO. PaAa. sdnoud yiog-
‘6’€8 Ueaw) | | pue ($0°0=d ¢|'S8 ueaw) 7] Yyum pasedwod EEEIYY
paAoadwi (£'gg UBaW) €] 3B 9[edS IUBWSSDSSY dUINOq|D) € 10} dnouS 9sBD B3 SB SUOIIDE SWES DY) 9INJVXD O) SPJeMIsle pa3ess jou
92 Aq pa.nseaw se s2402s J0IOW Jey3 paredipul 3593 d0y-3sod 9[edS | PUBIUIUOD dY1dads JOIOW OU YIIM SOIPIA SAIDSQO O3 PAISE :DD- | SDJWD 'Sieak g ‘DD ‘SYIuoly 9 pue / ‘D7 :sieak/ade uelpaly-
woJusuog v (70'0=9) sdnoJd [0.auod pue ased ay3 Ul JUSIIYIP JUBWISSISSY 'SY99M € 0} Wiayl SIEIWI O3 SPIEMISE ‘(SUONDE puBy AUIE sJeak || 01 7 :98eJ 93e ‘S3[BWS) 9 PUB SO[BW ¢ XOG- £1210T
Apuedyiudis sem () ureS 9403s [BUOIDUNY SY3 JUSWIBSIY ISV - auJanoqeN- Aep AJSA3) 1USIUOD IOIOW LIIM SOSPIA SAIISGO O3 PVISE :DHJ- (£=u) ‘9D “(8=u) ‘07 :sauedpned jg301 g|— | ‘[e 39 oudng
saeap
saansesy uonedl|qng
uoisnpPuo)/sy|Nsay swomnnQ SUOI3UaAIRU| sosadeIRyD Jueddiyiey ‘saoyany

s[ell] pa||0J3u0y) paziwopuey papn|du| jo AJewwng g djqel

339
Dove

submit your manuscript

Pediatric Health, Medicine and Therapeutics 2020


http://www.dovepress.com
http://www.dovepress.com

Dove

Alamer et al

“S|0J3u0d ul jJ0U 1nq ‘sased ul

Ajuo urede anq ‘sojeds yaoq o} (]00'0>d) 7L & SINS3J 9Y3 Wo.y
JUSISYIP 949M €] 3B SINsad A|3unsausiul suow usAg “(100°0>9)
| L 9B S3NS3. 3Y2 WO.J JUIYIP APUBDIUSIS D19M 7] B SINSa
‘WHY 40} Sy "s|oJauod ul 30u Inq ‘(] 00'0>d) sesed ul Ajuo

| L Y& S3|NSaJ 3Y3 WOy JUIYIP Apuediiudis auam 7| e sansad
“INNI 40} 38Y3 pamoys sisAjeue d0Y 1s0d "£] Ie Jaguo.is
USAS Wed3q ING pauleluiew A|Uo 10U auam saudwaAoidw
asoy ‘dnoJ3 Juswiea.y Y3 Ul ‘DIoWLIBY3INy {S|O1IU0D

ay3 ul ueyy sauedipdiaed pareadd syl Ul JaYSIY a49Mm ‘s9BdS Ya0q

ul ‘sauawdAoadwi 94035 “(700'0=9 ‘9'€=8'3 ‘g'7=uondeanul |q)

SO9M € IO} }OIM/SBWI G ‘SAINUIW T |—¢ UONIDE |dBD U0}
1dD snjd 1us1u0> Jor0w d1193ds OU YIIM SOIPIA PIAIISGO (D)~

SYO9M € IO} YPIM/SOWII § ‘SIINUIW T |—6 UORIE

p 01 | wouy padued :$DJND
6/6 “(/W) x35-

VHYV -0} pue (00'0=d pue ‘¢"¢=€1 ‘/'g=uondeiaiul |q) JNNIN VHY - Yoed 4o} ] 4D snid uonse yoes wuopad pue (suonde puey 11— :(saeak) ady- 46810T
10J 30q “JUBWIEA.II PUE SWIII UBIMIDG UONDEBIIUI JUBdIYIUSIS - INNW - Jw.e Aep A19A3) 1USIUOD JOIOW UM SOIPIA PIAIISGO DT - (z=u) ‘9D ‘(1 1=u) ‘OF :sauednaed [e101 g|— | ‘e 39 ouddng
“(£0°0=d) 3531 dn-mojjo} a3 3e (V3 6T
F §'LF) dnous oapia a3 ur ueys (v3 8'8 F 9'65) dnous any| aya
ul 4ay3iy Apuedyiudis auam | gg 9Y3 uo sa40ds “(£0'0=4d) 3591 dn
-MOJ|0} 33 38 (S §'6 F T'18]) dnoud ospia ays Joj ueyd (s 9°0| F
9'/91) dnoud aA1| aya Joy 49339q ApuedlIuBis S49M $9403s JH ] [
‘S9UNSEIW [BUONDUN) S| "UORDUN) PUE UOMEID[9IIE JUSWISAOW
qui| 4addn Buiroudwi Joy | O OSPIA UYL SAIIDIYS dJOW S| *$)99M 4§ 10} X99M/sAep G ‘uoneINp Ul sAINUIW
10OV @A]] 3ey3 35933ns s8uipuly ay] *(50°0 >d) dnoud oapia aya ul 0€ Yo®d ‘SUOISSaS JUdBWIEA) (T 40} |OV O3PIA PAAIRdAL 1DH))- P31831S 10U 1§D S48k || 01 g wouy pasued 98y -
uey3 aAl| a3 ul Jay3iy ApuedyiuSis sem 240ds | gq 3y (50°0>9) 14g9- *YIUOW B JOJ }33M/SABP G ‘UONEBINP Ul SAINUIW S/L (d/W) x3s- 56810C
dnoud aAl| aya ul Jomo| Apuedyludis 9.49m $9.403s JH| [ - 4JHL[- 0€ Yoed ‘suoissas Judawieaul O 404 |OV dAl| PIAIRIRI (DT~ (9=u) 9D ‘(9=u) O3 :s3uedidn.ed @103 7|— ‘le 30 wiry|
dDN YIMm saeak (] 01 € 958 US.P|IYD YIIM SUOJE dy O3
paJedwod (dy) sondeid pareadss snid QY Yam uonouny puey
ur 3uswanoadwi JuedyIUSIS B 33BIISUOWSP 30U PIp APNIS Siy| -
‘sypuow 9 e paureaurew (€00°0=9)
syauow ¢ e Juswarosdwi pamoys osfe spiH-aNVH1IGV
‘SUIUOW 9 I8 PAUIBIUIRW DI9M ‘SYIUOW € 1B TN PUE SpIY|
VHY Ul paaJasqo (1000>4d) sauswaroadwi dnous-pauiquod- | -aNVHIIGY ‘SLpuOW ¢ Joj X9am/Aepg ‘Aep/saInuiwl G| PaAlRdal (DD Pa3e3s 30U :SDJWD 'sdedk o] o1 ¢ ‘@3ues age
"(§0°0<d |Ie) duljaseq sNsJaA sypuOW 9 o € 38 SPIX-ANVHTIAY TYW- sypuow | ‘(owy Ag) owyy Ag 19D “(Ay) owg Ag :DF :(YOI) 3Be UBIPA- |€ | 910T B P
10 ‘TVIN ‘VHYV Ul seouauayip dnoud-usamiaq ou auam dJay] - VHY - € 10} >9am/sAep g ‘Aep/saanuiw G| 4y snid OV paAedad :93- | /87 (4/W) X3S- (1€ =u) DD ‘(gz=u) ‘D7 :sauedpnued |e101 G- P RIRRING
saeap
saJnseapy uonediqng
uoisnpPuo)/sy|nsay swonnQ SUOI3UaAIU| sopsadeIRyD Jueddiyied ‘saoyany

"(penunuo)) 7 a|qeL

Pediatric Health, Medicine and Therapeutics 2020

submit your manuscript

340

Dove


http://www.dovepress.com
http://www.dovepress.com

Alamer et al

Dove

(panunuo))

‘syusWIRAOW

JoJJiw Jo syunowre y3iy pue uonduny Jojouw dood YIm ua.pjiyd
10} SWOo2IN0 191199 & Ul pa3nsad | W|D 03 |OV SuIppy -
(1000>9) VHY 2y i

awn JaA0 paroaduw dnoud [e301 3y (8] 0=lt :90'0=4) Sulures
1OV [euonippe aya 03 asuodsa. 19339q B Ul 3Nsa. O3 papusl
SJUsWRAOW Jodiw jo syunowe ydiy pue (§7'0=glt £0'0=4)
dnou3 [er01 aya ul s3uswaAoadwi J93Je| Ul pAYNSaL UoNdUNY

Aaosuas 1ood “(]1£°0-700=tlt ]10°0>d) dn-mojjo} 3e sured

SU3 PaulEIa] PUB UOIIUDAIIIUI B3 J9IJB SIINSEAW BWIOIINO Sp1y|
Jle ul paroadwi sdnoud yrog (0=l ‘70'0=d) ddurwaopad | -gNVH1IGY 'SH{SB) SWES 9Y) PIINISIXS pue uopow [ed180|olq (zz =u) dnoud ogedeld + ] Iq|D pue (zz=u) dnoig JOV
[eNUBWIQ JOMO] A|[BBIUl Y3IM U.P|IYD Ul sauswaAoldwi VW Jo 934y soapiA paynem dnoud JOV snid J D 3Y2 19D | + LIWID Y3 01 pa1edojje a4am pue ‘[||] SOVIN 0T PUE ‘|| SOVIW 1¢020T ‘&2
Jaysiy ur pagjnsal | OV Jo uonippe ay3 ‘(9]-0=¢lt 50°0<9) SYIN- | "S)ISE1 PaAISSqO ay3 paIndaxa pue (UONEBAISSO-03PIA A1) | OV S1 ‘1 SOVIN (sypuows | Jeak |) sypuow g suedk ¢ 28 ues|y ZaunJel
PaAJI9sqO 949Mm sdno.B-UsaMIBq SIDUBISYIP ou YSnoyy - VHY - | Jo sinoy g| paaiedad dnoug | OV snid WD 3y paaeday 93 | ‘2T :(ssfew)xas “(7z=u) DD ‘(7z=u) ‘07 :sauedipned [e103 pi— -uowig
Buiyoead Sulinp uoneanp
JUSWaAOW UO 1093 3unse|-8uo) & aaey Aew 3uluien | OV
pappe 9y “(S0'0<d) uonenp usSWSAOW Ul sausWIAoIdwl
aueoyiudis ou pamoys dno.d ogadeld snid | |DW Sy -
"UOND3.LIOD JUO.LIJUOY DAIAINS
j0U pIp sasAjeue doy-1sod y3noyafe ‘(3]24> Juswarow aya
10 %001-£9 ‘€0'0=9) NY Bulnp uoixa|} [eJa1e| ul JuswaAoIdw
ayp paaedipul sy *(z00=d ‘€1-1.1) dn-mojo; e paurerurew
pue ($0°0=d ‘T1-11) UonuaAIIUl dY1 3l A|2IBIPAWIWI
punoyj ausm ADY 3ulnp siuswaoadw “(£0'0=9) €1-71
pue (z0'0=9) £1-11 usamiaq sauawaAoidwi Juedyiusis pamoys
MY 40} sesAjeue 20y-150( "$Hsed Y10q 4oy G| 0=gl [enJed) *dn-mo||0} SyIUOW g IE SH{SEI DLIES DY) PAINIIXD PUE SOBPIA 3.1}
s9z1s 3099 3due| yum (£0°0=9) ADY PUB MY Ul 3uswaAcdwi (ADY ‘NY) | uonow-[eaiSojoiq payoiem ‘oqadeid snid | ||DW PaAIRIRI :DD- ApAndadsad (y1) £ ‘(£€) 9 “(61) € ‘©OD pue
pamoys sdno.g ypog ‘| OV [BUORIPPE dA133. 10U PIp | sueldwe.ed ‘dn-mojio) | (ov) 8 (S€) £ “(52) § ‘I ‘11 1 D (%) u) SOVIW :(sajew) xas- | 610T ‘e 32
oym asoy 03 patedwiod ysel Sulydea. e SulINp SWi JUSWAOW |043u0d SYIUOW g I S)SEI [BNUBWIIUN JO UOIINJIAX3 PUE UONEBAISSGO sdnoJ3 yaoq ur (4eak |) saeak ¢ :(Qs) 23e ues|y- zaun.el
J9340ys & ul pa3jnsad OV shjd ] |DW jo uoneuiquiod ay] - Jol04- -09pIA 31 ‘| OV 4O sInoy G| 1OV snid | W|DW paAIedal (H3- (91=u) ‘9D “(0z=u) D7 :sauedion.ed €103 9g— -uowig

341
Dove

submit your manuscript

Pediatric Health, Medicine and Therapeutics 2020


http://www.dovepress.com
http://www.dovepress.com

Dove

Alamer et al

"WRIsAS uonedyisse|D) AM|Iqy [enuel ‘SOVIA ‘98ued djdenbiaiul Y| ‘waiskg uonesyisse|d uondung
1030| sS04 ‘SDHWD ‘dnoud josuod ‘D) ‘dnous [eauswiiadxs ‘HF ‘UonBIASP pJepuURlS ‘QS s3] S|IS ANwa.axg Jaddn jo ANend ‘1 SIND BedS YaIoMYSY PIYIPOL ‘SYIN (4OPUIjAD Pa1usLIO A|[ed1sA & dseuS-03-ydead ‘ADY ‘spiemdn
yoea. ‘MY ‘Adeaays 3uswsAow padnpuI-IUIBIISUOD PIlIPOW ‘[ ||DW s3] dP0|g PUE Xog ‘| gg ‘uondung pueH JojAe]—uasqa[ YH | [ ‘Buluress [edisAyd uoneasasqo uonde ‘| JOV ‘@Inses}y 3uspuadapu) [euonoung adpA ‘WI499AA 531 dPoig
puE xog ‘] gg ‘3835 YIIOMYSY PAIPOIN ‘SYIA ‘7 IUSWISSISSY dUINOGIB ‘TVIA ‘Uonoung quir Jaddn [etaaejiun JO IUsWssassy aulnoqd “JNNIW ‘Asfed [e1ga.ad [eaaejiun 4O {9]eds IUSWSSIsSy pueH Sunsissy ‘YHY :SUoeIAIqqY

($0°0=d) sdnoud seanuiw (9 ays ur (ase3-1sod) %g'¢

F £/ 03 (3s930ud) %|°9 F 6'F9 woly pue (y0'0=4d) senuIW
0€ Y2 i (ase1-3s0d) %p9 F 972/ 01 (3s91-24d) %G/ F 8'89
wouy ‘Apuesyiudis parosdwi s3403s 1SIND dD YIM ud4p|iyd
u1 uonduny quitj Jaddn pue semod diig Suinoudwi ul OV
SOINUIW ()9 SB DAY SB SeM | OV SeInuiw g 3y “(8'0=d)
UORUSAISIUI YdBD JO pud dy3 e (§°0 F 0'|) sdnous seanuiw

09 PUB (£°0 F 0°|) S9INUIW OF Y3 USIMIDQ SDUSIDYIP JUBDYIUBIS
ou sem auaY3 “UardmoH “(0'0=4d) dnou8 sanuiw g9 sy ul
0TFI'S01 /| F |'y wouy pue (£0°0=9d) dno.8 Sujuress saanuiw
0€ 343 Ul £'] F 8% 03 £'] ¥ 8'€ wody uaydly Apuesyiudis

sem uonenjeas dn-mojjoy aya 3e Yaduauas duo (0’| =d su8o| |0
F 9°0) dnoud a3nuiw g9 ay3 Jo (s180] €0 F £°0) SAMNUIW Of Y3

ul 2duaJaylp dnou-usamiaq ou sem aJaYl U9AIMOH (+0°'0=d)

dno.g aanuiw 09 aya u su8o| G0 F |'T 03 SUBO| €0 F 4| Woy "DIPOM § 10} Sjeam ad sawn 3.y Kep Jad I SOV (§°9€) 8 PUE ‘Il SOVIW (579€) 8 ‘I SOVIN
pue (1:0°0=d) dno.3 Bulure.n saanuiw g aya ul sA30| £°0 F €7 01 153N0 - SIINUIW (9 ‘SUCNHIE BLIES BY) PALLIOKIAd pUE PaAIasqo DD (£2) 9 9D ‘Il SOV (§9)T1 PUe ‘Il SOV (T€) £ 1 SOVIW
$380] 40 F 9'| wouy Apuedyiudis parosdwi a40ds dnoud-uiyam sphy| 'SHOIM 1} 10} HPIM FDe o3 (1) ¥'6) ©D ((€71) TOI) ‘DT !s4eak) a3e uesy
1593 SPH-ANVH1IGY YL '(50°0>d) sdnous yioq ui Apuesyiudis ANVH1IgVY J9d sown sa.4ys Aep Jad seanuiw og Joy ‘sysea Suiw.iopad (€:0) ©D (g 0 O3
paaoadwi s3nsad 1531 spIY-ANVYH1IGY Pue “4amod dun- | uamod duin- 9.0J9q UONDE PIIJAIIP-[e03 JO $SEI OBPIA PAAIRSqO 1T | :(oJeway djew) X35 (§=u) ‘DD ‘(§=u) ‘D7 :saueddned [g101 o|— 0¢0T0T ‘Wi
saea)
saJnseapy uonedlqng
uoisnpPuo)/sy|nsay swonnQ SUo3USAIA3U| sapsadeIRyD Jueddiyied ‘saoyany

"(penunuo)) 7 alqeL

Pediatric Health, Medicine and Therapeutics 2020

submit your manuscript

342

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Alamer et al
Number of records identified through Additional records identified through other
database searching (n=2507) sources (n=0)
g
% A4 A 4
= Records after duplicates removed (n=1882)
b=
=
D
=
- \ 4
Records screened .| Records excluded (n = 594)
o0 (n = 644)
R=
=
3
5 Full-text articles excluded, with reasons,
n
A\ 4 . ..
Full-text articles assessed - RCTs on amputation conditions (n=4)
for eligibility (n = 50) »| -Conference abstracts (n=9)
>
= -Non-English language (n=8)
2
&0 - Not RCT (n=8),
= \ 4
Studies included in the -using healthy participants as control group
< review for Qualitative (n=7)
'g analysis (n=9) - RCTs on TBI conditions (n=5)
=
= Total (n= 41)

Figure | 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): €1000097.37

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.****
Five studies used the ABILHAND-Kids test to assess manual
ability in children with CP,'*2%3'233% and two studies used
BBT.**~° Five studies used the Melbourne Assessment Scale
to evaluate the physical function and structure of children with
UCP.'#2%33-35 Similarly, another four studies performed

a measure of upper limb motor function by using AHA 2*3¥3°

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-

2035 a5sessed con-

group comparisons. Only two studies
cealed allocation and, except one study,’’ 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 study®> (n=59) reported the action observation

Pediatric Health, Medicine and Therapeutics 2020:1 |

submit your manuscript

343

Dove


http://www.dovepress.com
http://www.dovepress.com

Alamer et al

Dove

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 MA?2) 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.2*-30-3%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.'820-30-343¢
However, in one study, AOT was not effective in upper limb
motor function improvement.>> For instance, the study con-

12()

ducted by Sgandurra et al™ 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 al'® 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 al*> 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 al*? 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,”® and their changes enhance the
potential to perform activities.*” 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 al*® confirmed that live AOT is
more effective than video AOT for improving UL movement
acceleration and function. In addition, Buccino et al** 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.*’

Simon-Martinez et al** confirmed that a combination of
mCIMT and AOT resulted in a shorter movement time during
areaching 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 al** 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 al*'
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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