
Appendix 4. Intervention details 

 

Authors 
Study 
type Intervention specified 

ICF 
objective Therapy providers 

Comparator (1) 
specified 

Comparator (2) 
specified 

Ahl, 
Johansson, 
Granat, 
Carlberg 
(2005) 

F  Whole body 
Activity 

The intervention period 
started with a structured 
four-day livein course for 
the participating families 
and the preschool 
assistants, together with 
staff from a habilitation 
team. The course was to 
understand and participate 
in the training. Throughout 
the intervention period, 
continuous discussions 
were held with, and advice 
and support given to 
trainers during regular 
home and preschool visits. 
The physiotherapist’s 
discussion with helpers 
(i.e. parents and 
caregivers) focused on 
how much assistance the 
participant needed to 
succeed while still doing as 
much as possible 
independently. Another 
important aspect of the 
consultations was to 
support the helpers’ ability 
to do task-analyses, i.e. 
what parts does a task 
consist of, what are the 
difficulties for this 
particular child, how can 
the situation be used for 
training, and how can the 
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motivation of the child be 

Basaran, 
Karadavut, 
Uneri, 
Balbaloglu, 
Atasoy 
(2014) 

F  Not 
specified 

The caregiver was 
instructed on a daily home 
exercise program. 

  

Fergus, 
Buckler, 
Farrell, 
Isley, 
McFarland, 
Riley 
(2008)  

F The goals of the intervention 
included (1) increased 
independent reach for objects 
using the involved UE without 
cues, (2) decreased flexor 
posture of the involved UE at 
rest and during activity, and (3) 
increased success and quality of 
grasp, release using the involved 
hand, and transfer of objects 
between the hands.  
The child underwent 2 separate 
phases of CIMT, each involving 
an intense training period and a 
weaning period separated by a 
14-week interval. A less intense 
home exercise program (HEP) 
preceded and followed the 
intensive and weaning periods of 
the second phase. 

Upper 
extremity 
Activity 

CIMT was performed 
primarily in the child’s 
home environment with 
the caregivers facilitating 
use of the involved UE. 
Caregivers were given 
verbal and written 
instructions detailing the 
schedule for wearing the 
constraint and the type of 
activities to be facilitated 
while the constraint was 
being used. Caregivers 
were given guidelines for 
shaping the behaviors (eg, 
adjusting size and 
resistance of toys, 
placement of toys, and 
task expected with toy) to 
meet the goals of the 
intervention. 

  

Ferre, 
Brandao, 
Hung, 
Carmel, 
Gordon 
(2013CA, 
2015) 

F H-HABIT focused on improving 
the amount and quality of 
involved hand-use in the context 
of bimanual tasks. The 
intervention supervisor helped 
caregivers design an 
individualized program for the 
child. Activities were chosen 
based on the ability of the child’s 
affected hand and focused on 
using the hand as an assisting 
hand during increasingly 

Upper 
extremity 
Activity 

Caregivers were the 
primary interventionists 
and were trained to 
administer H-HABIT 
immediately following the 
baseline period. All 
caregivers received 
training from the same 
experienced supervisor 
over a series of three 
sessions each lasting 
about 1.5–2 hours. The 
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complex bimanual coordination. 
Task demands were graded by 
varying the constraints of the 
task or providing activities that 
required progressive skilled use 
as performance improved.  

first training session 
involved only the 
supervisor and caregiver. 
Caregivers were instructed 
on the general 
intervention procedures, 
discussed reinforcement 
strategies and were guided 
through videos of other 
caregivers performing H-
HABIT. For the second 
session, caregivers 
returned with their child 
and watched as the 
supervisor modeled how to 
administer H-HABIT. Then, 
caregivers were asked to 
model with the child for 
the supervisor and were 
provided with feedback. 
The final training session 
occurred in the family’s 
home and also marked the 
beginning of the 90-hour 
intervention. The 
supervisor visited the 
family’s home and 
provided feedback to the 
caregiver as they 
performed activities with 
the child. Home visits 
occurred weekly 
throughout the 
intervention (1 hour/visit). 

Halvarsson
, Asplund, 
Fjellman-
Wiklund 
(2010) 

F  Body 
functions 
and 
structures 

The parents had all 
received individual 
information, from a 
physiotherapist, on how to 
carry out stretching with 
their child, through a 
home programme. 
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Hinojosa, 
Anderson 
(1991) 

F  Not 
specified 

Each mother had 
previously participated in 
or attempted to use a 
home treatment program 
with her child, but none 
was currently doing so. 

  

James, 
Ziviani, 
King, Boyd 
(2014CA, 
2016) 

F  Not 
specified 

Therapists provided initial 
training face-to-face to 
create individualized 
programs that were 
performed in the home 
environment. Therapists 
monitored and adjusted 
the programs weekly and 
made contact with families 
via email, telephone or 
Skype typically on a 
fortnightly basis. 

  

Lorentzen, 
Greve, 
Kliim-Due, 
Rasmussen
, Bilde, 
Nielsen 
(2015) 

F Overall training module: to train 
cognitive, perceptual and motor 
abilities at the same time. 
Upper limb training modules: to 
train the childrens ability to use 
their upper limbs in relation to 
reaching in different directions 
Lower limb training modules: to 
increase strength in the lower 
limbs and improve control of 
movements during functional 
activities that include the use 
lower limbs. 
Balance-oriented training 
modules: to maintain a stable 
and secure position during 
change of limb and body 
postures according the feedback 
from the screen.  
 
The training was delivered 
through the internet and 
consisted of a serverbased 

Whole body 
Body 
functions 
and 
structures 
and activity 

The training was delivered 
through the internet. After 
the initial evaluation a 
team consisting of a 
physiotherapist and two 
occupational therapists 
created a program that 
contained generic 
exercises with the purpose 
of training cognitive-, 
visual- gross motor- and 
fine motor- skills, and 
exercises chosen with 
attention drawn towards 
promotion of the functions 
that scored lowest at the 
evaluation of cognitive-, 
visual-, gross motor- and 
fine motor- skills. The 
level of difficulty was 
adjusted by therapists 
weekly (PT and OT), who 
followed the training of the 
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interactive training-system using 
flash-technology, named Mitii 
(Move It To Improve It; Mitii 
developments, Charlottenlund, 
Denmark). 
It consists of a number of 
training modules in which the 
child has to analyse visual 
information, solve a cognitive 
problem (i.e. mathematical 
question or similar) and respond 
with a motor act to objects 
presented on the screen (i.e. 
bend to pick up needle and blow 
up balloon with the right 
answer). The core of the system 
is that the computer program 
identifies the movements of the 
child. 

child through the internet 
based on daily feedback 
regarding the progress of 
the child. The therapists 
were in addition in contact 
through E-mail and Skype 
with the child and its 
parents on an at least 
weekly basis and thereby 
received further feedback 
regarding the progress of 
the training. 

McBurney, 
Taylor, 
Dodd, 
Graham 
(2003) 

F The goal was to strengthen the 
ankle plantar flexor, knee 
extensor, and hip extensor 
muscle groups. The exercises 
were: bilateral heel raises, 
bilateral half squats, and step-
ups. The training load was 
adjusted by adding free weights 
to a backpack worn by the 
participant. Participants were 
instructed to complete three sets 
of between eight and 10 
repetitions of each exercise. 

Lower 
extremity 
Body 
functions 
and 
structures 

A physiotherapist taught 
the participants the 
exercises in their homes. 
At the initial session the 
physiotherapist supplied 
the exercise equipment 
and adjusted the training 
load to ensure an optimal 
strengthening benefit.The 
physiotherapist visited the 
participant at home at the 
end of the second and 
fourth week of the 
programme to check that 
the exercises were 
performed correctly, 
provide advice, and 
increase the training load. 
Although not described 
explicitly, it can be 
assumed that the 
exercises were performed 
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at home by the child, 
possibly under parental 
supervision. 

Novak 
(2010CA, 
2011) 

F Partnership home program, uses 
a five-step process: 
(a) Establishing a collaborative 
partnership between the parent, 
child,and therapist 
(b) Setting parent and child 
goals 
(c) Selecting therapeutic 
activities that focus on achieving 
family goals underpinned by 
best-available evidence 
(d) Supporting parents to 
implement the program via 
education, home visiting, and 
progress updates to sustain 
motivation for program use 
(e) Evaluating outcomes 

Not 
specified 

Partnership collaboration 
between parent, child and 
therapist. 

  

Novak, 
Cusick, 
Lowe 
(2007) 

F  Upper 
extremity 

The occupational therapist 
sought to establish a 
collaborative relationship 
with the parents, identify 
mutually agreed-on goals 
for the home program, 
and discuss possible 
therapeutic activities and 
interventions, such as 
splinting or casting, using 
a resource file of 
suggested activities as a 
stimulus for conversation. 
In consultation with the 
occupational therapist, 
parents selected the 
activities they wanted in 
the home program, and 
the occupational therapist 
prepared a home program 
document for use at 
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home. 

Peplow, 
Carpenter 
(2013)  

F  Not 
specified 

The children were 
supported in implementing 
the recommended exercise 
program by staff in school 
and their families. 

  

Piggot, 
Hocking, 
Paterson 
(2003) 

F A home programme was defined 
as any activity, position or 
suggestion to enhance handling, 
mobility or play, which the 
parents had been recommended 
by their therapists. They 
included a broad range of 
activities, such as: stretches 
while dressing, positioning in 
standing frames, encouraging 
eye tracking with toys, playing in 
prone, and assisted cruising. 
Each programme was 
individually designed to meet the 
child’s needs and there was a 
range in the level of demand of 
the programs. 

Not 
specified 

The parent who 
participated was required 
to be the one who carried 
out the therapeutic 
activities with their child. 

  

Piggot, 
Paterson, 
Hocking 
(2002) 

F  Not 
specified 

   

Psychouli, 
Kennedy 
(2016) 

F Modified CIMT: During both 
phases B and C, parents were 
instructed to apply a custom-
made splint at home for 2 hours 
a day, which could be divided 

Not 
specified 

Parents were given specific 
instructions to engage 
their children daily in some 
of the activities selected 
from the list they were 
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into shorter sessions to increase 
adherence and practicality. 
While wearing the constraint, 
children were required to 
participate every day in some of 
the activities from the list, 
ensuring that daily living 
activities such as dressing were 
included, as well as play 
activities. 
In phase C, constraint wearing 
and activity participation 
remained the same as in phase 
B but time playing a personal 
computer (PC) game was added. 
This game resembled “Pac-Man” 
and required unilateral  
manipulation of a joystick, 
movement of which was 
recorded as a measure of 
activity, while wearing the splint. 
The game lasted 20 minutes, 
which was chosen as an 
appropriate extra duration of 
exercising and feedback at the 
end of the day. At the end of the 
game, a colored bar was 
displayed on the screen, 
providing feedback by showing 
the child howmuch he/she had 
moved the affected hand, along 
with motivational cues to 
encourage the child to “keep 
trying.” This may be 
characterized as “augmented 
feedback” combined with extra 
practice for the upper limb. 

given. The researcher and 
parents had frequent 
communication (once or 
twice within a week) to 
discuss any problems or 
concerns. 
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Ross, 
Thomson 
(1993)  

F The children in this study are 
part of an early intervention 
programme which use the 
'management' approach. The 
interventions themselves were 
mostly home based and included 
those aimed at cognitive and 
motor development and broad 
based multidisciplinary 
therapies. 

Not 
specified 

   

Sandlund, 
Dock, 
Hager, 
Waterwort
h (2012)  

F The game platform used was 
EyeToy for PlayStation 2, which 
is based on video-capture 
techniques. EyeToy provides 
about 20 different games that 
typically involve upper extremity 
movements such as reaching, 
waving and hitting with timing 
and precision. In addition, other 
activities challenge postural 
control and require the child to 
balance and perform weight 
shifts. Many games involve 
whole body actions like, for 
instance, running on the spot, 
jumping and ducking to avoid 
being hit by virtual objects. 

Whole body 
Activity 

Parent-supervised   

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2019-035454:e035454. 10 2020;BMJ Open, et al. Beckers LWME



Sandlund, 
Waterwort
h, Hager 
(2011)  

F The EyeToy for Sony’s 
PlayStation2 is a low-cost 
motion interactive system based 
on a video-capture technique 
that allows the child to watch 
herself on the screen and 
interact with the games. The 
games typically involve whole 
body movements with elements 
of hitting or avoiding virtual 
objects displayed on the screen 
but can also require the user to 
jump, balance or run on the 
spot. The games in general 
challenge the user’s overall 
gross motor physical abilities 
such as arm and leg co-
ordination, eye–hand co-
ordination, range of movement 
and balance. 

Whole body 
Activity 

Parent-supervised   
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Sevick, 
Eklund, 
Mensch, 
Foreman, 
Standeven
, Engsberg 
(2016)  

F Intervention sessions were 
aimed at obtaining high joint 
repetitions through single and 
combination joint movements. 
Each session consisted of the 
child performing five minutes of 
supervised UE stretching to 
warm-up. Next, the child played 
four different games while 
standing (each ~10 minutes), 
involving different UE 
movements for each game.  
Games played during the 
sessions were based on the 
interests each child expressed 
during a pre-intervention 
interview and through continued 
input throughout the training. 
Games varied throughout the 
intervention based on the child’s 
desires. While the games varied, 
targeted body areas remained 
constant. Each session provided 
a choice to the participant while 
targeting specific UE 
movements.  

Upper 
extremity 
Body 
functions 
and 
structures 

Experienced research 
assistants trained the 
parents to conduct the in-
home sessions during the 
first 3 weeks. Training 
included: introduction to 
the project, explanation of 
the equipment setup and 
protocol instruction. 

  

Taylor, 
Dodd, 
McBurney, 
Graham 
(2004)  

F Home-based programme of 
exercises designed to strengthen 
the major support muscle 
groups of the lower limb: the 
ankle plantar flexor, knee 
extensor and hip extensor 
muscle groups. The training load 
was adjusted by adding free 
weights to a backpack worn by 
the participant so that they 
could complete between eight 
and ten repetitions of each 
exercise correctly before fatigue. 
Participants were instructed to 
complete three sets of each 

Lower 
extremity 
Body 
functions 
and 
structures 

Participants were 
instructed to complete the 
exercise. The 
physiotherapist visited the 
participant at home at the 
end of the second and 
fourth weeks to check that 
exercises were performed 
correctly, provide advice 
and progress the training 
load. 
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exercise. 

Bilde, 
Kliim-Due, 
Rasmussen
, Petersen, 
Petersen, 
Nielsen 
(2011)  

F The training was delivered 
through the internet and 
consisted of a server-based 
interactive training-system using 
flash-technology (Move It To 
Improve It; MiTii developments, 
Charlottenlund, Denmark). The 
training-system is designed to 
combine cognitive and motor 
challenges in order to train 
cognitive, perceptual and motor 
abilities at the same time. The 
level of difficulty may be 
adjusted throughout the training 
period by increasing the 
difficulty of the perceptual (e.g. 
increasingly complex forms have 
to be correctly identified), 
cognitive (e.g. increasingly 
difficult 
mathematical questions) or 
motor challenges (e.g. child has 
to do more repetitions or work 
with higher load). This 
adjustment was executed by 
therapists (PT and OT), who 
followed the training of the child 
through the 
internet based on feedback 
regarding the progress of the 
child. 

Whole body 
Body 
functions 
and 
structures 
and activity 

The training was parent-
supervised. The therapists 
were in addition in contact 
through E-mail and Skype 
with the child and its 
parents on an at least 
weekly basis and thereby 
received feedback 
regarding the progress of 
the training. 

  

Law, King 
(1993) 

F Intensive neurodevelopmental 
therapy (NDT) and upper-
extremity inhibitive casting, 
single or in combination, i.e.: 1) 
intensive NDT plus casting; 2) 
NDT; 3) regular NDT plus 
casting; or 4) regular NDT 

Upper 
extremity 
Body 
functions 
and 
structures 
and activity 

Parents received 
information about home 
programmes, consisting of 
specific NDT therapy 
activities to be carried out 
on a daily basis. Parents 
were encouraged to make 
observations at home and 
to discuss these with the 
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therapists. Open and 
honest communication 
between parents and 
therapists was 
encouraged. 

Boyd, 
Mitchell, 
Ziviani, 
Bilde, 
Kliim-Due, 
Rasmussen
, Nielsen 
(2012)CA 

F An internet based multi-modal 
training program comprising 
upper-limb and cognitive 
training within the context of 
meaningful physical activity. 
Mitii detects bodily movements 
using green bands tracked by a 
web-camera attached to an 
internet connected computer 
delivered in the client’s home. 

Activity    

Fehlings, 
Chau, 
Agarwal, 
Tam, Lam-
Damji, 
Switzer, 
Hubley 
(2009)CA 

F An inexpensive home based 
virtual reality therapy (VRT) 
system consisting of a 
PlayStation2, EyeToy and 
engineered chair. The system is 
powered by the child holding 
down a button on the chair using 
their non-hemiplegic hand, 
thereby requiring the use of the 
hemiplegic hand to play the 
games in virtual environments. 

Upper 
extremity 

   

Gerhardy, 
Sandelanc
e (2014)CA 

F  Upper 
extremity 

   

McCoy, 
Lubetzsky-
Vilnai, 
Moritz 
(2011)CA 

F Task-specific practice using a 
portable surface 
electromyography (sEMG) 
biofeedback device to drive 
computer games for the 
rehabilitation of wrist/hand 
movements. 
The intervention consisted of a 
five-day ‘in-lab’ practice and a 
four-week ‘in-home’ practice of 
wrist/hand muscle coordination 
using sEMG biofeedback, which 

Upper 
extremity 
Body 
function 
and 
structures 
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interfaced with existing video 
game technology so that control 
of the game occurred by 
voluntary activation of selected 
muscles and coordination of 
agonist/antagonist muscles. 

Pasquet, 
Gaillard, 
Newman, 
Jequier 
Gygax, Le 
Cornec, 
Bonan, 
Rauscent 
(2016)CA 

F A selfrehabilitation program by 
mirror therapy at home. This 
program was developed by the 
Swiss team of Newman and 
Gigax. It consists of 7 exercises. 

Upper 
extremity 

   

Chiu, Ada, 
Lee (2018) 

F The intervention targeted 
balance and/or mobility. 
Participants continued usual care 
which may have involved 
physiotherapy for up to 2 hours 
per week. 

Lower 
extremity 
Body 
function 
and 
structures 
and activity 

Each participant was 
assigned one of eight 
therapists trained in the 
eight games who 
supervised one session a 
week and parents 
supervised the other two 
sessions. 
At the beginning of the 8 
weeks, the therapist made 
sure that the children and 
their parents understood 
the eight games, and that 
they were available for 
follow-up telephone calls if 
necessary. 

  

Farr, 
Green, 
Bremner, 
Male, 
Gage, 
Bailey, 
Speller, 
Colville, 
Jackson, 
Memon, 

F Physiotherapist supported group 
with prescribed games (SG). The 
SG was given a structured 
home-therapy programme 
They were given a Nintendo Wii 
FitTM package and asked to play 
certain games for 30 min, 3 
times per week for 12 weeks, 
and asked to keep a diary of 
their activity. 

Whole body 
Body 
function 
and 
structures 
and activity 

Children in the SG were 
supported by a 
physiotherapist (not the 
physiotherapist who 
carried out 
measurements) who 
contacted the parents of 
the child every two weeks 
by telephone to assign 
games, and subsequently 

Unsupported group 
with freedom over 
game choice, the 
control group (USG). 
They were given a 
Nintendo Wii FitTM 
package and asked to 
play certain games for 
30 min, 3 times per 
week for 12 weeks, and 
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Morris 
(2019) 

checked how the 
prescribed programme of 
activity was progressing 
and suggested scaffolding 
for extension of games 
and activities for motor 
progress, as necessary. 

asked to keep a diary 
of their activity. 
In the USG fortnightly 
phone contact was 
offered for general 
queries e.g., was the 
system working? 
However, no specific 
advice on games and 
activity scaling was 
provided. 

Finet 
(2016) 

F Occupational therapy home 
program 

    

Alvarado 
(2015) 

F The goal of Liberi is to allow 
youth with CP (GMFCS level III) 
to participate in vigorous 
physical activity while socializing 
with friends. Liberi is played 
using our stationary recumbent 
bicycle and a standard Logitech 
wireless game controller. They 
aim with the left joystick and 
invoke game actions with the A 
button. Liberi was implemented 
using the Unity game engine. 
Minimum of three sessions of 
physical activity per week, 
reaching moderately vigorous 
levels of exercise. Players were 
recommended to accumulate a 
minimum of 30 minutes of 
activity per session for the first 
four weeks of the intervention; 
35 minutes per session for 
weeks six and seven; and 40 
minutes per session for the last 
two weeks. 

Whole body 
Body 
function 
and 
structures 

Each gaming session was 
supervised by a “game 
monitor” research 
assistant trained to 
troubleshoot technical 
difficulties with the 
hardware devices used to 
play the game or with the 
game itself. The game 
monitors were included in 
the game’s voice channel 
to facilitate participants 
asking for help or 
reporting bugs in the 
game. In addition, starting 
from the third week, a 
research assistant from 
the hospital phoned each 
participant weekly to 
review their participation, 
to encourage them to 
meet the goals determined 
by the exercise 
prescription, and to 
identify whether 
adjustment to the 
resistance of the bike was 
necessary. 
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Jaber, 
Farr, 
Morris, 
Bremmer, 
Male, 
Green 
(2017)CA 

F Physiotherapy supported use of 
the Wii-Fit over 12 weeks 

  Physiotherapy 
unsupported use of the 
Wii-Fit over 12 weeks 

 

Kenyon, 
Westman, 
Hefferan, 
McCrary, 
Baker 
(2017) 

F Body weight supported treadmill 
training. 
Families were asked to conduct 
the treadmill training program 
2–3 times per week. Although 
each family was asked to try and 
build up to 15–20 minutes of 
continuous stepping during 
sessions, the exact duration of 
each session and the number of 
rest breaks during each session 
were determined by the family 
based on guidelines provided by 
the authors (i.e., difficulty 
consistently initiating steps and 
signs of fatigue). 

Lower 
extremity 
Body 
function 
and 
structures 

An initial home visit with 
each participant focused 
on adjusting and fitting 
the harness per the 
instructions provided by 
the manufacturer and on 
instructing the family in 
implementing the home-
based program. 
 
Each family was provided 
with contact information 
for the authors and 
encouraged to call or e-
mail with any questions or 
concerns. In addition, the 
authors regularly 
contacted each family 
(either via e-mail or phone 
as preferred by the family) 
to check on how the 
program was going and to 
see if there were any 
questions or concerns 

  

Liu, 
Chang, 
Liang, 
Shieh, 
Chen, 
Wang 
(2017)CA 

F 8-weeks of family-friendly 
Bilateral Intensive Training 
program (2-2.5 hours per day, 
twice a week). 

Upper 
extremity 
Body 
function 
and 
structures 
and activity 

   

Reifenberg
, 
Gabrosek, 

F Game-Based 
Neurorehabilitation: motion-
based gaming web application 

Upper 
extremity 
Body 

Telehealth Technologies: 
synchronous 
videoconferencing: a 
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Tanner, 
Harpster, 
Proffitt, 
Persch 
(2017) 

The child stands in front of the 
webcam holding on to the 
colored balls. The webcam 
recognizes the balls, and the app 
translates movement of the balls 
into movement of gaming 
elements. 
 
Games were selected on the 
basis of the child’s age, current 
skill level, and goals developed 
collaboratively. The researchers 
configured games to challenge 
the participant’s bilateral 
coordination, midline crossing, 
motor control and accuracy, 
motor efficiency, range of 
motion, reaction speed, and 
upper body strength and to 
enable them to monitor on a 
weekly basis parameters such as 
duration of game play, number 
of correct movements, number 
of errors, and response time. 

function 
and 
structures 
and activity 

remote user (i.e., 
therapist or research 
assistant) was able to 
control the robot’s pan and 
tilt functions while video 
conferencing with the child 
and parent. This setup 
allowed the therapist to 
observe the child’s 
performance in his natural 
setting and to consult with 
the parents without the 
need for someone to hold 
and operate the iPad. 
 
In addition to the weekly 
dose of GbN, a member of 
the research team 
conducted 30-min 
synchronous consultations 
with the participant and 
parents each week (4 hr 
total) using TT. This 
approach allowed the 
researchers to observe 
performance in the home 
environment, problem 
solve technological issues, 
coach parents, provide 
feedback, and discuss any 
other treatment-related 
issues. 

Sel, Kerem 
Günel, 
Şengelen 
(2018)CA 

F      

Shierk, 
Jimenez-
Moreno, 
Roberts, 
Ackerman-

F Exercises were organized by 
primary target joint. Passive 
range of motion (PROM) 
exercises was developed for the 
shoulder adductor and internal 

Upper 
extremity 
Body 
function 
and 
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Laufer, 
Backer, 
Bard-
Pondarre, 
Cekmece, 
Pyrzanows
ka, Vilain, 
Delgado 
(2018) 

rotator muscles, elbow flexor 
muscles, forearm pronator 
muscles, and wrist/finger flexor 
muscles. Patients and families 
were instructed that the PROM 
exercises needed to be sustained 
stretches lasting 20–60 seconds 
per repetition, with at least five 
repetitions per day. 
Strengthening exercises were 
developed for the shoulder 
abductor and external rotator 
muscles, elbow extensor 
muscles, forearm supinator 
muscles, and wrist/finger 
extensor muscles. The minimum 
expectation was that the patient 
would engage in therapeutic 
strengthening exercises and 
functional activities at least five 
times per week for at least 
15minutes per session. If active 
GAS goals were identified, the 
patients were also required to 
practice the goals. Based on the 
child’s individual presentation, 
the therapist decided whether 
these active exercises/functional 
activities should be performed 
independently or with 
assistance, and whether they 
should be performed against 
gravity or resistance. 

structures 
and activity 

Şişman 
Işik, 
Tuğay, 
Işik, Tuğay 
(2018)CA 

F      

Visser, 
Westman, 
Otieno, 

F Body weight supported treadmill 
training. 
The duration of the initial BWSTT 

Lower 
extremity 
Body 

An initial 60-minute home 
visit focused on instructing 
the parent/caregiver in 
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Kenyon 
(2017) 

session was determined on the 
basis of the researcher’s 
observation that the participant 
was no longer able to sustain an 
appropriate stepping pattern or 
that the participant was having 
difficulty consistently initiating 
steps. 
 

function 
and 
structures 

implementation of the 
home-based program was 
conducted by one of the 
physical therapist 
residents.  
 
Motivational activities to 
engage or distract each 
participant during the 
treadmill program were 
discussed with each 
family, and parents or 
caregivers were educated 
on signs and symptoms of 
fatigue that warranted 
early termination of a 
session or medical 
attention. 
 
Following this initial home 
training session, the 12-
week BWSTT program was 
conducted 3 to 4 times per 
week by a parent or 
caregiver of each 
participant. Parents or 
caregivers steadily 
increased the length of the 
sessions as tolerated, with 
the goal of achieving a 
duration of 20 minutes for 
the 3 to 4 sessions per 
week. The parent or 
caregiver was provided 
with an intervention log 
and asked to record the 
duration of each session, 
the distance walked, the 
speed of the treadmill, the 
number and duration of 
rest breaks, motivational 
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strategies used during the 
session, and other 
observations made during 
the session. The 
researchers contacted 
each participant’s family 
weekly via phone or e-mail 
to ensure that questions 
and concerns were 
addressed and that the 
intervention was being 
conducted as instructed. 

Al-Oraibi, 
Eliasson 
(2011) 

BEF  Upper 
extremity 
Activity 

Each therapy session 
included time for parental 
education and discussion. 

  

Eugster-
Buesch, de 
Bruin, 
Boltshaus-
er, 
Steinlin, 
Kuenzle, 
Muller, 
Capone, 
Pfann, 
Meyer-
Heim 
(2012) 

BEF  Upper 
extremity 
Activity 

The instruction manuals 
were explained to the 
parents and consisted of 
activities. The routine 
therapy sessions provided 
the opportunity to answer 
questions, give advice to 
parents, motivate children, 
and, to a small extent, to 
shape practice. 

Regularly scheduled 
therapy: weekly 
therapy appointments 
(In most cases, this 
meant one physical 
therapy and/or 
occupational therapy 
session a week.) 

 

Hsin, 
Chen, Lin,  
Kang, 
Chen, 
Chen 
(2012) 

BEF Individualized home-based 
interventions from a certified 
physical therapist. Outside the 
therapy sessions, participants 
were encouraged to exercise or 
perform daily activities (eg, 
reaching, grasping, 
manipulating, and self-care 
activities) at home under 
parental supervision. 
Participants  were also 
encouraged to wear he elastic 
bandage and restraint glove 

Upper 
extremity 
Activity 

Therapy sessions from a 
certified physical therapist 
and outside the therapy 
sessions, participants 
performed daily activities 
at home under parental 
supervision. 

Individualized home-
based interventions 
from a certified 
physical therapist. 
Children were engaged 
in functional unilateral 
or bilateral arm training 
based on function-
oriented activities, 
neurodevelopment 
treatment techniques, 
and motor learning and 
control principles. 
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while doing exercise or daily 
activities. 

Outside the therapy 
sessions, participants 
were encouraged to 
exercise or perform 
daily activities (eg, 
reaching, grasping, 
manipulating, and self-
care activities) at home 
under parental 
supervision. 

Hoare, 
Imms, 
Villanueva, 
Rawicki, 
Matyas, 
Carey 
(2012) 

BEF Injections of BoNT-A, followed 
by modified CIMT: an individual, 
clinic-based treatment sessions 
of approximately 60 minutes, 
twice weekly for 8 weeks. 
Unimanual tasks were selected 
to facilitate repetitive practice of 
movement and skills of the 
impaired limb. Home 
programmes were specifically 
designed for each child by the 
treating therapist. 

Upper 
extremity 
Activity 

Home programmes were 
designed by the treating 
therapist and supervised 
by the caregivers. 

Injections of BoNT-A, 
followed by 
conventional bimanual 
occupational therapy 
(BOT). BOT targeted 
the development of 
specific hand skills and 
motor planning abilities 
using repetitive 
practice of bimanual 
activities. Treatment 
incorporated principles 
of motor learning and 
cognitive-based motor 
intervention. Clinic-
based treatment 
sessions of 
approximately 60 
minutes, twice weekly 
for 8 weeks. Children 
and families were 
encouraged to 
undertake a home 
programme, but no 
time requirements were 
specified. The home 
programmes were 
designed for each child 
by the treating 
therapist.  
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James, 
Ziviani, 
Ware, 
Boyd 
(2014CA, 
2014CA, 
2015) 

BEF ‘Move it to improve it’ (Mitii) a 
web-based multimodal therapy 
programme that is delivered in 
the home environment. It 
comprises upper limb, cognitive, 
visual perceptual, and physical 
activity training. Occupational 
therapists, physiotherapists, and 
psychologists collaboratively 
devised individualized 
programmes based on the child’s 
baseline assessment scores. 
Therapists selected from 14 
training modules to devise a 
programme that included 
approximately 60% 
cognitive/visual perceptual 
activities combined with upper 
limb (predominantly the 
impaired upper limb), and 40% 
gross motor activities. 
Therapists remotely monitored 
the participant’s programme and 
adjusted modules weekly by 
increasing speed, accuracy, 
repetitions, and/or task 
complexity. 

Activity Programma was carried 
out under parental 
supervision. Regular 
contact was maintained 
with participants to 
provide feedback, 
technical support, and 
facilitate engagement. 
Each family’s preferred 
frequency and mode of 
contact was obtained and 
typically involved weekly 
e-mails and telephone 
and/or Skype calls each 
fortnight. 

Standard care for 20 
weeks, which typically 
involved consultative 
sessions with medical 
and allied health 
professionals. Children 
were not provided with 
any concomitant 
treatments including 
upper limb therapy, 
splinting, or casting. 

 

Kirkpatrick
, Pearse, 
James, 
Basu 
(2016) 

BEF Play-based action observation 
with repeated practice: an 
individualized parent-delivered 
home-based play therapy 
programme, based on repeated 
movement practice 
Children in the experimental 
group watched a parent perform 
the movement each time before 
attempting it parents sat next to 
the child, facing the same 
direction, and on the side of the 
less-affected hand. 

Upper 
extremity 
Activity 

Parent-delivered. The 
approach was explained 
and the activities 
demonstrated to parents. 
To enhance compliance 
and treatment fidelity, 
families were telephoned 
fortnightly for support and 
a home visit at 6 weeks, 
to deliver new activities 
and to maintain interest 
and motivation. 

Children in the control 
group played 
independently (with 
parental supervision) 
parents sat next to the 
child, facing the same 
direction, and on the 
side of the less-affected 
hand.  
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Klingels, 
Feys, 
Molenaers, 
Verbeke, 
Van Daele, 
Hoskens, 
Desloovere
, De Cock 
(2013) 

BEF The m-CIMT intervention 
included wearing a constraint 
and structured skills practice 
provided by the parents and 
supervised by the main 
investigators. The focus was 
mainly on improving the 
unimanual capacity of the 
affected hand. Parents were 
provided with a list of fine, gross 
motor, and daily life activities, 
individually adjusted to the 
child’s level.. Children 
additionally received an 
integrated program (IT) with a 
focus on distal muscle strength 
and hand function, using a 
unimanual and bimanual 
approach. Individual goals were 
set up, and a selection of 
exercises was made based on 
body function measures. The 
goals were discussed with the 
child’s therapist, and they were 
instructed on how to perform the 
exercises and gradually increase 
the difficulty level. During each 
session, analytical exercises and 
functional activities were 
performed. 

Upper 
extremity 
Body 
functions 
and 
structures 
and activity 

The m-CIMT intervention 
was provided by the 
parents and supervised by 
the main investigators and 
the integrated program 
was performed by the 
individual physiotherapist 
or occupational therapist. 
Parents were also 
instructed about 
motivational and 
behavioral aspects that 
could interfere with the 
training 

m-CIMT without an IT 
program: the m-CIMT 
intervention was the 
same as the 
intervention group. 
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Lin, Wang, 
Wu, Chen, 
Chang,  
Lin, Chen 
(2011) 

BEF Individualized home-based 
intervention. The group focused 
on the training of the more 
affected arm. When not in the 
therapy sessions, participants 
were required to wear an elastic 
bandage on their less affected 
hand and wrist for 3.5-4 hours 
per day for 4 weeks. Participants 
were encouraged to perform 
exercies or daily activities (e.g., 
reaching, grasping, 
manipulating, and self-care 
activities) under the supervision 
of parents. 

Upper 
extremity 
Activity 

Therapy sessions were 
deliverd by a therapist. 
Wearing of the bandage 
and performance of 
exercises or daily activities 
at home under the 
supervision of parents. 

Individualized home-
based intervention. 
Children were engaged 
in functional unilateral 
or bilateral arm training 
that was based on 
functional-oriented 
activities, 
neurodevelopmental 
treatment techniques, 
and motor learning and 
control principles. 
When not in the 
therapy sessions, 
participants were 
required to wear an 
elastic bandage on 
their less affected hand 
and wrist for 3.5-4 
hours per day for 4 
weeks. Participants 
were encoouraged to 
perform exercies or 
daily activities (e.g., 
reaching, grasping, 
manipulating, and self-
care activities) under 
the supervision of 
parents. 
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Lowes, 
Mayhan, 
Orr, 
Batterson, 
Tonneman, 
Meyer, 
Alfano, 
Wang, 
Whalen, 
Nelin, Lo, 
Case-
Smith 
(2014) 

BEF The protocol has the following 
four core elements: (a) 24/7 
casting of the less affected UE 
for 23 days, followed by four 
days without casting; (b) 
intensive occupational therapy 
sessions for five days/week for 
four weeks; (c) parent education 
to promote use of the affected 
UE; and (d) services provided in 
the child’s home. Therapy 
sessions included functional, 
play-based, sensory,and 
strength-building activities that 
emphasized specific movements 
of the affected UE. The therapist 
encouraged repetition and 
elaboration of motor skill with 
consistent positive 
reinforcement. The family was 
instructed to perform activities 
with their infant that targeted 
specific UE skills for 1 hour each 
day. These activities were 
similar to the activities that the 
therapist had implemented, and 
were adapted so that they could 
easily be implemented in the 
family’s daily routine. The cast 
was removed for the last three 
days of treatment to focus on 
bimanual activities. The focus of 
intervention for the days in 
which the cast was removed was 
bilateral integration for two-hand 
functional skills. 

Upper 
extremity 
Activity 

Intervention sessions in 
the home were provided 
by two occupational 
therapists and the family 
was instructed to perform 
activities with their infant 
daily. 

The infants received 
traditional intervention 
that used functional 
tasks, play activities, 
sensory activities, 
strength building, and 
bilateral activities to 
promote the use of the 
involved UE. The 
infant’s affected arm 
was not constrained 
during the “usual care” 
intervention portion of 
this study.  
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Novak, 
Cusick, 
Lannin 
(2009) 

BEF OTHPs are individualized 
multimodal interventions that 
target body structure, activities, 
and participation problems 
identified collaboratively by the 
parents and therapist, informed 
by diagnoses and referral 
instructions. 
The program used a 5-step 
process, that is, (1) establishing 
collaborative relationships 
between parents and therapist; 
(2) setting mutually agreed-
upon family and child goals; (3) 
selecting therapeutic activities 
that focus on achieving family 
goals and are supported by the 
best available evidence; (4) 
supporting parents through 
education, home visiting, and 
progress updates to sustain 
motivation for program use; and 
(5) evaluating outcomes. 
The programs included (1) child-
executed activities, such as 
structured practice of tasks; (2) 
environmental adaptations to 
promote success; and (3) parent 
education to enhance the way in 
which the child learned. 
Parents determined how 
frequently and for how long they 
implemented the OTHP. 

Upper 
extremity 
Activity 

Parents structured the 
practice of chosen 
activities by using 
principles identified by the 
therapist but applied on 
the basis of their expert 
knowledge of the child. 

Wait list OTHP of 4 weeks 
(except for duration, 
the same treatment 
characteristics as the 
experimental group of 
8 weeks). 
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Preston, 
Weightma
n, 
Gallagher, 
Levesley, 
Mon-
Williams, 
Clarke, 
O'Connor 
(2016) 

BEF The intervention group also 
received botulinum toxin 
treatment to reduce arm 
spasticity and usual follow-up 
rehabilitation. The usual follow-
up rehabilitation consisted of 
appropriate splinting, antagonist 
muscle training of the treated 
muscles and task-oriented 
training of activities previously 
limited by spasticity and muscle 
weakness. 

Upper 
extremity 

Parents were asked to 
encourage their children to 
use the gaming technology 
daily. 

The usual follow-up 
rehabilitation consisted 
of appropriate splinting, 
antagonist muscle 
training of the treated 
muscles and task-
oriented training of 
activities previously 
limited by spasticity 
and muscle weakness. 

 

Sakzewski, 
Miller, 
Ziviani, 
Abbott, 
Rose, 
Macdonell, 
Boyd 
(2015) 

BEF The intervention included 
activity-based goal-directed 
upper limb therapy using 
principles of motor learning. 
Collaborative goal setting with 
the child and family occurred 
during baseline assessment to 
determine therapy priorities. 
Families were provided with a 
home programme to address 
parent/child-identified functional 
goals. 

Upper 
extremity 
Activity 

Weekly sessions of 
therapy provided by a 
paediatric occupational 
therapist directly with the 
child, and a home 
programme provided by 
parents. 

Combined modified 
CIMT and bimanual 
training (hybrid-CIMT), 
delivered in a 
community facility 
(circus themed) using a 
day camp format. 
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Charles, 
Wolf, 
Schneider, 
Gordon 
(2006) 

BEF Children wore a sling on the 
non-involved upper extremity for 
the entire time during an 
intervention session. During 
each session each child received 
individualized instruction from a 
trained interventionist involving 
specific practice of designated 
target movements. Children 
were engaged in play and 
functional activities that 
provided two types of structured 
practice (shaping and repetitive 
task practice) using the involved 
upper extremity, especially the 
hand. At the end of each day, 
each child went home with an 
exercise program that involved 
practice with the involved 
extremity (without any restraint) 
for 1 hour, which was extended 
to 2 hours per day for 6 months 
after the intervention. 

Upper 
extremity 

Intervention sessions were 
provided by a trained 
interventionist and the 
exercise program at home 
was supervised by 
parents. 

Children in the control 
group did not receive 
any treatment. They 
were offered the 
opportunity to be 
crossed-over to receive 
treatment after their 
participation. Children 
continued to receive 
the usual and 
customary care that 
they were receiving 
elsewhere. 

Children in the control 
group did not receive 
any treatment. They 
were offered the 
opportunity to be 
crossed-over to receive 
treatment after their 
participation. Children 
continued to receive 
the usual and 
customary care that 
they were receiving 
elsewhere. 
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Gordon, 
Hung, 
Brandao, 
Ferre, Kuo, 
Friel, 
Petra, 
Chinnan, 
Charles 
(2011) 

BEF CIMT was modified to be child 
focused. During day-camp 
participants performed fine-
motor and manipulative gross 
motor activities that elicit 
general movements of interest 
and that included a range of 
age-appropriate, unimanual 
functional and play activities. 
Caregivers were instructed to 
engage participants in home 
practice (unimanual without 
restraint for CIMT and bimanual 
for HABIT) for 1 h/d during and 
for 6 months following the 
intervention. 

Upper 
extremity 
Activity 

CIMT was delivered by 
interventionists and home 
practice was deliverd by 
caregivers. 

A day-camp bimanual 
intervention (hand-arm 
intensive bimanual 
therapy, HABIT) 
focused on functional 
bimanual rather than 
unimanual tasks. 
Participants were 
engaged in age-
appropriate fine- and 
gross-motor bimanual 
activities using motor 
learning approaches. 
Caregivers were 
instructed to engage 
participants in home 
practice (unimanual 
without restraint for 
CIMT and bimanual for 
HABIT) for 1 h/d during 
and for 6 months 
following the 
intervention. 
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Wallen, 
Ziviani, 
Naylor, 
Evans, 
Novak, 
Herbert 
(2011, 
2012CA) 

BEF An intensive 8-week block of 
therapy, including attending 
weekly occupational therapy 
sessions with their usual or local 
therapists and completing a 
home programme. The focus 
was particular movements to 
complete activities of daily living 
selected by parents as priorities 
for intervention, but which were 
lacking in the child’s upper limb 
movement repertoire. 

Upper 
extremity 
Activity 

Weekly occupational 
therapy sessions with their 
usual or local therapists to 
demonstrate therapy with 
the child and provide 
support ⁄ education for 
families in carrying out the 
daily intervention. 

Intensive occupational 
therapy involved 
therapy to achieve 
parents’ goals, and 
included techniques 
aimed at minimizing 
impairment (e.g. 
stretching, casting, 
splinting) and 
enhancing activities 
(e.g. motor training, 
environmental 
modification, and 
practice of specific goal 
activities). Guidelines 
for intervention 
suggested that parents 
spend 20 minutes each 
day completing the 
home programme, but 
parents were able to 
increase or decrease 
daily home programme 
time to fit in with 
family commitments 
and their own 
preferences. 

 

Chamudot, 
Parush, 
Rigbi, 
Horovitz, 
Gross-Tsur 
(2016CA, 
2018) 

BEF Modified Constraint-Induced 
Movement Therapy (mCIMT). 
Infants in both intervention 
groups received a home program 
designed to encourage the use 
of the affected hand. 
 
The treatment was performed in 
a sitting position, on the floor or 
in a high chair, with trunk 
support provided when needed. 
All infants had adequate head 
control. Infants in the mCIMT 
group were required to wear a 

Upper 
extremity 
Activity 

Parents received 
professional guidance once 
a week at home from one 
of two experienced 
occupational therapists on 
how to encourage the use 
of the affected hand 
during the play sessions. 
The visits included 
monitoring the infant’s 
current hand use and 
precise guidance on which 
activities to perform in the 
upcoming week. When 

Bimanual therapy 
(BIM). 
Infants in both 
intervention groups 
received a home 
program designed to 
encourage the use of 
the affected hand. In 
the BIM group, the 
activities were designed 
to encourage the use of 
both hands 
symmetrically. 
1-hr daily play session 
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soft custommade mitt 
throughout the play session. The 
mitt restrained the functional 
hand by preventing the ability to 
grasp objects. The activities 
during the session were 
designed to encourage unilateral 
hand use (e.g., eat biscuit, 
knock down tower of blocks with 
involved hand). 

necessary, the therapists 
supplied the parents with 
appropriate toys for the 
activities. The parents 
were guided on which 
actions to encourage while 
making sure that the 
infant received positive 
reinforcement from the 
action (e.g., toys with 
sensory feedback, 
planning the activity in a 
manner that ensured 
success, parental praise). 
In addition, parents were 
required to keep a daily 
log in which they recorded 
the infant’s compliance 
with the program, the 
activities performed during 
the play session, the 
infant’s emotional reaction 
to the treatment, and the 
parents’ observations of 
any improvement or 
change in the infant’s 
function. 

with parents 7 days a 
week for a period of 8 
wk. The parents could 
divide the daily session 
into two. 

Ferre, 
Brandao, 
Surana, 
Dew, 
Moreau, 
Gordon 
(2016, 
2019) 

BEF Home-based Hand-arm bimanual 
intensive therapy (HABIT). 
H-HABIT, the aims of the 
bimanual tasks were to 
improve reaching, grasping, 
releasing, in-hand manipula 
tion, and using the affected hand 
as an assisting hand. 

Upper 
extremity 
Activity 

Caregivers were trained 
and then required to 
engage their children in 
either H-HABIT or LIFT-
control activities for 2 
hours a day any 5 days a 
week for a total of 9 
weeks (90h). Participants 
were monitored via 
webcam-based software 
(i.e. Adobe Connect) while 
they performed the 
activities in their own 
home. Hourly supervision 

Intensive home-based 
lower-limb training – a 
function-focused, 
evidence-based 
approach, based on 
motor learning 
principles. 
 
During LIFT-control, 
children performed 
functional lower-limb 
tasks to improve 
balance, strength, and 
coordination with an 
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continued on a weekly 
basis (i.e. 1h/wk for 
9wks). A supervisor also 
monitored home training 
activities by checking logs 
submitted online. 

emphasis on the 
involved leg. Activities 
were embedded in the 
context of child-friendly 
play or during 
functional tasks.  
 
All participants 
continued to receive 
usual and customary 
care. 

Fischer, 
Ramey, 
Deluca, 
Stevenson, 
Darragh 
(2016)CA 

BEF Constrained-Induced Movement 
Therapy (CIMT) 

Upper 
extremity 

 2 dosage levels (60 vs 
30 hrs of therapy over 
4 wks) and 2 types of 
constraint (part-time 
splint versus full-time 
cast). 

 

Hobbs, 
Russo, 
Hillier, 
Reynolds 
(2016)CA 

BEF OrbIT Gaming System for 6 
weeks, in-home. The 
experimental group received 
afferent haptic vibration. 

Upper 
extremity 
Body 
function 
and 
structures 
and activity 

 OrbIT Gaming System 
for 6 weeks, in-home, 
the haptic feature was 
disabled for the control 
group. 

 

Hughes, 
Franzsen, 
Freeme 
(2017) 

BEF The home programmes generally 
consisted of three parts. Firstly, 
the parents/caregivers would 
perform basic 
neurodevelopmental theory 
(NDT) preparation techniques 
which consisted of trunk rotation 
which then lead into rolling and 
reaching in later programmes as 
well as shoulder mobilisation to 
normalise tone in the trunk and 
upper limb. Secondly active 
graded exercises of the upper 
limb were covered, starting with 
proximal joints and moving to 
more distal joints such as the 

Upper 
extremity 
Body 
function 
and 
structures 

Individual therapy on a 
monthly basis from the 
researcher and received 
an individualised and 
updated home programme 
at each appointment. 
Parents/caregivers were 
individually trained in the 
application of the home 
programmes and the use 
of the splint. 
 
The caregivers were 
expected to perform the 
home programme with the 
child three times daily in 

Individual therapy on a 
monthly basis from the 
researcher and 
received an 
individualised and 
updated home 
programme at each 
appointment. 
Parents/caregivers 
were individually 
trained in the 
application of the home 
programmes. The 
caregivers were 
expected to perform 
the home programme 
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wrist and fingers. It was 
recommended by the researcher 
that the caregivers allowed the 
child to initiate the movement 
and move as independently as 
possible. Only when the child 
could not move any further 
would the caregiver facilitate the 
rest of the movement with the 
child. The last part of each home 
programme contained skills 
which could be incorporated into 
daily 
tasks to increase participation in 
activities of daily living (ADL) 
and to facilitate functional skills. 
Participants in the intervention 
group were individually fitted 
with a standard neoprene thumb 
abduction splint by the 
researcher and prescribed 
additional information on how to 
incorporate the splint into the 
home programme. 

the morning, midday and 
evening. 

with the child three 
times daily in the 
morning, midday and 
evening. 
 
No additional soft 
neoprene thumb 
abduction splint. 

Kassee, 
Hunt, 
Holmes, 
Lloyd 
(2017) 

BEF Participants assigned to Wii 
training were given a Nintendo 
Wii U system, one Wii MotionPlus 
Remote controller, one Wii 
Nunchuck, and the Wii Sports 
Resort game, to be played at 
home. Participants were 
instructed to play their choice of 
games, out of a specific set of 
games inWii Sports Resort 
approved by the researchers to 
promote higher upper-limb 
activity, as compared to other 
games. The approved games 
were: tennis, archery, 
swordplay, basketball, bowling, 
canoeing, golf and Frisbee. 

Upper 
extremity 
Body 
function 
and 
structures 
and activity 

In both groups parents 
supervised the exercise 
sessions and recorded the 
time of day, duration and 
games or exercises 
completed in a daily 
logbook. Parents were also 
asked to encourage the 
child to use their spastic 
hand as much as possible, 
and recorded how much 
they used their spastic 
hand in the daily logbook. 
Parents in theWii group 
were also asked to ensure 
that the child attempted to 
mimic the real-life motions 

Resistance training. 
Participants were then 
given a series of 6 
exercises to do at 
home, at an intensity 
of 12 repetitions per 
exercises, for two sets 
(i.e. corresponding to 
24 repetitions for each 
exercise), 5 days a 
week, for 6 weeks. 
 
Each exercise was 
demonstrated to 
participants and their 
parents, and 
participants were given 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2019-035454:e035454. 10 2020;BMJ Open, et al. Beckers LWME



Participants were instructed to 
play the Wii using their affected 
(spastic) hand for at least 40 
minutes each day, 5 days a 
week for 6 weeks (30 days). No 
adaptions were made to the Wii-
mote for any participants. 

of the Wii game as much 
as possible (i.e. if playing 
tennis, to swing the 
remote like a tennis 
racquet, etc.) 

a booklet, consisting of 
pictures and written 
instructions on how to 
do each exercise. It 
was approximated that 
12 repetitions would 
take the child 
approximately 3 to 4 
minutes to complete, 
for a total of 36 to 48 
minutes per day of 
exercise. 

Law, 
Cadman, 
Rosenbau
m, Walter, 
Russell, 
DeMatteo 
(1991) 

BEF Intensive NDT plus cast 
 
Children receiving intensive were 
to NDT receive 45 minutes 
therapy twice weekly, a plus 30-
minute daily programme at 
home. 
 
Home programmes consisted of 
specific therapy activities. 
Children randomized to the 
casting groups received an 
upper-extremity inhibitive cast, 
bivalved and worn for at least 
four hours a day. They were 
short-arm fibreglass casts, 
extending from below the elbow 
to the palm of the hand, 
immobilizing the wrist from 
neutral to 10" extension. The 
thumb and fingers were not 
included. Parents kept records of 
the home programme and the 
lengths of time the casts were 
worn. Records were also kept of 
other types of intervention 
received during the six months 
of intervention so that their 
effects could be evaluated. 

Upper 
extremity 
Body 
function 
and 
structures 

 Three comparators 
 
Regular NDT plus cast, 
intensive NDT, regular 
NDT 
 
Children receiving 
intensive were to NDT 
receive 45 minutes 
therapy twice weekly, a 
plus 30-minute daily 
programme at home. 
 
Children receiving 
regular attended NDT 
therapy for a maximum 
of once a week a and 
minimum of once a 
month, plus a 15-
minute programme at 
home three times a 
week. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2019-035454:e035454. 10 2020;BMJ Open, et al. Beckers LWME



Liang, Liu, 
Chang, 
Huang, 
Chen, 
Wang 
(2017)CA 

BEF Constraint-Induced Therapy 
(CIT), 36 hours in total 
conducted in home-based 
contexts. 

Upper 
extremity 

 Nilateral Intensive 
Training (BIT), 36 
hours in total 
conducted in home-
based contexts. 

 

Hobbs, 
Hillier, 
Russo, 
Reynolds 
(2019)CA 

BEF OrbIT, is a standalone, self-
logging, accessible and haptic 
serious gaming system that 
features 15 different games, 
which randomise game events to 
increase player engagement. 
The experimental group received 
afferent haptic vibration to their 
ND hand via the controller. 

Upper 
extremity 
Body 
function 
and 
structures 

 OrbIT at home for 6 
weeks. The haptic 
feature was disabled 
for the control group. 

 

Chen, 
Chen, 
Kang, Wu, 
Chen, 
Hong 
(2014) 

E Individualized home-based 
intervention by a certified 
physical therapist. The focus was 
on the functional training of the 
more affected upper extremity 
by applying the principles of 
shaping and repetitive task 
practice. Between treatment 
sessions, children were 
encouraged to exercise or 
perform daily functional 
activities with the more affected 
upper limb under parental 
supervision at home. 

Upper 
extremity 
Activity 

One certified physical 
therapist provided 
treatments for all the 
children. Between 
treatment sessions, 
children perfomed daily 
activities under parental 
supervision. 

Individualized home-
based interventions. 
The focus was on 
functional unilateral or 
bilateral upper 
extremity training 
using the principles of 
activity-oriented 
approach, 
neurodevelopment 
treatment techniques, 
and motor learning and 
control. Between 
treatment sessions, 
childeren performed 
daily activities with 
unilateral or bilateral 
upper limbs under 
parental supervision at 
home. 

 

Chiu, Ada, 
Lee 
(2013CA, 
2014) 

E Wii Sports Resort games: 
Bowling, Air Sports, Frisbee, and 
Basketball + usual therapy. 

Upper 
extremity 
Body 
functions 
and 
structures 

A trained therapist familiar 
with the four games 
supervised one session a 
week and the 
parents/carers supervised 
the other two sessions. 

Usual therapy only, 
which may have 
included upper limb 
training. 
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and activity The therapist was also 
available for telephone 
calls if necessary. 

Crocker,  
MacKay-
Lyons, 
McDonnell 
(1997) 

E  Upper 
extremity 
Activity 

The parents were 
instructed that the splint 
be worn for most of the 
waking hours. 

Regular therapy 
sessions 

 

Kim, Lee, 
Hwang, 
Lee, Kim, 
Park, You, 
Lee, Lee 
(2012) 

E The intervention consisted of a 
total of 8 exercises that 
enhanced the muscular strength 
of the upper limb including 
thetriceps brachii and extensor 
carpi radialis, and conveyed an 
effect of reaching the muscles 
out. 

Upper 
extremity 
Body 
functions 
and 
structures 

Although not specifically 
mentioned, one can 
assume that no therapist 
was present during the 
home-based training. 

Comprehensive hand 
repetitive intensive 
strength training 
(CHRIST) included 
treadmilltraining for the 
upper limb with body 
weight supporting the 
using upper limb and 
general rehabilitation. 

 

Naylor, 
Bower 
(2005) 

E Constraint of the unaffected arm 
was achieved by gentle restraint, 
with an adult holding the child’s 
unaffected hand during the 
activities. They were not 
restrained between activities but 
were allowed to have both hands 
free. Children were also 
encouraged verbally to ‘use their 
other hand’. Intervention 
followed a detailed programme 
of fine motor and play activities 
aimed at improving fine motor 
skills. Treatment sessions 
included action songs, playing 
with dough, sorting, threading, 
posting, jigsaws, and playing 
computer games with a touch 
screen. 

Upper 
extremity 
Activity 

The programme was 
administered by the child’s 
regular therapist and on 
other days as a home 
programme by parents. 

The children had rest 
from their regular hand 
therapy treatment. 
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Xu, He, 
Mai, Yan, 
Chen 
(2015) 

E CIMT with orthosis of the 
uninvolved hand at the hospital. 
In addition, at the end of the 
daily therapy, children were 
dismissed to a 1-hour home-
based exercise program, which 
was extended to 2 hours a day 
for 6 months following hospital-
based intervention. Children 
were engaged in therapeutic 
functional activities that 
provided the structured and 
intensive practice using the 
involved hand. Electrical 
stimulation was applied for 20 
minutes a day, 5 times a week 
for 2 weeks. 

Upper 
extremity 
Body 
functions 
and 
structures 
and activity 

Three certified 
occupational therapists 
provided treatments for all 
the children. They also 
worked with the caregivers 
by follow-up telephone 
calls once every two 
weeks to monitor whether 
the home-based exercise 
program was done daily. 

CIMT with orthosis of 
the uninvolved hand 
was provided 3 hours a 
session, 5 days a week 
for 2 weeks at the 
hospital. In addition, at 
the end of the daily 
therapy, children were 
dismissed to a 1-hour 
home-based exercise 
program, which was 
extended to 2 hours a 
day for 6 months 
following hospital-
based intervention. 
Children were engaged 
in therapeutic 
functional activities 
that provided the 
structured and 
intensive practice using 
the involved hand. 

Traditional 
Occupational Therapy 
was at the hospital. 
Traditional OT program 
involved functional 
unimanual and 
bimanual training, and 
consisted of advice and 
treatment aimed at 
reducing spasticity, 
improving hand 
function and activities 
of daily life, and the 
provision of appropriate 
orthotics. At the end of 
the daily therapy, 
children were 
dismissed to a 1-hour 
home-based exercise 
program, which was 
extended to 2 hours a 
day for 6 months 
following hospital-
based intervention.  
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Abd El-
Kafy, 
Elshemy, 
Alghamdi 
(2014)  

E An adapted protocol of a child-
friendly form of CIMT which 
included restraint of movement 
of the noninvolved extremity and 
a structured practice period for 
the involved extremity that 
encompassed two major 
elements: shaping and repetitive 
task practice. The treatment was 
carried out daily (six hours/day) 
in two separate sessions. The 
first session carried out in the 
clinic (four hours/day). The 
second was carried out in the 
child’s home (two hours/day) to 
maximize the similarity between 
the conditions of training and 
the normal life situation. The 
children were encouraged at 
home, outside the daily dose of 
training and at weekends, to use 
the affected limbs in different 
activities without restraining the 
non-involved side. The activities 
practiced were under the direct 
and close supervision of parents 
or caregivers. 

Upper 
extremity  
Activity 

Each child was assisted 
and supervised by two 
therapists during the 
performance of the 
treatment regimen. The 
caregivers were trained to 
carry out the training 
program at home. 

Conventional treatment 
exercise protocol 
without the structured 
practice and restraining 
of the movement of the 
non-affected side: Non-
Structured Movement 
Therapy (NSMT). The 
participating children in 
the control group 
received the same 
intervention protocol 
introduced for the 
intervention group with 
the same intensity and 
frequency of training 
but neither restraining 
the movement of the 
non-involved limbs nor 
shaping of the activities 
was included in the 
treatment program.  

 

Coker, 
Lebkicher, 
Harris, 
Snape 
(2009) 

E The mCIMT involved constraint 
of the non-affected limb as the 
child was engaged in 
developmentally appropriate, 
task specific activities 
implemented by therapists and 
parents. 

Upper 
extremity 
Activity 

One-on-one therapy 
sessions were provided 4 
days a week by an 
occupational therapist, a 
physical therapist, or 
occupational therapy 
graduate students 
supervised by a licensed 
occupational therapist. The 
parents were trained to 
provide a constraint 
program at home 3 days a 
week and given a written 
activity plan for these 1-

Conventional 
occupational and 
physical therapy (1 
hour of occupational 
therapy and 1 hour of 
physical therapy a 
week). The parents 
also worked on therapy 
goals at home, but 
without use of the 
restraint mitt or the 
mCIMT schedule. 
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hour home sessions. 

Facchin, 
Rosa-
Rizzotto, 
Visonà 
Dalla 
Pozza, 
Turconi, 
Pagliano, 
Signorini, 
Tornetta, 
Trabacca, 
Fedrizzi 
(2011) 

E Intensive rehabilitation program 
based on unimanual activities. 
The sessions lasted for 3 hrs: 
during the first part of the 
session (1,5 hr), the therapist 
interacted with the child, 
proposing unimanual activities of 
an appropriate level of difficulty, 
in relation to age and 
motivation. In the second part of 
the session (1,5 hr), the 
parents, who cooperate during 
all 3-hr sessions, were instructed 
to interact with their own 
children by proposing them 
unilateral tasks in play and 
ADLs. The parents were trained 
to carry out similar 3-hr sessions 
at home during the remaining 4 
days, as showed at the 
rehabilitation center (specific 
unilateral tasks during play and 
ADLs). 

Upper 
extremity 
Activity 

The child performed the 
therapeutic training under 
the supervision of the 
therapist and/or parents. 
The parents were also 
trained to carry out similar 
training sessions at home. 

A bimanual intensive 
rehabilitation program 
(bimanual IRP). The 
children were treated 
for hand impairment 
according to the same 
approach and with the 
same schedule at the 
rehabilitation center; 
the only differences 
were that the children 
did not wear the glove 
and were encouraged 
to solve tasks requiring 
the use of both hands. 
Parents were trained to 
carry out similar 
sessions at home 
during the remaining 4 
days. 

A traditional 
rehabilitation program, 
considered standard 
treatment (ST). This 
group is currently 
treated in territorial 
rehabilitation services. 
They usually undergo 
1-hr standard 
rehabilitation sessions 
once or twice a week, 
and the session 
frequency differs in 
relation to the child’s 
age. The infants 
receive physiotherapy 
twice a week, whereas 
preschool and school-
aged children attend 
occupational therapy 
once a week (40-60 
mins). 

Gross, 
Eudy, 
Drabman 
(1982) 

E The aim of therapy was to 
increase arm extension (i.e., 
elbow joint) in tasks consisting 
of reaching for objects. Parents 
were instructed to held a 
favorite toy or Froot Loop in 
front of the child and verbally 
prompted him/her to reach for it 

Upper 
extremity 
Body 
functions 
and 
structures 

The therapy was parent-
deliverd. The parents were 
trained by therapists. 

The children received 
20 min of physical 
therapy three times per 
week from the physical 
therapy staff. This was 
part of the children's 
regular school 
program. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2019-035454:e035454. 10 2020;BMJ Open, et al. Beckers LWME



using the target arm. 

Bagley, 
James, 
Van Heest, 
Tomhave 
(2013)CA 

E A home therapy program and 
continuation of regular ongoing 
therapy interventions. 

Upper 
extremity 

 Standard tendon 
transfer surgery. 

A series of three 
Botulinum toxin 
injections. 

Hoare, 
Imms, 
Rawicki, 
Carey 
(2010, 
2012)CA 

E Modified CIMT following upper 
limb injection of Botulinum 
toxin-A (BoNT-A), by restraining 
the unaffected hand using a 
neoprene mitt for 3 hours per 
day. All children received 1 hour, 
clinic-based, individual 
treatment sessions, twice weekly 
for 6 months and were required 
to undertake a home program. 

Upper 
extremity 
Activity 

 Bimanual occupational 
therapy (BOT) following 
upper limb injection of 
BoNT-A, incorporating 
task specific practice, 
motor skill acquisition 
principles and 
cognitive-motor based 
intervention. All 
children received 1 
hour, clinic-based, 
individual treatment 
sessions, twice weekly 
for 6 months and were 
required to undertake a 
home program. 

 

Klingels, 
Feys, 
Molenaers, 
Verbeke, 
Van Daele, 
Hoskens, 
Desloovere
, De Cock 
(2013)CA 

E An intensive therapy program to 
promote hand function combined 
with home-based modified CIMT 
(m-CIMT). All children had to 
wear a constraint on the 
unaffected hand for 1 hour, 5 
days/week for 10 weeks. 
Children in the m-CIMT+IT 
group received supplementary 
three sessions of 45 minutes 
weekly of intensive therapy on 
distal muscle strength and hand 

Upper 
extremity 
Activity 

 Home-based modified 
CIMT (m-CIMT). All 
children had to wear a 
constraint on the 
unaffected hand for 1 
hour, 5 days/week for 
10 weeks. 
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function, using unimanual and 
bimanual activities. 

Koseotlu, 
Esmaeilzad
eh, Capan, 
Baskent, 
Aydin 
(2013)CA 

E A combined protocol of modified 
constraint induced movement 
therapy (mCIMT) and bimanual 
training (BT) which include 3 
weeks of mCIMT followed by BT 
sessions (mCIMT+BT) of 3 
hours/day, 2 days/week for 3 
weeks. In both groups, 3 hour 
sessions at home during 3 days 
of the week were similarly 
provided under the supervision 
of parents. Total therapy 
duration provided by the 
therapist was 36 hours, home 
sessions’ duration was 54 hours, 
for each child. 

Upper 
extremity 
Activity 

 mCIMT sessions of 3 
hours/day, 2 
days/week, for 6 weeks 
(mCIMT). In both 
groups, 3 hour sessions 
at home during 3 days 
of the week were 
similarly provided 
under the supervision 
of parents. Total 
therapy duration 
provided by the 
therapist was 36 hours, 
home sessions’ 
duration was 54 hours, 
for each child. 

 

Sakzewski, 
Miller, 
Bowden, 
Ziviani, 
Boyd 
(2013, 
2014)CA 

E Distributed standard 
individualized therapy (SC). 
Standard care comprised 
6weekly occupational therapy 
sessions (9h direct) and a 12 
weeks home programme (30min 
daily, 6 days/week: 36 hours 
indirect therapy). 

  A block of intensive 
groupbased, hybrid 
therapy [COMBiT: 
modified constraint 
induced movement 
therapy (mCIMT) 
followed by bimanual 
training (BIM)]. 

 

	  
CA = conference abstract; F = feasibility study; BEF = both efficacy/effectiveness and feasibility study; E = efficacy/effectiveness study	  
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