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Traumatic brain injury (TBI) is a form of acquired brain in-
jury that occurs when a sudden external force causes damage 
to the brain.1 TBI is a leading cause of death and long-term 
disability in children worldwide,2–6 estimated to result in 
the hospitalization of 74 children per 100 000 annually.5 
TBI can affect the physical, social, emotional, and psycho-
logical functions of the individual involved,7 having signifi-
cant implications not only for the child but also their entire 
family.8–10 Such is the impact of TBI on the family that it has 
been referred to as a ‘family affair’.11

After hospitalization with TBI, many children will con-
tinue to experience physical impairments and require in-
tensive and, in some cases, long-term neurorehabilitation to 
support improvements and maintenance of motor function, 
including gross and fine motor function.12,13 Motor function 
is used in this context because it encompasses all aspects 
of movement, including the purely physical components of 
movement plus the perceptual and cognitive elements.14

The impact of TBI on function can be conceptualized using 
the common language of the International Classification of 

S Y S T E M A T I C  R E V I E W

Strategies supporting parent-delivered rehabilitation exercises to 
improve motor function after paediatric traumatic brain injury:  
A systematic review

David Young1,2   |    Sarah Cawood2  |    Kathryn Mares1  |    Robbie Duschinsky3  |   
Wendy Hardeman1

Received: 21 April 2023  |  Accepted: 7 September 2023

DOI: 10.1111/dmcn.15773  

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the 
original work is properly cited.
© 2023 The Authors. Developmental Medicine & Child Neurology published by John Wiley & Sons Ltd on behalf of Mac Keith Press.

Abbreviations: BCT, behaviour change technique; BCTTv1, Behaviour Change Technique Taxonomy v1; COM-B, Capabilities, Opportunities, and Motivation - Behaviour 
model; RoB 2, revised Cochrane Risk-of-Bias Tool for Randomized Trials; ROBINS-I, Risk Of Bias In Non-randomized Studies - of Interventions; TBI, traumatic brain injury.

1School of Health Sciences, University of East 
Anglia, Norwich, UK
2Women and Children's Services, 
Addenbrooke's Hospital NHS Foundation 
Trust, Cambridge, UK
3Primary Care Unit, Department of Public 
Health and Primary Care, University of 
Cambridge, Cambridge, UK

Correspondence
David Young, School of Health Sciences, 
University of East Anglia, Norwich Research 
Park, Norwich NR47TJ, UK.
Email: david.k.young@uea.ac.uk

Funding information
National Institute for Health and Care 
Research, Grant/Award Number: Clinical 
Doctoral Research Fellowship (NIHR301583)

Abstract
Aim: To identify and analyse ways in which parents are supported to deliver reha-
bilitation exercises to their child after traumatic brain injury (TBI), conceptualized 
as strategies.
Method: A systematic search was completed using seven online databases and three 
grey literature databases, from inception to November 2021. The included studies fo-
cused on physical rehabilitation in children after TBI with the involvement of parents 
as hands-on deliverers or facilitators of rehabilitation (e.g. supervising the exercise). 
Intervention descriptions were reviewed to identify strategies; this was followed by 
fine-grained analysis using the Behaviour Change Wheel to identify intervention com-
ponents. Risk of bias was analysed using the revised Cochrane Risk-of-Bias Tool for 
Randomized Trials or the Risk Of Bias In Non-randomized Studies - of Interventions.
Results: Six interventions including 211 participants and one trial protocol met the 
inclusion criteria. All studies included a proportion of children diagnosed with TBI 
and four studies included mixed samples of acquired brain injury or cerebral palsy. 
All interventions included elements of goal setting and instruction.
Interpretation: Interventions focus heavily on the initiation of physical rehabilita-
tion, but focus less on the longer-term maintenance of rehabilitation delivery. Further 
research should integrate perspectives from parents to inform the development of 
new interventions.

www.wileyonlinelibrary.com/journal/dmcn
mailto:
https://orcid.org/0000-0003-2914-3542
http://creativecommons.org/licenses/by/4.0/
mailto:david.k.young@uea.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fdmcn.15773&domain=pdf&date_stamp=2023-10-04


2  |      YOUNG et al.

Functioning, Disability and Health for Children and Youth.15 
This framework considers functioning according to the struc-
tures and functions of the body, activity limitations, and par-
ticipation while also considering the impact of an individual's 
personal and environmental factors. Rehabilitation exercises 
aim to improve and maintain motor function; this requires 
intense repetition of specific activities that are important to 
support the process of neuroplasticity.16 Neuroplasticity is the 
ability of the brain to adapt and reorganize neural networks 
in response to environmental stimuli, experiences, and chal-
lenges;17 work is ongoing to understand more about the dose–
response relationships within rehabilitation.18,19

Family-centred care after paediatric traumatic 
brain injury

Evidence demonstrates that the outcomes for children and 
families are reciprocal and bidirectional.20 It is for this reason 
that support for the child and their family is so important, with 
patient-centred and family-centred care widely considered as 
best practice.21 Where families have been supported to deliver 
rehabilitation exercises, it is often parents that are supported.10,12

It is the role of health care professionals, such as physio-
therapists and occupational therapists, to empower parents 
and legal guardians (hereon referred to as ‘parents’) to be 
able to continue their child's rehabilitation exercises at home 
with support from community services so that the transi-
tion to home is safe and with the aim of improving long-term 
outcomes.22 This type of support is complex and multifac-
eted, involving elements of behavioural change on the part 
of parents to learn, prioritize, and follow relevant recom-
mendations from health care professionals.23–25

While family-centred care and the involvement of parents 
has long been considered an important element of rehabilita-
tion,10,26,27 little is known about how parents are actually sup-
ported to deliver rehabilitation exercises. This is an important 
consideration, emphasized by the fact that behavioural change 
and parent-supported rehabilitation are among the James Lind 
Alliance top 10 research priorities within physiotherapy.28 To 
shed light on how parents are supported to deliver rehabilita-
tion, an approach is required to move beyond descriptions of 
interventions to understand their component parts. We pro-
pose that behavioural change theory and frameworks provide 
an appropriate method for doing this.

Importance of behaviour change to support the 
delivery of rehabilitation at home

To enhance our understanding of how interventions can 
achieve behaviour change, analysis beyond the basic de-
scription of their delivery is required. To understand the 
active ingredients of interventions (e.g. goal setting) and 
identify promising strategies for future interventions, 
Michie et al.29 developed the Behaviour Change Technique 
Taxonomy v1 (BCTTv1). A behaviour change technique 

(BCT) is an ‘observable, replicable, and irreducible com-
ponent of an intervention’.29 Furthermore, the Behaviour 
Change Wheel30 provides a complementary framework 
to unpack complex, multifaceted interventions, support-
ing parents in delivering rehabilitation to their child. 
Interventions can be characterized in terms of interven-
tion functions, that is, broad categories of means through 
which behaviour change may be achieved (e.g. education). 
Finally, in terms of the respective targets of the interven-
tions and their mechanisms of action, the Capabilities, 
Opportunities, and Motivation - Behaviour (COM-B) 
model30 and Theory and Techniques Tool31,32 can be used 
to aid understanding.

This systematic review aimed to identify existing inter-
ventions designed to support parents to deliver rehabilitation 
exercises aimed at improving the motor function of their 
child after a TBI. The means by which support for parents is 
delivered, conceptualized as strategies, was identified from 
the description of interventions, followed by a fine-grained 
analysis of component BCTs, intervention functions, and 
mechanisms of action.

M ETHOD

This systematic review was carried out in accordance with the 
protocol published with PROSPERO (no. CRD42021290183). 
This review has been reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.33

Inclusion criteria

Study type

Studies were included if they were published in peer-reviewed 
journals and met the inclusion criteria, regardless of the lan-
guage they were written in. For non-English studies, support 
was sought for translation from colleagues with appropri-
ate expertise in the field who were fluent in the required 
language to enable translation and assess eligibility of the 

What this paper adds

•	 Parents need support to deliver or supervise reha-
bilitation exercises.

•	 The interventions identified in this review sup-
ported goal setting, action planning, and learning 
rehabilitation exercises.

•	 Interventions focused primarily on the initiation 
of exercises but less on maintenance.

•	 Rehabilitation is complex and new approaches are 
needed to better support parents.

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15773 by U
niversity O

f E
ast A

nglia, W
iley O

nline L
ibrary on [09/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  3SUPPORT FOR PARENT DELIVERED REHABILITATION EXERCISES

study against the inclusion criteria. Published, unpublished 
(e.g. doctoral theses), and grey literature using quantitative, 
qualitative, or mixed methods approaches were included. 
This included studies describing intervention development 
or evaluation of interventions through randomized con-
trolled trials, pilot or feasibility studies, or observational 
studies. Study protocols were included if they met the inclu-
sion criteria.

Participant and population inclusion criteria

Participants were the parents of children (younger than 
18 years at the time of their injury) with a diagnosis of TBI. 
Studies where the child with TBI was the recipient of the 
intervention were included, provided that explicit reference 
was made to parent involvement in the description of the 
participants or the intervention. Studies that included no 
reference to parents were excluded.

Studies describing patient groups other than TBI (e.g. 
those affected by an acquired brain injury) were included 
if they made explicit reference to the inclusion of partici-
pants with TBI. Studies that made no reference to TBI were 
excluded.

Interventions

The studies included in this review reported interventions 
that referred to the delivery of rehabilitation exercises aimed 
at improving the motor function (including physical func-
tion) of children after a TBI. The interventions included 
could additionally target other areas of human functioning 
(e.g. cognitive function), provided that the intervention also 
explicitly targeted motor function.

Outcomes

The main outcome of interest was the motor function of 
children, including gross and fine motor function. Interven-
tion development work and feasibility studies did not need to 
make explicit reference to outcomes.

Search strategy

An in-depth systematic search strategy was developed ac-
cording to the patient/population, intervention, comparison, 
and outcomes criteria, in consultation with the review team 
and a specialist librarian (Appendix S1).

Online database search

One author (DY) conducted systematic searches using 
seven online databases, including MEDLINE, Allied and 

Complementary Medicine, Cumulative Index to Nursing 
and Allied Health Literature, PsycINFO, Embase, Scopus, 
and the Cochrane Library, including the Cochrane Central 
Register of Controlled Trials, from inception to 2nd Novem-
ber 2021. Searches were conducted with no geographical lo-
cation or language restriction.

Search terms consisted of different variations of key-
words, including combinations of (1) population (child* 
OR teen* OR youth) AND (mother* OR father* OR par-
ent* OR famil*); (2) intervention (physiotherp* OR physi-
cal therap* OR PT OR occupational therapist OR OT); and 
(3) outcome (motor* OR movement* OR physical func-
tion*). There was no requirement for studies to include a 
control group. Keywords were combined using Boolean 
logic (AND, OR, NOT); advanced search techniques, such 
as Medical Subject Headings, were used where relevant. 
For the search strategies employed in each database, see 
Appendix S2.

Grey literature searches

One author (DY) conducted systematic searches in three 
grey literature databases, including Ethos, Open Grey, and 
ProQuest from inception to 26th November 2021. Search 
terms were based around the patient/population, interven-
tion, comparison, and outcomes criteria as outlined earlier 
and modified for each database.

Identification of studies

All identified studies were exported to EndNote X9 (Clari-
vate, Philadelphia, PA, USA) and deduplicated. Titles and 
abstracts were reviewed against the inclusion criteria by the 
lead author (DY); a random sample of 20% of studies was 
double-screened by a second reviewer (SC) at the title and 
abstract screening phase.34 Interrater reliability of paper se-
lection using Cohen's kappa was calculated.35

The full texts of the studies retained were downloaded 
and screened by the lead author (DY), with a random sample 
of 20% double-screened by a second reviewer (SC). Interrater 
reliability was again assessed using Cohen's kappa.35 The 
reasons for the exclusion of studies at the full-text screening 
phase are reported in the PRISMA flow diagram (Figure S1). 
A third reviewer (WH) was on hand to facilitate discussion 
about disagreements between reviewers.

Theses identified from the grey literature searches were 
screened for eligibility by the lead author (DY) at the title, 
abstract, and full-text screening phases.

Data extraction

The primary purpose of this review was to identify strategies 
used to support parents to deliver rehabilitation exercises, 
which informed the data extraction and synthesis processes. 

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15773 by U
niversity O

f E
ast A

nglia, W
iley O

nline L
ibrary on [09/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4  |      YOUNG et al.

Data extraction also included numerical data related to the 
effectiveness of interventions; however, this was not the pri-
mary purpose of the review.

Data extraction was completed by the lead author using 
a custom-made data extraction template, with the extracted 
data relating to intervention descriptions and strategies 
checked for accuracy by two other reviewers (KM and WH). 
The template was developed in agreement with the review 
team and piloted with one of the studies included before 
use with all studies included in the review. Extracted data 
included general content, such as study title, lead author's 
name, country, year, and journal name; study characteris-
tics, such as design, number of groups, study aims, recruit-
ment method, and number of participants; and participant 
baseline characteristics, such as age, sex, ethnicity, and type 
of injury. Outcome measures and study outcomes using nu-
merical data were also extracted, although this was not the 
primary purpose of the review.

Identification of intervention content

Intervention descriptions from the studies included were 
independently reviewed by two reviewers (DY and KM) to 
identify strategies. Where a protocol was accepted alongside 
a published study, data were extracted from both. Identi-
fied strategies were discussed; where discrepancies existed, 
a third reviewer (WH) supported discussion until agreement 
was reached.

Intervention strategies were reviewed and component 
BCTs were independently coded by two reviewers (DY and 
WH) using the BCTTv1.29 The BCTTv1 is a taxonomy of 
93 hierarchically structured BCTs divided into 16 groups 
through expert consensus, which is applied extensively 
within behavioural science.29 The lead author and first 
coder (DY) completed the accredited online BCT training 
course;36 the second coder coauthored the BCTTv1 (WH).29 
BCTs were coded each time they appeared in the interven-
tion and control conditions to provide insight into both 
their presence and intensity. Coders additionally assigned 
the level of certainty with which each BCT was present: a ‘+’ 
symbol was assigned when the BCT was thought to be pres-
ent in all probability; ‘++’ was assigned when the BCT was 
deemed present beyond all reasonable doubt. The two coders 
discussed any discrepancies until agreement was reached.

Subsequently, for each BCT, all the corresponding in-
tervention function(s) were coded using Table 3.3 of the 
Behaviour Change Wheel book.30 Reviewers did not make 
judgements about the relevance of each intervention func-
tion to the BCT. They also coded relevant mechanism(s) of 
action using the Theory and Techniques Tool,31 a tool that 
triangulates evidence from published literature and expert 
consensus of 26 mechanisms of action with 74 BCTs. Finally, 
Tables 2.2 and 2.3 of the Behaviour Change Wheel book30 
enabled coding of intervention function(s) and mecha-
nism(s) of action against the COM-B model to describe the 
behavioural targets of BCTs.

Data synthesis

Patterns between intervention content (including BCTs, 
intervention function, mechanisms of action, and COM-B 
behavioural targets) and outcomes were synthesized in a 
narrative way, in accordance with guidance from Popay 
et al.37

Quality assessment

The quality and risk of bias of the studies included were 
assessed using the revised Cochrane Risk-of-Bias Tool for 
Randomized Trials (RoB 2)38 or the Risk Of Bias In Non-
randomized Studies - of Interventions (ROBINS-I) assess-
ment tool,39 depending on study design.

The RoB 2 offers a framework to consider the risk of bias 
of findings from any form of randomized trial.38 Overall risk 
of bias ranges from low to high, with ‘some concerns’ provid-
ing an intermediate rating.

The ROBINS-I tool supports consideration of risk of bias 
from non-randomized studies of the effects of interventions; 
it compares the effects of two or more interventions.39 Over-
all, risk-of-bias ratings range from low to critical, with ‘lack 
of information’ used where there is no clear indication of risk 
of bias.

Two reviewers (DY and SC) independently applied the 
relevant tool and assessed the risk of bias for the studies 
included in the review. Reviewers compared findings and 
discussed discrepancies until agreement was reached, with a 
third reviewer supporting discussions where needed (WH).

R E SU LTS

Database searches

Database searches identified a total of 8355 studies: MED-
LINE (1569); Allied and Complementary Medicine (123); 
Cumulative Index to Nursing and Allied Health Literature 
(761); PsycINFO (2403); Embase (1886); Scopus (1085); and 
the Cochrane Library (528). A total of 1855 duplicates were 
removed, which left 6470 studies available for screening. 
Supplementary grey literature searching identified a total of 
879 theses: Ethos (20); Open Grey (4); and ProQuest (855).

Selection process

There was substantial agreement between reviewers for 
the title and abstract screening (k = 0.62 from 1294 studies; 
overall agreement of 99%).35 After the initial screening, 86 
full texts were taken forward with almost perfect agreement 
between reviewers (k = 0.82 from 18 studies; total agreement 
94%). The full text of one study could not be located despite 
multiple attempts.40 The main reasons for study exclusion 
were no reference to parents in the intervention descriptions, 
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or the focus not being physical or motor function  (see 
Appendix S3 for the full details).

Because interrater reliability of the study title and ab-
stract screening had substantial agreement (k = 0.62), and 
full-text screening had almost perfect agreement (k = 0.82), 
the identified theses from the grey literature searches were 
reviewed by one reviewer (DY). A total of 877 theses were 
removed after title and abstract screening. Two theses were 
taken forward to full-text review, but neither ultimately met 
the eligibility criteria.

In total, two studies41,42 and one study protocol43 met the 
inclusion criteria after full-text screening. Four additional 
studies44–47 were identified through manual searching of 
reference lists (see Figure S1 for details).

Summary of studies

Study and participant characteristics

In total, six studies evaluating six different interventions 
and one study protocol met the inclusion criteria,41–47 with 
full details provided in Table 1. Studies were published over 
a 13-year period between 2003 and 2016; all were written 
in English. Studies were conducted in Australia,47 Brazil,41  
Israel,42,46 Italy,44 and the USA;45 none were conducted in  
the UK.

Studies included a total of 211 participants (ranging from 
7 to 87), and all included a mixture of males and females. 
Participant age varied between studies; however, all partici-
pants were aged between 5 and 17 years. Two studies exclu-
sively included participants who sustained a TBI,41,44 three 
included participants diagnosed with an acquired brain 
injury, with a proportion having sustained a TBI (ranging 
between 38% and 53% of the sample),45–47 and one study 
had equal proportions of participants diagnosed with TBI 
and cerebral palsy.42 Intervention duration lasted between 
2 weeks and 1 year.

Study design

Studies used a range of designs: randomized controlled 
trial;41 pilot randomized trial;47 feasibility study involv-
ing randomization;42 feasibility study involving multiple 
case studies;45 non-randomized, self-control study with 
control and intervention periods;46 and before/after com-
parison study.44 Four studies included a control group 
who either received no care,44 received usual care in an 
outpatient clinic environment,41 or usual care in the 
community.42,47

Outcome measures

A range of 19 different outcome measures were used to as-
sess changes in participants' motor function across the six 

studies. Only three outcome measures were common to 
more than one study (10-Metre Walking Test, 2-Minute 
Walk Test, and energy expenditure index); all three related 
to walking performance and the studies were conducted 
by the same lead researcher.42,46 Upper-limb dexterity and 
function were assessed using the highest number of different 
outcome measures (seven in total), as described in Appen-
dix S4. Due to the heterogeneous outcome measures, meta-
analysis was not possible.

Parent involvement in rehabilitation

In this section, we report the different roles that parents 
have in their child's rehabilitation across studies, from ac-
tive delivery of rehabilitation exercises to supervising their 
child.

All studies included an initial training period whereby 
the recipient of the intervention was trained to deliver and 
practise the rehabilitation exercises. In one study, parents 
were the primary focus of training and delivery of reha-
bilitation exercises to their child with TBI.41 In this study, 
parents observed the professionals performing the inter-
vention and assumed increasing responsibility as their 
competence increased. Parent involvement in their child's 
rehabilitation was somewhat different in the remaining 
studies.

Two studies included some parent-delivered rehabilitation 
whereby a parent received training from therapists to deliver 
rehabilitation exercises alongside therapists or other hospi-
tal staff.44,45 Both studies implemented constrained induced 
movement therapy interventions where a parent codelivered 
the rehabilitation. Three studies involved a therapist train-
ing the child on how to complete the rehabilitation exercises 
at home,42,46,47 with parents also present. In these studies, 
parents were required to supervise the child, completing the 
rehabilitation exercises within the home environment.

Training in most studies included a description and 
demonstration of how to perform the exercises, with an el-
ement of tailoring to the participant, for example, individ-
ualized goal setting or agreeing dosage based on baseline 
assessment measures. Some interventions included regular 
contact from therapists or the research team to review prog-
ress, troubleshoot problems, or update goals and plans. In all 
cases, a parent was present with the child at the time of these 
follow-up contacts. In addition, some interventions also in-
cluded diaries and reward charts for monitoring progress.

Context of rehabilitation delivery

Rehabilitation exercises were delivered within the home 
environment in four of the studies.41,42,46,47 In one study, 
rehabilitation exercises were delivered in a specialist reha-
bilitation unit;45 in the other study, rehabilitation exercises 
were delivered using a combination of home environment 
and specialist rehabilitation unit.44
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Adherence to rehabilitation

Adherence is the extent to which an individual's behav-
iour aligns with a health professional's recommendation.25 
No studies specifically reported parental adherence to the 
delivery of rehabilitation exercises at home. Three studies 
retrospectively assessed and reported child adherence to 
recommended rehabilitation exercises with parental super-
vision. In two studies, adherence data were extracted from 
self-reported records using paper-based exercise diaries.42,46 
Another study captured and analysed adherence data elec-
tronically47 (Table 1).

Summary of interventions

Intervention content and targets

Of the six interventions analysed, two targeted improve-
ments in lower-limb strength and endurance through 
sit-to-stand and step-up exercises completed at varying 
intensities.42,46 Two targeted improvements in the upper-
limb function of children with unilateral paralysis through 
constrained induced movement therapy.44,45 One interven-
tion targeted both motor and cognitive function through 
an integrated programme of bespoke exercises translated 
into simple activities using illustrations.41 One interven-
tion targeted occupational performance, upper-limb func-
tion, and visual perception using a multimodal Web-based 
rehabilitation intervention, that is, ‘Move it to improve it’.47

When considering the target recipient of the interven-
tions, only one of the six interventions focused solely on 
parent-delivered rehabilitation to a child after TBI.41 The 
remaining studies all explicitly referred to parents being 
involved in either the delivery of aspects of the rehabilita-
tion44,45 or being present when the child received training on 
the content of the intervention.42,46,47 In all instances, par-
ents were requested to supervise their child completing the 
exercises when parents themselves did not deliver any aspect 
of the intervention.42,46,47

Behavioural change techniques included in 
interventions and control groups

In total, 24 BCTs were coded across the six interventions. 
Interventions included between six44 and 16 BCTs41,47 with 
an average of 11.67 BCTs per intervention (Table  S1). The 
intervention target was identified (parent or child) as some 
interventions involved parent-delivered rehabilitation while 
others targeted the children themselves. The two most fre-
quently coded BCTs, which featured in all six interventions, 
were ‘1.1 Goal setting (behaviour)’ and ‘4.1 Instruction on 
how to perform the behaviour’, each coded 10 times in total 
across the six interventions. The BCT ‘1.4 Action planning’ 
was also coded in all six interventions and was coded eight 
times in total.

Several BCTs were consistently coded together: ‘1.1 Goal 
setting (behaviour)’ and ‘1.4 Action planning’ were coded 
together in five of the six intervention descriptions.42,44–47 
Furthermore, the ‘4.1 Instruction on how to perform the be-
haviour’, ‘6.1 Demonstration of the behaviour’, and ‘8.1 Be-
havioural practice/rehearsal’ BCTs were coded together in 
five of the six interventions.41,44–47 These BCTs were coded 
where participants received instruction or training in prepa-
ration for repeating the exercises independently.

In three of the four studies that included a control group, 
no BCTs could be coded because control groups either re-
ceived no intervention44 or ‘usual care’.42,47 In one study, 
three BCTs were coded that were also included in the 
intervention.41

Intervention functions identified in 
intervention and control groups

From the nine possible intervention functions, eight were 
coded as being present within the interventions; the ex-
ception was ‘Restriction’. The three most frequently coded 
intervention functions were ‘Enablement’, ‘Training’, and 
‘Incentivisation’ (coded 55, 44, and 17 times respectively, 
across all interventions).

Within the descriptions of the control groups, three in-
tervention functions were coded: ‘Education’ (coded once), 
‘Persuasion’ (coded once), and ‘Enablement’ (coded twice).

Mechanisms of action identified in the 
intervention and control groups

In total, 19 different mechanisms of action were coded in re-
lation to the identified intervention BCTs. The three most 
frequently coded were ‘Beliefs about capabilities’, ‘Skills’, 
and ‘Goals’ (coded 29, 25, and 17 times respectively, across 
all interventions).

Within the description of the control groups, eight mech-
anisms of action were coded: ‘Knowledge’; ‘Beliefs about 
consequences’; ‘Intention’; ‘Attitude towards the behaviour’; 
‘Perceived susceptibility/vulnerability’; ‘Social influences’; 
‘Beliefs about capabilities’; and ‘Behavioural regulation’ (all 
coded once).

Components of capability, opportunity, and 
motivation in the intervention and control groups

From the six individual components of the COM-B model, 
all were coded as being targeted by the identified interven-
tion BCTs. In descending order: ‘Reflective motivation’ was 
coded 85 times; ‘Psychological capability’ was coded 43 
times; ‘Physical capability’ was coded 34 times; ‘Social op-
portunity’ was coded 18 times; ‘Automatic motivation’ was 
coded 10 times; and ‘Physical opportunity’ was coded six 
times.
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10  |      YOUNG et al.

Within the control groups, three components of the 
COM-B model were coded: ‘Social opportunity’ (coded 
once); ‘Psychological capability’ (coded twice); and ‘Reflec-
tive motivation’ (coded twice).

Quality appraisal and risk of bias

Overall, three studies were assessed for risk of bias using the 
RoB 2 and all were deemed to be at high risk of bias (Ap-
pendix  S5).41,42,47 The main potential sources of bias were 
the impact of missing outcome data and the measurement 
of outcomes, with particular concern from lack of assessor 
blinding.

Two studies were assessed for risk of bias using the ROB-
INS-I tool.44,46 The studies were deemed to be at either se-
rious44 or critical46 risk of bias (Appendix  S6). The main 
sources of risk of bias were selection of participants to the 
intervention and deviations from the intended intervention, 
particularly because of high participant withdrawal rates. 
Measurement of outcomes with lack of assessor blinding was 
also problematic.

The feasibility study consisting of multiple case studies45 
was not assessed for risk of bias because an appropriate tool 
could not be identified.

DISCUSSION

Parents experience increased stress and significant chal-
lenges after their child's TBI.3,9 Parents are required to de-
liver rehabilitation to their child in the home environment 
after leaving hospital; however, little is known about how 
parents are supported to do this. For the first time, this sys-
tematic review identified and unpacked strategies used to 
support parents to deliver rehabilitation exercises to their 
child after TBI.

Six studies evaluating six interventions delivered to 211 
participants were analysed. While parents were the target 
population for this systematic review, only one intervention 
focused directly on the question of how to support parent-
delivered rehabilitation.41 This may reflect the current lack 
of awareness and understanding about the parent's role in 
their child's physical rehabilitation and indicates the lack of 
emphasis given to this area of clinical research. One inter-
vention, for example, considered parental involvement en-
tailing no more than their mere presence in the room while 
the child received training from a physiotherapist. Katz-
Leurer et al.46 described that parents were ‘passive observers’ 
in meetings where the child was taught how to complete the 
rehabilitation exercises; parents were expected to learn the 
exercises through observation and then supervise their child 
at home.

The interventions involved parents in their child's 
rehabilitation in three main ways. First, parents were 
taught to actively deliver rehabilitation exercises after ed-
ucation from appropriately qualified professionals (e.g. 

physiotherapists or occupational therapists).41,44,45 Sec-
ond, parents were supervisors of their child's rehabilita-
tion.42,46,47 Finally, parents were involved in the planning 
and logistic tasks related to their child's rehabilitation; 
this is particularly evident in that logistical reasons (e.g. 
travel distance and time) were cited as the main reason for 
participant withdrawal from studies.41,46 It is therefore im-
portant for interventions to consider support for parents 
in all three ways.

We identified common active ingredients across inter-
ventions. Three BCTs were present in all interventions: 
‘Goal setting (behaviour)’, ‘Action planning’, and ‘Instruc-
tion on how to perform the behaviour’. The ‘Goal setting 
(behaviour)’ and ‘Action planning’ BCTs were frequently 
coded together, which is appropriate because they are 
complementary techniques; in circumstances where be-
havioural goals are defined by context, frequency, dura-
tion, or intensity, they require joint coding.36 Additional 
BCTs that appeared frequently across interventions and 
were delivered jointly on multiple occasions were those 
related to instruction, demonstration, and practice. These 
groups of BCTs are key findings from the review because 
when active ingredients are grouped, this can aid their 
delivery and effectiveness.48 Goals and planning, as well 
as training, demonstration, and practice are essential pro-
cesses required for learning, planning, and implementing 
rehabilitation exercises. These BCTs all target ref lective 
motivation which, together with capability and opportu-
nity, support the participant to actively engage in the in-
tervention and consciously enact new behaviours through 
the creation of plans and evaluation that informs the in-
tention to act.49,50

Given the necessary repetitive, long-term nature of 
rehabilitation exercises required for neuroplasticity, it 
is somewhat surprising that interventions have not also 
prioritized the maintenance of delivery of exercises over 
time. Our analysis revealed that some active ingredients 
are surprisingly absent from the interventions. The BCT 
‘Prompts/cues’, which considers the environmental or so-
cial stimuli for prompting or cueing behaviour, was not 
coded in any interventions; however, it was present in 
another systematic review of interventions, with signif-
icant positive effect for supporting the maintenance of 
physical activity.51 Furthermore, ‘Generalization of target 
behaviour’ was also absent; this would include advice to 
implement rehabilitation exercises outside a specific con-
text (e.g. implementing balance-based exercises in the 
local park in addition to the home environment). Studies 
included in this review were primarily feasibility studies 
conducted over a period of weeks to a few months, which 
may explain the focus on initiation as opposed to mainte-
nance of rehabilitation exercises.

The nature of repetitive daily physical rehabilitation 
exercises lends itself well to the development of habits, as 
noted elsewhere.51 Habitual behaviours are enacted when a 
situation triggers an action with little or no conscious fore-
thought, learned through practice and rehearsal.52 Habit 
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      |  11SUPPORT FOR PARENT DELIVERED REHABILITATION EXERCISES

also supports the maintenance of behaviours when con-
scious motivation decreases.49 This would go beyond the 
conscious processes of planning and initiating behaviours to 
more automatic processes, which are triggered by the envi-
ronment. The ‘Habit formation’ BCT was coded only twice 
across interventions, with coders concluding that the BCT 
was present in all probability. This is because study authors 
referred to incorporating rehabilitation exercises into family 
routines, as opposed to building habits per se.41,43 Notably, 
‘Habit formation’ was coded in the two interventions with the 
longest study durations of the accepted studies: 20 weeks43,47 
and 1 year.41 Again, this emphasizes the need for future in-
terventions to include BCTs that support the maintenance of 
rehabilitation exercise delivery over time.

Similarly, problem-solving is an evidence-based BCT wor-
thy of further consideration in the context of empowering 
parents to delivery rehabilitation exercises. The ‘Problem-
solving’ BCT was coded six times across interventions; how-
ever, these primarily related to professional problem-solving 
after participant feedback or problem-solving technical is-
sues. According to the BCTTv1, problem-solving is about 
empowering parents to analyse factors, which helps in over-
coming barriers or aiding facilitators in delivering rehabili-
tation exercises. This could be considered part of the wider 
discourse around family-centred care and parent-delivered 
rehabilitation (also referred to as ‘parent self-management’ in 
the literature) where support seeks to move from a paternal-
istic model to one of shared power and ownership.53 Wong 
Chung et al.53 investigated health care professionals' moti-
vation to support parental self-management when working 
with children with physical disabilities. They found that 
around 90% of participants taking part in a mixed-methods 
study believed that parents should take an active role in their 
child's rehabilitation, whereas less than 10% considered par-
ents taking the initiative and being independent actors in 
the rehabilitation process as being important.53 The study 
additionally found that sharing responsibility could be diffi-
cult for professionals as they navigate maintaining authority 
and control with sharing responsibility with parents. This is 
echoed in the qualitative synthesis of literature carried out 
by Lord et al.54 relating to parent-delivered therapy interven-
tions for children with cerebral palsy, which highlighted the 
need for support, trust, and shared decision-making in help-
ing to build trusting relationships.

Four of the six studies included in this review involved 
mixed samples of children diagnosed with an acquired 
brain injury or cerebral palsy. Both conditions encapsu-
late complex neurological disorders that frequently lead to 
motor impairments; however, they also include a high de-
gree of variability in the nature of the injury and the tim-
ing of neurological insult on the developing brain.55 The 
need to support parent-delivered rehabilitation among 
diverse populations should not be homogenized and as-
sumed. Rather, appropriate investigation and stakeholder 
engagement must be undertaken to ensure that interven-
tions are created to adequately meet the needs of their end 
users.24

The findings from this review suggest that much more 
research is needed to develop theory-based and evidence-
based interventions providing support for parents to deliver 
rehabilitation exercises. There is a need to go beyond the 
initial education, goal setting, and planning for the delivery 
of exercises to consider the longer-term, complex nature of 
rehabilitation delivery in a real-world setting and helping to 
support the maintenance of delivery of exercises over time.

Strengths, limitations, and directions for 
future research

This review is the first to examine support for parent-
delivered rehabilitation exercises after childhood TBI, 
generating evidence to inform practice. The fine-grained 
approach to identifying strategies and coding BCTs is a 
real strength of this review; however, it is possible that not 
all BCTs included within the interventions were identified. 
This is because of insufficient reporting of the intervention 
content, which limits detailed understanding and the ability 
to adapt interventions for different contexts.24

Another strength of the review is that risk-of-bias tools 
for the study methodology were completed by two reviewers. 
All studies had methodological flaws and were deemed to 
be at high, serious, or critical risk of bias. This leads to cau-
tion about the interpretation of the results. Nonetheless, the 
primary purpose of the review was to complete an in-depth 
analysis of the strategies used to support parents to deliver 
rehabilitation to their child and that has been achieved.

There is a paucity of evidence for parent-delivered reha-
bilitation exercises for children after TBI and only one ran-
domized controlled trial was identified.41 This is a limitation 
of the evidence, which means that there was no possibility 
for meta-analysis of the outcomes. This is further evidenced 
by the fact that many of the studies were feasibility studies of 
new interventions.

The studies identified have some clinical heterogeneity 
with regard to both the participants included in the stud-
ies and the study methodologies used. Using qualitative re-
search, future research should seek to understand the needs 
of users and other key stakeholders from their own perspec-
tives. This is recommended by best-practice guidance for 
intervention development and will support the acceptability 
and usability of interventions.24,50 Evidence from the pres-
ent systematic review and subsequent qualitative research 
could then be used together to provide an evidence base 
when coproducing interventions with parents, children, 
rehabilitation professionals, and other key stakeholders. 
Such approaches to coproduction will go some way in help-
ing to address power imbalances and better support parent 
self-management.53

Future research should also seek to provide detailed de-
scriptions about the content of interventions and the under-
lying theory to provide rigour and transparency to the design 
process and enable the replication of interventions.24 This 
will help to develop further evidence about parent-delivered 
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rehabilitation and suggest which BCTs and elements of in-
terventions are particularly important in supporting be-
havioural change.

Conclusions

This is the first systematic review to examine in depth how 
interventions have supported parents to deliver rehabilita-
tion exercises to their child after TBI. The active ingredients 
and intervention content we identified can be used to inform 
future theory-based and evidence-based interventions. Our 
findings suggest that instruction, demonstration, and prac-
tice, as well as goal setting and planning, are particularly 
important elements of interventions aimed at increasing the 
skills and motivation of parents who deliver or support the 
delivery of rehabilitation exercises. However, future inter-
ventions need to consider the longer-term maintenance of 
behaviours related to rehabilitation delivery. Intervention 
developers should consider coproducing interventions and 
provide clear descriptions of their content to aid evaluation, 
implementation, and adaptation for different contexts.

AC K NO​W L E ​D G E ​M E N T S
This project was funded by the National Institute for Health 
and Care Research (NIHR) (Clinical Doctoral Research Fel-
lowship no. NIHR301583). The views expressed are those of 
the authors and not necessarily those of the NIHR or the De-
partment of Health and Social Care.

We thank Matthew Smith and Isla Kuhn, the specialist 
librarians who have done so much to support this systematic 
review. We also thank Maria Barnett, Mathilde Chevignard, 
and Monica Musgrave for their help with translating the 
studies.

DATA AVA I L A BI L I T Y S TAT E M E N T
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

ORC I D
David Young   https://orcid.org/0000-0003-2914-3542 

R E F E R E N C E S
	 1.	 National Institute of Health - National Institute of Neurological 

Disorders and Stroke. Traumatic Brain Injury (TBI). 2023.
	 2.	 Hayes L, Shaw S, Pearce MS, Forsyth RJ. Requirements for and cur-

rent provision of rehabilitation services for children after severe ac-
quired brain injury in the UK: a population-based study. Arch Dis 
Child. 2017;102(9):813–20.

	 3.	 Kirk S, Fallon D, Fraser C, Robinson G, Vassallo G. Supporting par-
ents following childhood traumatic brain injury: a qualitative study 
to examine information and emotional support needs across key care 
transitions. Child Care Health Dev. 2014;41(2):303–13.

	 4.	 Shen J, Johnson S, Chen C, Xiang H. Virtual Reality for Pediatric 
Traumatic Brain Injury Rehabilitation: A Systematic Review. Am J 
Lifestyle Med. 2020;14(1):6–15.

	 5.	 Thurman DJ. The Epidemiology of Traumatic Brain Injury in 
Children and Youths: A Review of Research Since 1990. J Child 
Neurol. 2016;31(1):20–7.

	 6.	 Araki T, Yokota H, Morita A. Pediatric Traumatic Brain Injury: 
Characteristic Features, Diagnosis, and Management. Neurol Med 
Chir (Tokyo). 2017;57(2):82–93.

	 7.	 Wade SL, Narad ME, Shultz EL, Kurowski BG, Miley AE, Aguilar JM, 
et al. Technology-assisted rehabilitation interventions following pe-
diatric brain injury. J Neurosurg Sci. 2018;62(2):187–202.

	 8.	 Hickey L, Anderson V, Hearps S, Jordan B. Family Forward: a social 
work clinical trial promoting family adaptation following paediatric 
acquired brain injury. Brain Inj. 2018;32(7):867–78.

	 9.	 Tyerman E, Eccles FJR, Gray V. The experiences of parenting a child 
with an acquired brain injury: A meta-synthesis of the qualitative lit-
erature. Brain Inj. 2017;31(12):1553–63.

	10.	 Ylvisaker M, Adelson D, Braga LW, Burnett SM, Glang A, Feeney 
T, et al. Rehabilitation and ongoing support after pediatric TBI: 
twenty years of progress. Journal of Head Trauma Rehabilitation. 
2005;20(1):95–109.

	11.	 Lezak MD. Brain damage is a family affair. J Clin Exp Neuropsychol. 
1988;10(1):111–23.

	12.	 Gmelig Meyling C, Verschuren O, Rentinck IR, Engelbert RHH, 
Gorter JW. Physical rehabilitation interventions in children with 
acquired brain injury: a scoping review. Dev Med Child Neurol. 
2022;64(1):40–8.

	13.	 Dias JM. Physical functioning. In: Michalos AC, editor. Encyclopedia 
of Quality of Life and Well-Being Research. 1: Springer Dordrecht; 
2014. p. 4793–5.

	14.	 Hallemans A, Verbeque E, Van de Walle P. Motor functions. 
Handbook of Clinical Neurology. 2020;173:157–70.

	15.	 World Health Organization. International Classification of 
Functioning, Disability and Health: Children and Youth Version. 
2007.

	16.	 Maier M, Ballester BR, Verschure P. Principles of Neurorehabilitation 
After Stroke Based on Motor Learning and Brain Plasticity 
Mechanisms. Front Syst Neurosci. 2019;13:74.

	17.	 Khan F, Amatya B, Galea MP, Gonzenbach R, Kesselring 
J. Neurorehabilitation: applied neuroplasticity. J Neurol. 
2017;264(3):603–15.

	18.	 Forsyth R, Young D, Kelly G, Davis K, Dunford C, Golightly A, et al. 
Paediatric Rehabilitation Ingredients Measure: a new tool for identi-
fying paediatric neurorehabilitation content. Dev Med Child Neurol. 
2018;60(3):299–305.

	19.	 Forsyth RJ, Roberts L, Henderson R, Wales L. Rehabilitation after 
paediatric acquired brain injury: Longitudinal change in content and 
effect on recovery. Dev Med Child Neurol. 2022;64(9):1168–75.

	20.	 Jenkin T, Anderson VA, D'Cruz K, Scheinberg A, Knight S. Family-
centred service in paediatric acquired brain injury rehabilitation: 
Bridging the gaps. Front Rehabil Sci. 2022;3:1085967.

	21.	 Kokorelias KM, Gignac MAM, Naglie G, Cameron JI. Towards a uni-
versal model of family centered care: a scoping review. BMC Health 
Serv Res. 2019;19(1):564.

	22.	 The Association of Paediatric Chartered Physiotherapists. Working 
with children - guidance on good practice. 2016.

	23.	 Meade LB, Bearne LM, Sweeney LH, Alageel SH, Godfrey EL. 
Behaviour change techniques associated with adherence to prescribed 
exercise in patients with persistent musculoskeletal pain: Systematic 
review. Br J Health Psychol. 2019;24(1):10–30.

	24.	 Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby 
JM, et al. A new framework for developing and evaluating complex 
interventions: update of Medical Research Council guidance. BMJ. 
2021;374:n2061.

	25.	 World Health Organization. Adherence to long-term therapies: 
Evidence for action. 2003.

	26.	 Beaulieu CL. Rehabilitation and outcome following pediatric trau-
matic brain injury. Surg Clin N Am. 2002;82:393–408.

	27.	 Neuhaeuser G. Disorders of motor development after early 
brain damage: diagnosis and therapy. Die medizinische Welt. 
1974;25(45):1870–7.

	28.	 The Chartered Society of Physiotherapy. CSP puts patient opinion at 
the centre of new research priorities 2018 [cited 2023 17th March]. 

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15773 by U
niversity O

f E
ast A

nglia, W
iley O

nline L
ibrary on [09/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-2914-3542
https://orcid.org/0000-0003-2914-3542


      |  13SUPPORT FOR PARENT DELIVERED REHABILITATION EXERCISES

Available from: https://www.csp.org.uk/news/2018-03-01-csp-puts-
patie​nt-opini​on-centr​e-new-resea​rch-prior​ities.

	29.	 Michie S, Richardson M, Johnston M, Abraham C, Francis J, 
Hardeman W, et al. The behavior change technique taxonomy (v1) 
of 93 hierarchically clustered techniques: building an international 
consensus for the reporting of behavior change interventions. Ann 
Behav Med. 2013;46(1):81–95.

	30.	 Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide 
to Designing Interventions: Silverback Publishing; 2014.

	31.	 Theory and Techniques Tool [Available from: https://theor​yandt​
echni​queto​ol.human​behav​iourc​hange.org/tool.

	32.	 Carey RN, Connell LE, Johnston M, Rothman AJ, de Bruin M, Kelly 
MP, et al. Behavior Change Techniques and Their Mechanisms of 
Action: A Synthesis of Links Described in Published Intervention 
Literature. Ann Behav Med. 2019;53(8):693–707.

	33.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ. 2021;372:n71.

	34.	 Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. PRISMA 2020 explanation and elaboration: updated 
guidance and exemplars for reporting systematic reviews. BMJ. 
2021;372:n160.

	35.	 Bland M. An Introduction To Medical Statistics. 4 ed: Oxford 
University Press; 2015 2015.

	36.	 BCT Taxonomy v1. BCT Taxonomy v1: Online Training. 2023.
	37.	 Popay J, Roberts H, Sowden A, Petticrew M, Arai L, Rodgers M, 

et al. Guidance on the Conduct of Narrative Synthesis in Systematic 
Reviews. 2006.

	38.	 Higgins JPT, Savović J, Page MJ, Sterne JAC. Revised Cochrane risk-
of-bias tool for randomized trials (RoB 2). 2019.

	39.	 Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, 
Viswanathan M, et al. The Risk Of Bias In Non-randomized Studies –  
of Interventions (ROBINS-I) assessment tool. 2016.

	40.	 Watkins K. A view from the front lines: trapped. Premier Outlook. 
2004;4(2):42–8.

	41.	 Braga LW, Da Paz AC, Ylvisaker M. Direct clinician-delivered 
versus indirect family-supported rehabilitation of children with 
traumatic brain injury: a randomized controlled trial. Brain Inj. 
2005;19(10):819–31.

	42.	 Katz-Leurer M, Rotem H, Keren O, Meyer S. The effects of a ‘home-
based’ task-oriented exercise programme on motor and balance per-
formance in children with spastic cerebral palsy and severe traumatic 
brain injury. Clinical Rehabilitation. 2009;23:714–24.

	43.	 Boyd RN, Baque E, Piovesana A, Ross S, Ziviani J, Sakzewski L, et al. 
Mitii ABI: study protocol of a randomised controlled trial of a web-
based multi-modal training program for children and adolescents 
with an Acquired Brain Injury (ABI). BMC Neurol. 2015;15:140.

	44.	 Cimolin V, Beretta E, Piccinini L, Turconi AC, Locatelli F, Galli 
M, et al. Constraint-induced movement therapy for children with 
hemiplegia after traumatic brain injury: a quantitative study. J Head 
Trauma Rehabil. 2011;27(3):177–87.

	45.	 Karman N, Maryles J, Baker RW, Simpser E, Berger-Gross P. 
Constraint-induced Movement Therapy for Hemiplegic Children 
With Acquired Brain Injuries. Journal of Head Trauma Rehabilitation. 
2003;18(3):259–67.

	46.	 Katz-Leurer M, Eisenstein E, Liebermann DG. Feasibility of motor 
capability training at home in children with acquired brain injury. 
Physiotherapy. 2008;94(1):71–7.

	47.	 Sakzewski L, Lewis MJ, McKinlay L, Ziviani J, Boyd RN. Impact of 
multi-modal web-based rehabilitation on occupational performance 

and upper limb outcomes: pilot randomized trial in children with ac-
quired brain injuries. Dev Med Child Neurol. 2016;58(12):1257–64.

	48.	 van Genugten L, Dusseldorp E, Webb TL, van Empelen P. Which 
Combinations of Techniques and Modes of Delivery in Internet-
Based Interventions Effectively Change Health Behavior? A Meta-
Analysis. J Med Internet Res. 2016;18(6):e155.

	49.	 Gardner B, Rebar AL, Lally P. How does habit form? Guidelines for 
tracking real-world habit formation. Cogent Psychology. 2022;9(1).

	50.	 Hankonen N. Participants' enactment of behavior change techniques: 
a call for increased focus on what people do to manage their motiva-
tion and behavior. Health Psychol Rev. 2021;15(2):185–94.

	51.	 James JD, Hardeman W, Goodall M, Eborall H, Sprung VS, Bonnett 
LJ, et al. A systematic review of interventions to increase physical 
activity and reduce sedentary behaviour following bariatric surgery. 
Physiotherapy. 2022;115:1–17.

	52.	 Gardner B, Arden MA, Brown D, Eves FF, Green J, Hamilton K, et al. 
Developing habit-based health behaviour change interventions: twenty-
one questions to guide future research. Psychol Health. 2023;38(4):518–40.

	53.	 Wong Chung R, Willemen A, Voorman J, Ketelaar M, Becher J, Schuengel 
C. Professionals' motivation to support parental self-management re-
garding children with physical disability in Dutch rehabilitation ser-
vices: 'Please mind your gap'. Child Care Health Dev. 2021;47(5):685–96.

	54.	 Lord C, Rapley T, Marcroft C, Pearse J, Basu A. Determinants of 
parent-delivered therapy interventions in children with cerebral 
palsy: A qualitative synthesis and checklist. Child Care Health Dev. 
2018;44(5):659–69.

	55.	 Mimouni-Bloch A, Shaklai S, Levin M, Ingber M, Karolitsky T, 
Grunbaum S, et al. Developmental and acquired brain injury have 
opposite effects on finger coordination in children. Front Hum 
Neurosci. 2023;17:1083304.

SU PP ORT I NG I N FOR M AT ION
The following additional material may be found online: 
Figure S1: PRISMA flow diagram.
Appendix S1: PICO criteria to inform the search strategy.
Appendix S2: Search strategy.
Appendix S3: References excluded after the full-text review.
Appendix S4: Changes in motor function using outcome 
measurement before and after the intervention.
Appendix S5: RoB 2.
Appendix S6: ROBINS-I.
Table S1: Identified strategies with coded behaviour change 
techniques, intervention functions, mechanism of action, 
and targets.

How to cite this article: Young D, Cawood S, Mares 
K, Duschinsky R, Hardeman W. Strategies supporting 
parent-delivered rehabilitation exercises to improve 
motor function after paediatric traumatic brain 
injury: A systematic review. Dev Med Child Neurol. 
2023;00:1–13. https://doi.org/10.1111/dmcn.15773

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15773 by U
niversity O

f E
ast A

nglia, W
iley O

nline L
ibrary on [09/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.csp.org.uk/news/2018-03-01-csp-puts-patient-opinion-centre-new-research-priorities
https://www.csp.org.uk/news/2018-03-01-csp-puts-patient-opinion-centre-new-research-priorities
https://theoryandtechniquetool.humanbehaviourchange.org/tool
https://theoryandtechniquetool.humanbehaviourchange.org/tool
https://doi.org/10.1111/dmcn.15773

	Strategies supporting parent-­delivered rehabilitation exercises to improve motor function after paediatric traumatic brain injury: A systematic review
	Abstract
	Family-­centred care after paediatric traumatic brain injury
	Importance of behaviour change to support the delivery of rehabilitation at home

	METHOD
	Inclusion criteria
	Study type
	Participant and population inclusion criteria
	Interventions
	Outcomes

	Search strategy
	Online database search
	Grey literature searches

	Identification of studies
	Data extraction
	Identification of intervention content
	Data synthesis
	Quality assessment

	RESULTS
	Database searches
	Selection process
	Summary of studies
	Study and participant characteristics
	Study design
	Outcome measures
	Parent involvement in rehabilitation
	Context of rehabilitation delivery
	Adherence to rehabilitation

	Summary of interventions
	Intervention content and targets
	Behavioural change techniques included in interventions and control groups
	Intervention functions identified in intervention and control groups
	Mechanisms of action identified in the intervention and control groups
	Components of capability, opportunity, and motivation in the intervention and control groups

	Quality appraisal and risk of bias

	DISCUSSION
	Strengths, limitations, and directions for future research
	Conclusions

	ACKNO​WLE​DGE​MENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


