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System
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AIM The aim of this study was to describe systematically the best available intervention

evidence for children with cerebral palsy (CP).

METHOD This study was a systematic review of systematic reviews. The following databases

were searched: CINAHL, Cochrane Library, DARE, EMBASE, Google Scholar MEDLINE,

OTSeeker, PEDro, PsycBITE, PsycINFO, and speechBITE. Two independent reviewers

determined whether studies met the inclusion criteria. These were that (1) the study was a

systematic review or the next best available; (2) it was a medical/allied health intervention;

and (3) that more than 25% of participants were children with CP. Interventions were coded

using the Oxford Levels of Evidence; GRADE; Evidence Alert Traffic Light; and the

International Classification of Function, Disability and Health.

RESULTS Overall, 166 articles met the inclusion criteria (74% systematic reviews) across 64

discrete interventions seeking 131 outcomes. Of the outcomes assessed, 16% (21 out of 131)

were graded ‘do it’ (green go); 58% (76 out of 131) ‘probably do it’ (yellow measure); 20% (26

out of 131) ‘probably do not do it’ (yellow measure); and 6% (8 out of 131) ‘do not do it’ (red

stop). Green interventions included anticonvulsants, bimanual training, botulinum toxin,

bisphosphonates, casting, constraint-induced movement therapy, context-focused therapy,

diazepam, fitness training, goal-directed training, hip surveillance, home programmes,

occupational therapy after botulinum toxin, pressure care, and selective dorsal rhizotomy.

Most (70%) evidence for intervention was lower level (yellow) while 6% was ineffective (red).

INTERPRETATION Evidence supports 15 green light interventions. All yellow light

interventions should be accompanied by a sensitive outcome measure to monitor progress

and red light interventions should be discontinued since alternatives exist.

Thirty to 40% of interventions have no reported evidence-
based and, alarmingly, another 20% of interventions pro-
vided are ineffectual, unnecessary, or harmful.1 The gap
between research and practice has been well documented
in systematic reviews1 across multiple diagnoses, special-
ties, and countries. Surveys confirm that, unfortunately, the
research–practice gap occurs within the cerebral palsy (CP)
field to the same degree.2,3 This gap exists despite numer-
ous systematic reviews providing guidance about what does
and does not work for children with CP. When clinicians
want to help, families expect effective interventions, and
the health system depends upon cost-effective services, the
provision of ineffectual interventions is illogical. In view
of this, why is there such variable uptake of best available
evidence within real clinical practice?

In the last decade, the CP evidence base has rapidly
expanded, providing clinicians and families with the

possibility of newer, safer, and more effective interventions.
Orthopaedic surgery and movement normalization were
once the mainstays of intervention, but localized antispas-
ticity medications and motor learning interventions have
gained increased popularity.4,5 Thus, the sheer volume of
research published makes it hard for clinicians to keep up
to date.6 Systematic reviews seek to provide evidence sum-
maries, but, in spite of this, clinicians find it difficult to
interpret review findings and stay abreast of these
syntheses.7 Furthermore, the introduction of new and
sometimes competing effective interventions increases the
complexity of clinical reasoning required by clinicians, who
are primarily motivated to improve outcomes for children.8

In the last 10 years, the field has adopted the World
Health Organization’s International Classification of Func-
tioning, Disability and Health (ICF),9 which has redefined
the way clinicians understand CP and think about inter-
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vention options. From an ICF perspective, CP impacts on
a person’s ‘functioning’, (inclusive of body structures [e.g.
limbs], body functions [e.g. intellectual function], activities
[e.g. walking], and participation [e.g. playing sport]), which
in turn may cause ‘disabilities’, such as impairments, activ-
ity limitations, and participation restrictions. Moreover,
each person with CP lives within a personalized environ-
ment and thus their context also contributes to determin-
ing their independence, comprising personal factors (e.g.
motivation) and environmental factors (e.g. architectural
accessibility).9,10 Thus, there are many potential problems
a child with CP may face and seek intervention for. The
field has chosen a philosophical shift away from almost
exclusively redressing physical impairments underlying
functional problems to adopting an additional focus on
maximizing children’s environment, their independence in
daily activities, and their community participation.11 Fur-
thermore, clinicians applying the recommended goal-based
approach seek to choose interventions guided by what
would best help the family achieve their goals.12–14 Couple
these philosophical preferences with widespread barriers to
research implementation (such as limited time, insufficient
library access, limited research appraisal skills, attitudinal
blocks to research, and differing patient preferences), and
there is no assurance that children with CP will receive
evidence-based interventions.1,15,16

The aim of this paper was to describe systematically the
best available evidence for CP interventions using the
GRADE17 system and to complement these findings with
the Evidence Alert Traffic Light System18 in order to pro-
vide knowledge translation guidance to clinicians about what
to do. The purpose of rating the whole CP intervention evi-
dence base within the one paper was to provide clinicians,
managers, and policy-makers with a ‘helicopter’ view of best
available intervention evidence that could be used to (1)
inform decision-making by succinctly describing current
evidence about CP interventions across the wide span of dis-
ciplines involved in care; (2) rapidly aid comparative clinical
decision-making about similar interventions; and (3) provide
a comprehensive resource that could be used by knowledge
brokers to help prioritize the creation of knowledge transla-
tion tools to promote evidence implementation.19

METHOD
Study design
A systematic review of systematic reviews (i.e. the highest
level of CP intervention research evidence available) was
conducted in order to provide an overview of the current
state of CP intervention evidence. Systematic reviews were
preferentially sought since reviews provide a summary of
large bodies of evidence and reviews help to explain differ-
ences among studies. Moreover, reviews limit bias which
assists clinicians, managers, and policy-makers with deci-
sion-making about current best available evidence.20 How-
ever, for interventions for which no systematic reviews
existed, lower levels of evidence were included to illumi-
nate the current state of the evidence.

Search strategy
Our review was carried out using a protocol based upon
recommendations from the Cochrane Collaboration and
PRISMA statements.21,22 Relevant articles were identified
by searching the CINAHL (1983–2012); Cochrane Data-
base of Systematic Reviews (1993–2013; www.cochra-
ne.org); Database of Reviews of Effectiveness (DARE);
EMBASE (1980–2012); ERIC; Google Scholar; MED-
LINE (1956–2012); OTSeeker (www.otseeker.com); Phys-
iotherapy Evidence Database (PEDro [www.pedro.fhs.usyd.
edu.au]); Psychological database for Brain Impairment
Treatment Efficacy (PsycBITE [www.psycbite.com]); Psy-
cINFO (1935–2012); PubMED; and Speech Pathology
Database for Best Interventions and Treatment Efficacy
(speechBITE [www.speechbite.com]). Searches were sup-
plemented by hand searching. The search of published
studies was performed in July and August 2011 and
updated in December 2012. Interventions and keywords
for investigation were identified using (1) contributing
authors’ knowledge of the field; (2) internationally recog-
nized CP websites such as the American Academy of Cere-
bral Palsy and Developmental Medicine (www.aacpdm.
org), CanChild (www.canchild.ca), the Cerebral Palsy Alli-
ance (www.cerebralpalsy.org.au), Cincinnati Children’s
Hospital (www.cincinnatichildrens.org), Karolinksa Insitu-
tet (www.ki.se), NetChild (www.netchild.nl), NeuroDev-
Net (www.neurodevnet.ca), and Reaching for the Stars
(www.reachingforthestars.org); and (3) the top 20 hits in
Google using the search term ‘cerebral palsy’ as an indica-
tor of popular subject matter.

Electronic databases were searched with EBSCO host
software using PICOs [patient/problem, intervention, com-
parison, and outcome] search terms. The full search strat-
egy is available from the authors on request.

Inclusion criteria
Published studies about intervention for children with CP
fulfilling criteria under the headings below were included.

Type of study
First, studies of level 1 evidence (systematic reviews),
rated using the Oxford 2011 Levels of Evidence were
preferentially sought.23 The Oxford 2011 Levels of
Evidence for treatment benefits include level 1, a system-
atic review of randomized trials or n-of-1 trials; level 2, a
randomized trial or observational study with dramatic
effect; level 3, a non-randomized controlled cohort/
follow-up study; level 4, a case series, case–control study,
or a historically controlled study; and level 5, mechanism-
based reasoning.

What this paper adds
• Of 64 discrete CP interventions, 24% are proven to be effective.

• 70% have uncertain effects and routine outcome measurement is necessary.

• 6% are proven to be ineffective.

• Effective interventions reflect current neuroscience and pharmacological
knowledge.

• All effective interventions worked at only one level of the ICF.
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Evidence of Oxford levels 2 to 4 were included only if
(1) level 1 evidence did not exist on the topic and then the
next best available highest level of evidence was included;
or if (2) level 2 randomized controlled trial(s) had been
published since the latest systematic review, which substan-
tially changed knowledge about the topic.

Second, retrieved bodies of evidence were coded using
the GRADE17 system and Evidence Alert Traffic Light
System18 using two independent raters, with 100%
agreement reached. The GRADE17 system was chosen
because it is a criterion standard evidence-grading tool
and is endorsed by the World Health Organization. Def-
initions of the GRADE terms appear in the notes to
Table I and a full description of panel rating processes
are available from www.gradeworkinggroup.org/publica-
tions/JCE_series (retrieved 8 March 2013). Notably, the
GRADE system rates both (1) the quality of the evi-
dence (randomized trials, high; observational studies, low;
and other levels of evidence, very low, but it is worth
mentioning that high-quality evidence is downgraded if
methodological flaws exist and low-quality evidence is
upgraded if high and certain effect sizes exist [e.g. popu-
lation-based CP register data])17 and (2) the strength of
the recommendation for use, which weighs up trade-offs
between the benefits and harms of using the interven-
tion, whereby a panel considers (a) the methodological
quality of the evidence supporting estimates of likely
benefit and likely risk; (b) inconvenience; (c) the impor-
tance of the outcome that the treatment prevents; (d)
the magnitude of the treatment effect; (e) the precision
of the estimate of the treatment effect; (f) the risks asso-
ciated with therapy; (g) the burdens of therapy; (h) the
costs; and (i) the varying values.17 The GRADE method-
ology means that sometimes bodies of evidence may be
assigned a strong recommendation even when the quality
of the evidence is low. This is either because there is a
high likelihood of harm from no intervention (e.g. anti-
convulsants to prevent seizures or ulcer prevention pres-
sure care) or because the treatment has a low effect size
and is expensive to provide, but a safe, more effective,
cost-comparable alternative exists (e.g. phenol vs botu-
linum toxin A; or neurodevelopmental therapy [NDT] vs
motor learning). The Evidence Alert Traffic Light Sys-
tem18 was chosen because it is a GRADE-complementary
knowledge translation tool, designed to assist clinicians
to obtain easily readable, clinically useful answers within
minutes.6 The Evidence Alert also provides a simple,
common language between clinicians, families, managers,
and funders, based upon three-level colour coding that
recommends a course of action for implementation of
the evidence within clinical practice. The Evidence Alert
System18 has been shown to increase by threefold clini-
cians’ reading habits about CP research.24 Figure 1
describes the GRADE system and the Evidence Alert
System and their relationship to each other. Table I
shows the included studies, best evidence levels grades
and traffic light classification.25–185

Where multiple systematic reviews existed and newer
level 1 to 2 evidence superseded the findings of earlier
level 1 evidence, the grades were assigned based on the
most recent high-quality evidence.

Types of intervention
Studies were included if they involved the provision of and
intervention by either a medical practitioner or allied
health professional.

Types of participants
Studies were included if they explicitly involved human
participants and more than 25% of the participants were
children with CP.

Studies were excluded from the review if (1) they were
diagnostic studies, prognostic studies, or interventions
aimed at preventing CP (e.g. magnesium sulphate186 and
hypothermia187); (2) they provided lower levels of evidence,
unless no systematic review had been published; (3) partici-
pants were adults, although if a study predominantly
(>75%) studied children but included a small proportion of
young adults (<25%) the paper was included; (4) they
reviewed generic prophylaxis interventions (e.g. good par-
enting, standard neonatal care for all infants, i.e. not CP-
specific interventions); (5) they reviewed a whole discipline,
not individual interventions (e.g. physiotherapy, occupa-
tional therapy, speech pathology); (6) they were considered
alternative and complementary interventions with no pub-
lished evidence; (7) a second publication of the same study
published the same results; and (8) they were unpublished
or not peer reviewed.

Data abstraction
A data abstraction sheet based on the Cochrane’s recom-
mendations21 was developed. Abstracts identified from
searches were screened by two independent raters (CP
research experts and knowledge brokers) to determine their
eligibility for further review. Abstracts were retained for
full review if they met the inclusion criteria or if more
information was required from the full text to confirm that
the study met all the eligibility criteria. Two independent
reviewers then reviewed full-text versions of all retained
articles and all additional articles identified by hand search-
ing. Full-text articles were retained if they met inclusion
criteria. Agreement on inclusion and exclusion assignment
of the full-text articles was unanimous. Data extracted from
included studies comprised the authors and date of the
study; the type and purpose of the intervention imple-
mented; the study design; the original authors’ conclusions
about efficacy across study outcomes; and the original
authors’ conclusions on strength of evidence (based on
their assessment of whether there was no evidence of bene-
fit, qualified support, or strong support). For lower level
evidence, risk of bias was assessed using the Cochrane
criteria.

The data extracted from each included study were sum-
marized, tabulated, and assigned a level of evidence rating
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using the Oxford Levels of Evidence; a categorization
using GRADE; a colour coding scheme using the Evidence
Alert Traffic Light system, and an ICF domain (Table I).
More specifically, each intervention outcome sought by
included study authors was assigned an ICF domain based
upon published literature.176 It has been acknowledged in
the literature that ICF coding is notoriously complex to
apply since CP is a disability not a disease, and thus direct
interventions do not ultimately alter underlying disease
processes.10 To overcome this challenge, we applied ICF
codes using CP literature precedents, where the outcome
measure within the included trials had been ICF coded by
other authoritative researchers.10 Of note, ICF linking
rules typically cluster together (1) body structure and func-
tions; and (2) activities and participation. To prevent loss
of findings obscured within aggregated data, we separated
activities from participation because we wanted to illumi-
nate whether or not participation outcomes were being
achieved. All the data required to answer the study ques-
tions were published within the papers, so no contact with
authors was necessary.

Ethics and registration
The study did not involve contact with people, so the need
for ethical approval was waived by the Cerebral Palsy Alli-
ance’s Human Research ethics committee. This systematic
review was not registered.

RESULTS
Using the search strategy, 33 485 citations were identified,
of which 166 articles met the inclusion criteria for review
(Fig. 2).

Participants
For the purpose of this study, participants had CP, which is
a complex and heterogeneous condition. We included stud-
ies about children with CP of any motor subtype (spastic,
dyskinetic, or ataxic), any topography (hemiplegic/unilat-
eral, diplegic/bilateral, or quadriplegic/bilateral), and any
functional ability level (Gross Motor Function Classifica-
tion System [GMFCS]188 levels I to V and Manual Ability
Classification System [MACS]189 levels I to V). There was
substantial emphasis in the medical literature on interven-
tions to reduce spasticity, the most prevalent motor impair-
ment.190 There was also a heavy emphasis in the therapy
literature on interventions designed to improve motor out-
comes consistent with CP being a physical disability. The
higher-quality studies defined the child’s motor function
abilities using the GMFCS and MACS to enable better
interpretation of treatment effects taking into account the
severity of the disability. However, there was insufficient
homogeneity of reporting across studies to enable reporting
by GMFCS level, which was our original intended strategy.

Levels of evidence and ICF
High levels of evidence existed in the literature summariz-
ing interventions for children with CP (Table I). Of theTa
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166 included studies, the breakdown by level of evidence
as rated on the Oxford Levels of Evidence was level 1
(n=124), 74%; level 2 (n=30), 18%; level 3 (n=6), 4%; and
level 4 (n=6), 4%.

When the included articles were tallied in 5-year inter-
vals by publication date, it was clear that the number of
systematic reviews published about CP intervention had
exponentially increased in recent years (Fig. 3).

Almost none (2 of 166) of the systematic reviews
retrieved graded the body of evidence summarized using
the GRADE system. We therefore carried out assignment
of GRADEs using the recommended expert panel method-
ology. Using the GRADE system, of the 64 different CP
interventions reviewed across 131 intervention outcomes
16% of outcomes assessed (n=21) were graded ‘do it’ (i.e.
green light, go interventions); 58% (n=76) were graded
‘probably do it’ (i.e. yellow light, measure outcomes); 20%
(n=26) were graded ‘probably do not do it’ (i.e. yellow
light, measure outcomes; see Fig. 1); and 6% (n=8) were
graded ‘do not do it’ (i.e. red light, stop interventions; see
Fig. 1). In line with the appraisal criteria for this review,
occupational therapy, physiotherapy, and medicine were
the disciplines that encompassed the highest number of
proven effective interventions for CP within their evidence
base, which is not surprising given the long historical
research emphasis on redressing the physical aspects of
CP. In the fields of psychology, speech pathology, social
work, and education, the evidence base for all interventions
reviewed was lower level or inconclusive (yellow), but, in
keeping with interdisciplinary care, psychologists and social
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workers applied high-level evidence from other diagnostic
groups (e.g. bimanual, cognitive behaviour therapy, coun-
selling, Triple P49). In the field of speech pathology, it is
worth noting that it is difficult to conduct studies of aug-
mentative and alternative communication (AAC) using
conventional rigorous methodologies because included par-
ticipants often have different disability types and, accord-
ingly, differing levels of expressive, receptive, and social
communication abilities. AAC interventions require multi-
factorial measurement because effective device utilization
relies on changes in all of these domains from best-practice
speech, language, and teaching strategies and from chang-
ing the mode of communication. Thus, adequately measur-
ing and attributing interventions effects to each component
of these integrated treatment approaches remains challeng-
ing. Amongst the alternative and complementary medicine
interventions offered by some clinicians, the findings were
of even poorer quality, because an even greater proportion
of the interventions were proven ineffective. However, the
real rate of ineffective alternative and complementary inter-
ventions may be even higher as so many had to be
excluded from this review as a result of the lack of any
published peer-reviewed literature about the approaches
(e.g. advanced biomechanical rehabilitation).

Each intervention was coded using the ICF by the inter-
vention’s desired outcome. Out of the 131 intervention
outcomes for children with CP identified in this study,
n=66 (51%) were aimed at the body structures and func-
tion level; n=39 (30%) were aimed at the activity level; n=7
(5%) were aimed at the participation level; n=8 (6%) were
aimed at the environment level; and the remaining n=11
(8%) were aimed at combinations of ICF levels.

Green light go interventions
In the papers retrieved, the following CP interventions
were shown to be effective: (1) botulinum toxin (BoNT),
diazepam, and selective dorsal rhizotomy for reducing
muscle spasticity; (2) casting for improving and maintain-

ing ankle range of motion; (3) hip surveillance for main-
taining hip joint integrity; (4) constraint-induced
movement therapy, bimanual training, context-focused
therapy, goal-directed/functional training, occupational
therapy following BoNT, and home programmes for
improving motor activity performance and/or self-care;
(5) fitness training for improving fitness; (6) bisphospho-
nates for improving bone density; (7) pressure care for
reducing the risk of pressure ulcers; and (8) anticonvulsants
for managing seizures (despite no CP-specific anticonvul-
sant evidence existing, the panel rated the strength of the
recommendation as strong plus (do it) because good-qual-
ity evidence supports anticonvulsants in non-CP popula-
tions,191 and serious harm, even death, can arise from no
treatment).

Green light effective interventions were mapped against
the ICF by the outcomes that had been measured in the
literature and the corresponding traffic light code was
applied (Table II). First, Table II shows that green-light
effective interventions were all aimed at either the body
structures and function level or the activities levels on the
ICF. The conspicuous finding here was that there were no
proven effective interventions for addressing the participa-
tion, environment, or personal factors levels of the ICF,
even though these are philosophical priorities. Second,
Table II shows that when effective body structures and
functions interventions were measured for an effect at the
activities level (all of the time) evidence of effect was either
lower level or inconclusive and, therefore, was coded yel-
low light. In other words, the positive effects of body
structure interventions did not translate ‘upstream’ to the
activities level. This finding seems to suggest that you ‘get
what you give’. This finding has, however, an alternative
interpretation – we do not yet know if body structures and
functions intervention improves outcomes at the activities
level because of the measurement artefact created by ran-
domized trials only being powered to detect change in one
primary end-point. Third, Table II shows that green light
activity-level interventions were effective at the activities
level of the ICF, but minimal measurement had been
undertaken to illuminate whether or not there was also any
translation of impact ‘downstream’ to the body structures
and functions level.

Yellow light measure outcomes interventions
A high proportion (70%) of the CP interventions within
clinical care had either lower-level evidence supporting
their effectiveness or inconclusive evidence, including acu-
puncture; alcohol (intramuscular injections for spasticity
reduction); AAC; animal-assisted therapy; assistive technol-
ogy; baclofen (oral); behaviour therapy and coaching;
cognitive behaviour therapy; communication training;
conductive education; counselling; oral dantrolene; dyspha-
gia management; early intervention (for motor out-
comes); electrical stimulation; fundoplication; gastrostomy;
hand surgery; hip surgery; hippotherapy; hydrotherapy;
intrathecal baclofen; massage; orthoses; oral–motor
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therapy; orthopaedic surgery; parent training; phenol
(intramuscular injections); play therapy; respite; seating and
positioning; sensory processing; single-event multilevel sur-
gery; social stories; solution-focused brief therapy; strength
training; stretching; therasuits; oral tizanidine; treadmill
training; oral vitamin D; Vojta; and whole-body vibration.
It is important to note that cognitive–behavioural ther-
apy,192–196 early intervention,196–198 parent training,49,50

and solution-focused brief therapy199 all have good-quality
supporting evidence in non-CP populations. It is also
important to note that oral–motor therapy200 and sensory
processing201 have equivocal evidence in non-CP popula-
tions for which they were designed, and so there is no
strong or compelling reason to think either intervention
would work better in CP. Of note, there was great variabil-
ity in the volume and quality of the evidence available at
the yellow-light level. For example, some intervention evi-
dence bases were downgraded to low quality, as per the
GRADE guidelines for dealing with imperfect randomized
controlled trials (e.g. hippotherapy and biofeedback). How-
ever, for some interventions simply next to no evidence has
been published and what has been published involves
very small numbers and is of low quality (e.g. whole-body
vibration).

The yellow-light included reviews that could not dem-
onstrate robust evidence of effectiveness when strict sys-
tematic review criteria about design quality, adequate
sample size, and independent replication were used to
judge the evidence. Yellow-light reviews contained only
marginal amounts of good-quality evidence when criteria
were applied to reduce the possibility of biases explaining
the proposed treatment benefits. Most yellow-light system-
atic review authors commented upon the low quality of the

designs used, serious methodological flaws, the relevance
and sensitivity of the outcomes measures adopted, the diffi-
culty in assembling large homogeneous samples for niche
interventions, and most authors concluded that more rigor-
ous research was needed.

Red light stop interventions
Craniosacral therapy, hip bracing, hyperbaric oxygen,
NDT, and sensory integration have all been shown to be
ineffective in children with CP, and are therefore not rec-
ommended for standard care. Appropriately, effective alter-
natives exist that seek to provide the same clinical outcome
of interest.

To assist with comparative clinical decision-making
amongst intervention options for the same desired out-
come, we mapped the interventions that seek to provide
analogous outcomes using bubble charts. In the bubble
charts, the size of the circle correlated to the volume of
published evidence. The circle size was calculated using
(1) the number of published papers on the topic; and (2)
the total score for the level of evidence (calculated by
reverse coding of the Oxford Levels of Evidence, i.e. expert
opinion=1, randomized controlled trial [RCT]=5). The
location of the circle on the y-axis of the graph corre-
sponds to the GRADE system rating. The colour of the
circle correlates to the Evidence Alert System (Fig. 4).

DISCUSSION
High levels of evidence existed in the literature summarizing
intervention options for children with CP. Akin to other
fields of medicine and allied health, there has been an expo-
nential increase in the number of systematic reviews pub-
lished about CP intervention6 revealing the emergence of

Table II: Green light interventions (and their other indications) by level of ICF

Intervention

ICF level

Body
structures
and
function Activity Participation Environment

Personal
factors

Body structures and function interventions
1. Anticonvulsants G
2. Botulinum toxin G
3. Bisphosphonates G
4. Casting (ankle) G Y
5. Diazepam G
6. Fitness training G Y Y
7. Hip surveillance G
8. Pressure care G
9. Selective dorsal rhizotomy G Y Y

Activities interventions
10. Bimanual training G
11. Constraint-induced movement therapy G
12. Context-focused therapy G
13. Goal-directed training/functional training G
14. Home programmes G Y
15. Occupational therapy post botulinum toxin

(upper limb)
G

G=green intervention when aimed at this level of the International Classification of Functioning, Disability and Health (ICF); Y=yellow
intervention when aimed at this level of the ICF.
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highly effective prevention interventions.186,187 There is no
reason to think that this trend may decline. This finding has
important implications for managers, knowledge brokers,
and clinicians about finding effective and efficient ways for
health professionals to remain up to date with the latest
practice. Best available knowledge translation evidence sug-
gests that managers and senior clinical mentors can help
staff maintain up-to-date knowledge via interactive evi-
dence-based practice continuing education sessions and
journal clubs, but multiple tailored strategies will be
required to change their use of evidence.202 This systematic
review could form the basis of policy, educational, and
knowledge translation material because it is a comprehensive
summary of the evidence base.

Recommendations for practice
Based upon the best available evidence, standard care for
children with CP should include the following suite of
interventions options (where the interventions would
address the family’s goals): (1) casting for improving ankle
range of motion for weight bearing and/or walking; (2) hip
surveillance for maintaining hip joint integrity; (3) biman-
ual training, constraint-induced movement therapy, con-
text-focused therapy, goal-directed/functional training,
and/or home programmes for improving motor activities

or self-care function; (4) BoNT, diazepam, or selective
dorsal rhizotomy for spasticity management; (5) fitness
training for aerobic fitness; (6) pressure care for reducing
the risk of ulcers; (7) bisphosphonates for improving bone
mineral density; and (8) anticonvulsants for managing sei-
zures. When delivering interventions to children with CP,
it is paramount that clinicians choose evidence-based inter-
ventions at the activities and participation level that hone
the child’s strengths and reflect their interests and motiva-
tions, and ultimately seek to help children live an inclusive
and contented life. However, when choosing interventions
at the body structure and functions level, the primary pur-
pose is to mitigate the natural history of CP (such as hip
dislocation) and the probable physical decline from second-
ary impairments,118 rather than trying to fix the condition.
We must also remain mindful that conflicts can arise
between what families hope for and what the evidence sug-
gests will be helpful or is realistically possible.202 Part of
being truly family centred is to act as an information
resource to the family, which will include honest and open
disclosure about prognosis using evidence-based tools to
guide these difficult conversations.203 Similarly, designing
services based upon goals set by the family5,64 is best prac-
tice and can also help to set the scene for discussing what
is realistic and possible from intervention.
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Going forward, systematic and disciplined use of out-
come measures within all specialties is required for
generating new evidence and confirming treatment effects
of commonly used interventions. Routine outcome
measurement is especially important when yellow-light
interventions are being applied, and could circumnavigate
some of the genuine research barriers including low avail-
ability of research funds and difficulties in assembling large
homogenous samples. This recommendation is particularly
vital for the fields of speech pathology, social work, and
psychology that provide key services to children with CP,
without strong evidence, as of yet, to support their prac-
tice. These professions have been overshadowed in the CP
research arena until recently, when the field stopped solely
redressing physical impairments and started to look further
afield to engendering outcomes in well-being and partici-
pation. In addition, systematic and disciplined use of out-
come measures is also needed when prescribing assistive
technology and assistive devices (such as wheelchairs, walk-
ing frames, and communication devices) for children with
CP, because devices form a large part of standard care. To
date, specialized equipment and technology has been vastly
under-researched, probably because the benefits are easily
observable (such as independent mobility) and the studies
are expensive to conduct; however, in light of device aban-
donment issues and associated costs, extensive efficacy
research is warranted at both an individual and a popula-
tion level. Moreover, prescribing assistive technology with
a specialized appearance (such as orthotics, suits, comput-
erized devices, robotics) may well elevate expectations of
good outcomes and give rise to an overinflated perception
of high-quality expert care. Thus, it is essential to know if
the interventions are working, so as to prevent device
abandonment, false hopes, and unnecessary effort.

When yellow-light interventions are used, it is imperative
that clinicians utilize a sufficiently sensitive outcome mea-
sure to confirm whether or not the intervention is working
and if it is helping the child achieve their family’s goals. The
Canadian Occupational Performance Measure (COPM) and
Goal Attainment Scaling (GAS)5,64,204 have been widely
adopted in the literature for assessing goal achievement
because they are valid, reliable, sensitive to change, and clin-
ically affordable. Moreover, both measures work well within
the family-centred approach because they encourage family-
led goal setting and facilitate individualization, which is
important for such a heterogeneous condition as CP. For
yellow-light interventions, in addition to measuring whether
goals are achieved, it may be desirable to measure if the
intervention is actually achieving what it purports to do for
each individual. Systematic individual outcome measure-
ment, conducted at a population level with data aggregation,
would introduce the possibility of rapidly expanding the
evidence base amongst this heterogeneous population.

Parents, young people, and doctors have identified eight
consensus measurement domains, important for assessing
the impact of a CP intervention, that span the ICF levels.205

We identified systematic reviews that provided measurement

recommendations for evaluating these eight domains in a
way that was sensitive to change. The first of these eight
domains is impairment, which can be subdivided into (1)
spasticity, measured using the Modified Tardieu Scale5,64

and (2) fine motor, measured using the Melbourne Assess-
ment of Unilateral Upper Limb Function11 and the Quality
of Upper Extremity Skills Test.11 The second domain is
general health. Valid and reliable instruments exist regarding
general health in the literature, but less is understood about
whether these measures are sensitive to change in CP, and
therefore no recommendations are made at this juncture.
Third is the gross motor skills domain, measured using the
Gross Motor Function Measure.73,206,207 The fourth domain
is self-care/fine motor skills, which can be subdivided into
(a) self-care, measured using the Paediatric Evaluation of
Disability Inventory206 and the Activities Scale for
Kids207,208 and (b) fine motor, measured using the Assisting
Hand Assessment for activities performance measurement.11

Fifth is the speech/communication domain, measured using
GAS.209 The sixth domain is integration/participation which
can be measured using the COPM or GAS204 (note that
other domain-specific measures exist such as the LIFE-H,
but this does not have adequate sensitivity to detect change).
Finally, regarding both the seventh domain, quality of life,
and the eighth domain, caregiver instruments, valid and reli-
able instruments exist in the literature, but less is understood
about whether these measures are sensitive to change, and
therefore recommendations for use are not made at this
juncture.

In line with the principles of evidence-based care and as
a cost-saving measure, it is highly recommended that cra-
niosacral therapy, hip bracing, hyperbaric oxygen, neurode-
velopmental therapy, and sensory integration should all be
discontinued from CP care. Interestingly, these ineffective
interventions for the most part are founded upon out-dated
neurological theories about CP. For example, hyperbaric
oxygen as a treatment for CP was based on the now dis-
proven assumption that all CP arises from a lack of oxygen
during birth (true for only 5–10% of cases190) and that
increased oxygenation ought to help repair brain function.
Neurodevelopmental therapy sought to reduce hyper-ref-
lexia by repositioning the limb on stretch, providing a local
pattern-breaking effect mimicking spasticity reduction, but
we now know (1) that local effects do not translate to a
reduction in centrally driven spasticity long term210; and
(2) that no substantive evidence exists to support the idea
that inhibition of primitive reflex patterns promotes motor
development.12 Likewise, ‘bottom-up’ approaches, in which
children’s underlying motor deficits are treated with the
aim of preparing them for function (such as neurodevelop-
mental therapy and sensory integration) were commend-
able pursuits when originally invented but disappointingly
have little carryover into functional activities.12

Over a decade ago, CP research experts12 and systematic
review authors called for ‘concerted efforts to investigate
other therapy approaches that may prove more clearly
beneficial’.142 These therapy experts were referring to
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performance-based or ‘top-down’ approaches based on
motor learning theory, in which interventions focus
directly on specific task training in activities of interest and
are not concerned with underlying impairments in body
structures and function.201 This visionary advice, in con-
cert with the researchers who rigorously tested their theo-
ries, has transformed CP rehabilitation in recent years.
The majority of the ‘do it’ or green-light effective CP
therapy evidence generated in the last 10 years are in fact
top-down therapy approaches, aimed at improving activi-
ties performance and inducing neuroplasticity, and include
bimanual training, constraint-induced movement therapy,
context-focused therapy, goal-directed/functional training,
occupational therapy after toxin, and home programmes.
Consistent with the theoretical underpinnings, research has
not focused on whether these top-down approaches had a
positive effect at the body structures and function level of
the ICF (Table II).

Given the sudden increase in new effective treatment
options available, it is essential that the field widely
embraces and implements these interventions in order to
ensure that children with CP achieve the best possible out-
comes. Adoption of evidence-based practice also involves
the difficult task of getting clinicians to stop providing
ineffective treatments that they ‘love’.211 It has been sug-
gested that the field requires professionals ‘who want to do
the best they can for their patients, who are willing to con-
tinually question their own managements, and who have
readily available sources of information about what does
work’.211 Our present systematic review seeks to provide
the CP field with a comprehensive overview about what
works for children with CP and what does not (Fig. 4).
Based on best available evidence, the challenge now is for
the field to stop permissive endorsement of proven ineffec-
tive interventions on the basis of perceived low risk and
clinical expertise. This recommendation includes ceasing
provision of the ever-popular NDT. This is because NDT
has been a mainstay physiotherapy and occupational ther-
apy treatment for many years, but for the most part, the
evidence base is unfavourable. Of note, contemporary
NDT therapists eclectically include additional evidence-
based treatment approaches under the NDT banner (e.g.
motor learning and the philosophy of family-centred prac-
tice), and it is difficult to distil which treatment approaches
are being used with fidelity and what features of the treat-
ment are actually working.

Nevertheless, three systematic reviews have been con-
ducted of traditional NDT,141–143 including 18 discrete
RCTs: 15 measuring efficacy and three measuring optimal
dose. Of the 15 RCTs measuring NDT efficacy, 12 trials
(studying 674 children) found no statistically favourable
benefits from NDT; these trials were of varying quality
(high, moderate, and low), whereas three trials (studying
38 children) showed improvements in body structures and
functions such as gait parameters, spirometry, and mile-
stone acquisition. The three favourable trials were all at
high risk of bias when assessed using the Cochrane criteria,

including small sample sizes (n<16) and extremely low
methodological quality such as a lack of blinding, inten-
tion-to-treat analysis, concealed allocation, etc. In the three
NDT dosing RCTs, two studies (studying n=96 children)
found no difference between intense or regular NDT,
whereas one more recent study, by Tsorlakis212 (n=34),
showed favourable outcomes from higher-intensity NDT
over lower-intensity NDT. The most recent NDT system-
atic review143 cited the Tsorlakis212 RCT as the sole high-
level evidence for NDT being favourable, excluding older
evidence and thus all the unfavourable NDT RCTs. Since
this is not a standard systematic review methodology for
providing proof of efficacy, the results of this systematic
review143 should be interpreted with caution. The differ-
ence in inclusion criteria between the systematic reviews
explains why the newer systematic review143 suggests a
more favourable benefit from NDT than the earlier sys-
tematic reviews that concluded ineffectiveness.141,142

In order to determine the strength of recommendation,
the panel weighed up the balance of benefits and harms from
NDT and concluded that there was strong evidence that
NDT does not improve contracture and tone, along with
weak evidence that NDT does not improve function. This
was because, first, when the methodological quality of the
evidence base was considered, the highest quality evidence
suggested NDT was ineffective, with only low-quality, high
risk of bias studies finding a favourable benefit from NDT.
Second, the importance of the outcome that NDT aims to
prevent was considered: (1) regarding contracture, which is
painful and can limit function, high-quality RCTs showed
that casting was a superior treatment to NDT for contrac-
ture management and therefore the panel favoured casting;
(2) regarding tone reduction, the highest quality evidence
suggested that NDT was ineffective for this indication and
other evidence shows BoNT exists as a highly effective alter-
native and therefore the panel favoured BoNT or other
effective pharmacological agents. Third, the magnitude and
precision of treatment effect was considered: only 3 out of
15 trials found any benefit of NDT, and in these studies the
treatment effects were small with very low precision esti-
mates as a result of methodological flaws. Fourth, the bur-
dens and costs of the therapy were considered: NDT is
time-consuming and expensive for families, and, what is
more, a high-quality RCT shows that substantially better
functional motor gains are achieved from motor learning
than from NDT at equal doses.213 Therefore, despite the
evidence being less well understood for the likelihood of
NDT influencing functional motor gains (yellow light), the
panel favoured motor learning since superior gains were
possible from an equal dose. Furthermore, since no other
body structure and function intervention in this review
showed gains beyond the body structure and function level
up into the activity level, it is hard to imagine why NDT
would be the exception to this trend.

In summary, high-quality evidence demonstrates that
casting is superior to NDT for managing contracture;
BoNT exists as a highly effective alternative to NDT for
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managing tone since NDT is ineffective for this indication;
and despite less being known about whether NDT
improves function, high-quality evidence indicates that
motor leaning is superior to NDT for improving function.
Consequently, there are no circumstances where any of the
aims of NDT could not be achieved by a more effective
treatment. Thus, on the grounds of wanting to do the best
for children with CP, it is hard to rationalize a continued
place for traditional NDT within clinical care.

Recommendations for research
In future, systematic review authors should assign a GRADE
to the body of evidence summarized, to enable clinicians to
more quickly interpret the findings of the review for clinical
practice. For the motor learning interventions that were
‘green light’, researchers have repeatedly called for future
investigations to determine optimal dosing, to better assess
the widely held belief that ‘more is better’. Understanding
optimal intensity of therapy is important for maximizing
outcomes, accurately costing services, and offering family-
friendly, achievable interventions. For all the green-light
interventions, additional studies that evaluate long-term out-
comes are necessary. First, because families of children with
CP have life-long caregiving responsibilities, an understand-
ing the impact of these time-intensive and expensive inter-
ventions would help with expectation management and
planning for lifetime care. Second, it is unknown if some
interventions continue to add an incremental benefit when
used repeatedly over years or whether the gains are one-off
and short term only. Long-term outcome data are essential
for costing and optimizing the outcomes of children with
CP.

For the yellow-light interventions with lower-quality evi-
dence or a paucity of research to support effectiveness, rec-
ommendations for research include the use of individual
patient meta-analyses to accelerate data aggregation; collab-
orations that strategize multicentre data collection to over-
come sample size barriers; and the use of CP registries and
single-system designs if RCTs are deemed impossible or
ethically undesirable to conduct. Use of these research
methodologies is advisable and appropriate across all disci-
plines but would have particular value if applied to the disci-
plines of orthopaedic surgery, speech pathology,214–216 and
social work, in order to better substantiate the important
contributions these clinicians make to CP care. The CP field
would also benefit from social workers and psychologists
confirming the assumed benefits of proven interventions
from non-CP populations amongst children with CP.

When the whole evidence base was viewed from a global
perspective, there was a startling lack of interventions
available to improve children’s participation within their
community. Given that this has been identified by many of
the systematic review authors as a priority area for inter-
vention, more research designed to measure the effects
of participation interventions and funds dedicated to this
end is urgently needed. Furthermore, until participation-
specific measures with sensitivity to change have been

developed, researchers need to measure the effects of par-
ticipation intervention using GAS or the COPM.

Study limitations
All systematic reviews are prone to publication bias from
the included trial data; therefore, this systematic review of
systematic reviews may incorporate this inherent bias.
There is also no guarantee that absolutely all relevant sys-
tematic reviews were retrieved, despite the thorough search
strategy. Publication bias, however, is unlikely to be more
of a problem when identifying systematic reviews than
when identifying clinical trials. Moreover, conducting a
systematic review of systematic reviews is a study limitation
in its own right because the method does not create any
information that was not already available. Furthermore,
using a high-level synthesis helicopter view means that spe-
cific intervention details about how the intervention took
place, who benefitted from the intervention, and for how
long the intervention was carried out for were not
reported; clinicians would need to turn to the included
papers to obtain this information. In its place we hope that
the knowledge synthesis will help to bridge the gap
between research and practice by providing comparisons of
varying interventions to aid decision making.

CONCLUSION
In conclusion, we found compelling evidence from sys-
tematic reviews to suggest that the following interventions
are effective at the body structures and function level
alone: anticonvulsants, ankle casting, BoNT, bisphospho-
nates, diazepam, fitness training, hip surveillance, pressure
care, and selective dorsal rhizotomy. We also found com-
pelling evidence from systematic reviews to suggest that
the following interventions improve function at the activi-
ties level: bimanual training, constraint-induced movement
therapy, context-focused therapy, goal-directed/functional
training, home programmes, and occupational therapy
after BoNT. No interventions were shown to work con-
clusively at more than one level of the ICF. Therefore, if
a body structures and function outcome is desired, the
intervention must be selected from the suite of evidence-
based body structures and function interventions. Con-
versely, if an activities-level outcome is sought, top-down
learning interventions, acting at the activities level, must
be applied.

The lack of certain efficacy evidence for large propor-
tions of the interventions in use within standard care is a
problem for people with CP, healthcare providers, purchas-
ers of healthcare, and funders. More research using rigor-
ous designs is urgently needed as CP is the most common
physical disability of childhood with a life-long impact.190

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online

version of this article:

Table SI: Search strategy.
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