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vention options. From an ICF perspective, CP impacts on
a personÕs ÔfunctioningÕ, (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 ÔdisabilitiesÕ, 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
Þeld has chosen a philosophical shift away from almost
exclusively redressing physical impairments underlying
functional problems to adopting an additional focus on
maximizing childrenÕs 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, insufÞcient
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
GRADE 17 system and to complement these Þndings with
the Evidence Alert TrafÞc 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 ÔhelicopterÕ 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 identiÞed
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 EfÞcacy (PsycBITE [www.psycbite.com]); Psy-
cINFO (1935–2012); PubMED; and Speech Pathology
Database for Best Interventions and Treatment EfÞcacy
(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 identiÞed using (1) contributing
authorsÕ knowledge of the Þeld; (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 ChildrenÕs
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 Ôcerebral palsyÕ as an indica-
tor of popular subject matter.

Electronic databases were searched with EBSCO host
software using PICOs [patient/problemyAlli-



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
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using the Oxford Levels of Evidence; a categorization
using GRADE; a colour coding scheme using the Evidence



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 Ôdo itÕ (i.e.
green light, go interventions); 58% (n=76) were graded
Ôprobably do itÕ (i.e. yellow light, measure outcomes); 20%
(n=26) were graded Ôprobably do not do itÕ (i.e. yellow
light, measure outcomes; see Fig. 1); and 6% (n=8) were
graded Ôdo not do itÕ (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 Þelds 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

Grade of evidence

Quality

F
av

ou
ra

bl
e

U
nf

av
ou

ra
bl

e

High Strong + Green: Go

Yellow: Measure

Red: StopStrong –

Weak +

Weak –

High

High = Further research is very unlikely 
to change our confidence in the
estimate of effect
Further research is likely to have
an important impact on our confidence
in the estimate of effect and may 
change the estimate 
Further research is very likely to
have an important impact on our
confidence in the estimate of effect
and is likely to change the estimate 

Any estimate of effect is very uncertain

Moderate

Moderate

Low

Very low

Very low

Very low =

Low

Low =

Recommendation

Traffic alert action

Moderate =

Strong + Do it

Don’t do it

Probably do it
Probably don’t do it

Strong –

Weak +
Weak –

Green = Go: Effective, therefore do it

Yellow = Measure: Uncertain effect,
                               therefore measure
                               outcomes to determine
                               if progress is made

Red = Stop: Ineffective, therefore don’t do it

Figure 1: Relationship between the GRADE and Traffic Light System.

Total no. of
   articles
(n = 33 485)

n = 148
n = 77
n = 118
n = 16
n = 308 000
n = 154
n = 32
n = 72
n = 1

n = 124
n = 25
n = 7
n = 4

n = 66
n = 1996
n = 5

CINAHL
Cochrane
DARE
ERIC
Google scholar
Medline
OT seeker
PEDro
PsychBITE
PsychINFO
PubMED

Systematic reviews
RCTs
Non-randomised
Case series

SpeechBITE

Reasons for deletion included:
Not systematic reviews; not
>25% sample had cerebral
palsy; duplicates; protocols
only; and practice guidelines

      Total no. of
   articles included
         (n = 166)

No. of potential
   articles after
    deletion by
  title (n = 231)

No. of potential
   articles after
    deletion by
       abstract
      (n = 171)

No. of potential
   articles after
deletion by full-
 text (n = 166)

Figure 2: Flow diagram of included articles.
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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 Þeld of speech pathology, it is
worth noting that it is difÞcult 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 Þndings 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-
ventionÕs desired outcome. Out of the 131 intervention
outcomes for children with CP identiÞed 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 remainingn=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) Þtness training for improving Þtness; (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-speciÞc 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 trafÞc 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 Þnding here was that there were no
proven effective interventions for addressing the participa-



therapy; orthopaedic surgery; parent training; phenol
(intramuscular injections); play therapy; respite; seating and



Effective
  Spasticity
management

 Contracture
management

  Improved
    muscle
   strength

S+

W+

W –

S –

?

Do it

Probably do it

Unknown in CP

Worth it line

Ineffective

 Tizan-
idine

Baclofen
   oral

Alcohol

ITB

SEMLS

Hand
surg-

 Ortho-
paedics

 NDT

 Stretching
   manual

 Orthotic
   hand

SDR

  Casting
lower limb

Casting
 upper 
   limb

 Strength
  training
lower limb

 Strength
  training
   upper   
    limb

 ES

  Whole
   body
vibration

 Vojta

Orthotics
   AFOs

Botulinum toxin

Diazepam

Dantr-
 oline

Phenol

Casting

Don’t do it

Probably don’t do it



highly effective prevention interventions.186,187 There is no
reason to think that this trend may decline. This Þnding has
important implications for managers, knowledge brokers,
and clinicians about Þnding effective and efÞcient ways for
health professionals to remain up to date with the latest
practice. Best available knowledge translation evidence sug-



Going forward, systematic and disciplined use of out-
come measures within all specialties is required for
generating new evidence and conÞrming 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 difÞculties in assembling large
homogenous samples. This recommendation is particularly
vital for the Þelds 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 Þeld stopped solely



performance-based or Ôtop-downÕ approaches based on



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 Þndings of the review for clinical
practice. For the motor learning interventions that were
Ôgreen lightÕ, researchers have repeatedly called for future
investigations to determine optimal dosing, to better assess
the widely held belief that Ômore is betterÕ. 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 beneÞt 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 Þeld
would also beneÞt from social workers and psychologists
conÞrming the assumed beneÞts 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 childrenÕs participation within their
community. Given that this has been identiÞed 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-
speciÞc measures with sensitivity to change have been
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