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A B S T R A C T

Background

Developmental co-ordination disorder (DCD) is a common childhood disorder, which can persist into adolescence and adulthood. Children
with DCD have diBiculties in performing the essential motor tasks required for self-care, academic, social and recreational activities.

Objectives

To assess the eBectiveness of task-oriented interventions on movement performance, psychosocial functions, activity, and participation
for children with DCD and to examine diBerential intervention eBects as a factor of age, sex, severity of DCD, intervention intensity, and
type of intervention.

Search methods

In March 2017, we searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, 13 other databases, and
five trials registers. We also searched reference lists, and contacted members of the mailing list of the International Conference on DCD
to identify additional studies.

Selection criteria

We included all randomised controlled trials (RCTs) and quasi-RCTs that compared the task-oriented intervention with either an inactive
control intervention or an active control intervention in children and adolescents aged four to 18 years with a diagnosis of DCD.

Types of outcome measures included changes in motor function, as assessed by standardised performance outcome tests and
questionnaires; adverse events; and measures of participation.

Data collection and analysis

All review authors participated in study selection, data extraction, and assessments of risk of bias and quality, and two review authors
independently performed all tasks. Specifically, two review authors independently screened titles and abstracts to eliminate irrelevant
studies, extracted data from the included studies, assessed risk of bias, and rated the quality of the evidence using the GRADE approach.
In cases of ambiguity or information missing from the paper, one review author contacted trial authors.

Main results

This review included 15 studies (eight RCTs and seven quasi-RCTs).
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Study characteristics

The trials included 649 participants of both sexes, ranging in age from five to 12 years.

The participants were from Australia, Canada, China, Sweden, Taiwan, and the UK.

Trials were conducted in hospital settings; at a university-based clinic, laboratory, or centre; in community centres; at home or school, or
both at home and school.

The durations of task-oriented interventions were mostly short term (less than six months), with the total number of sessions ranging from
five to 50. The length of each session ranged from 30 to 90 minutes, and the frequencies ranged from once to seven times per week.

We judged the risk of bias as moderate to high across the studies. Some elements were impossible to achieve (such as blinding of
administering personnel or participants).

Key results: primary outcomes

A meta-analysis of two RCTs and four quasi-RCTs found in favour of task-oriented interventions for improved motor performance compared

to no intervention (mean diBerence (MD) -3.63, 95% confidence interval (CI) -5.88 to -1.39; P = 0.002; I2 = 43%; 6 trials, 169 children; very
low-quality evidence).

A meta-analysis of two RCTs found no eBect of task-oriented interventions for improved motor performance compared to no intervention

(MD -2.34, 95% CI -7.50 to 2.83; P = 0.38; I2 = 42%; 2 trials, 51 children; low-quality evidence).

Two studies reported no adverse eBects or events. Through personal correspondence, the authors of nine studies indicated that no injuries
had occurred.

Key results: secondary outcomes

Due to the limited number of studies with complete and consistent data, we were unable to perform any meta-analyses on our secondary
measures or any subgroup analysis on age, sex, severity of DCD, and intervention intensity.

Authors' conclusions

We have very little confidence in the eBect estimate: the true eBect is likely to be substantially diBerent from the estimate of eBect.
The conclusions drawn from previous reviews, which unanimously reported beneficial eBects of intervention, are inconsistent with our
conclusions. This review highlights the need for carefully designed and executed RCTs to investigate the eBect of interventions for children
with DCD.

P L A I N   L A N G U A G E   S U M M A R Y

Task-oriented intervention for children with developmental co-ordination disorder

Review question

We reviewed the evidence for the eBects of interventions that aim to practise real-life tasks on the movement skills of children with
developmental co-ordination disorder (DCD).

Background

DCD is a common childhood disorder characterised by diBiculties in performing essential movement-based activities. DCD can make it
diBicult for children to take care of themselves at home, do well at school, or participate in sport and leisure activities because they find
it diBicult to move their hands and body eBectively. Their movement problems can aBect their confidence and social life. Task-oriented
interventions use specific activities that are meaningful to the children and provide them with an opportunity to practise these activities to
improve corresponding motor skills. This review investigated how eBective task-oriented interventions are for the movement performance,
psychosocial functions, activity, and participation for children with DCD.

Study characteristics

We systematically searched for studies that examined the eBect of task-oriented interventions for children with DCD. We found 15
appropriate studies involving 649 children from five to 12 years of age with a diagnosis of DCD. The participants were from Australia,
Canada, China, Sweden, Taiwan, and the UK. Trials were conducted in hospital settings; at a university-based clinic, laboratory, or centre;
in community centres; at home or school, or both at home and school. Most trials were small and of poor quality. The duration of the
intervention was oOen short (i.e. less than six months).

Key results
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We were only able to combine the results from six studies in a meta-analysis, a statistical method to summarise the results from several
independent studies. Together these studies suggest that task-oriented interventions have a moderately positive eBect on movement
problems. However, the finding from the two strongest studies alone indicated that task-oriented interventions do not improve movement
problems.

We were unable to use the remaining nine included studies in a meta-analysis because of insuBicient data, or because the interventions
used in the control groups (without a task-oriented intervention) were too diBerent to combine. As a result, we were unable to perform any
meta-analyses on many of our intended outcome measures or look at the eBects of age, sex, severity of DCD, or how much intervention
was received.

Two studies reported no side eBects. Through email correspondence, the authors of nine studies indicated that no injuries had occurred.

Quality of the evidence

The quality of the evidence was generally low, meaning we are very uncertain about the findings of this review.

Conclusions

At the moment, task-oriented interventions may be useful for children with DCD in improving their performance on movement tests. We
cannot be sure about benefits in other areas. Higher-quality research is needed to investigate and establish the eBect of task-oriented
intervention for children with DCD.
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Summary of findings for the main comparison.   Task-oriented interventions versus no intervention for children with developmental co-ordination
disorder (DCD)

Task-oriented interventions versus no intervention for children with developmental co-ordination disorder (DCD)

Participant or population: children with DCD

Settings: hospital settings; university-based clinic, laboratory, or centre; community centres; home; and school

Intervention: task-oriented interventions

Comparison: no intervention

Anticipated absolute effects* (95% CI)Outcomes

Risks with no intervention Risks with task-oriented inter-
ventions

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

MABC,To-
tal Impair-
ment Score,
RCTs and qua-
si-RCTs. 
Scale from: 0 to
40.

Follow-up:
range 6 weeks
to 6 months.

The mean MABC, Total Impair-
ment Score in the inactive con-
trol groups ranged from 5.5 to
27.0

The mean MABC, Total Impairment
Score in the intervention group
was 3.63 lower (5.88 lower to 1.39
lower)

- 169
(6 RCTs)

⊕⊝⊝⊝

Very low 1
Green 2008; Hillier
2010; Pless 2000b;
Tsai 2009; Tsai 2012

Analysis conducted
on the total impair-
ment scores of the
MABC; the higher the
score, the more im-
paired.

MABC, Total
Impairment
Score, RCTs on-
ly. 
Scale from: 0 to
40.

Follow-up:
range 6 weeks
to 20 weeks.

The mean MABC, Total Impair-
ment Score in the inactive con-
trol groups ranged from 17.13
to 20.80

The mean MABC, Total Impairment
Score in the intervention group
was 2.34 lower (7.50 lower to 2.83
higher)

- 51
(2 RCTs)

⊕⊕⊝⊝

Low 2
Green 2008; Hillier
2010

Analysis conducted
on the total impair-
ment scores of the
MABC; the higher the
score, the more im-
paired.

Adverse events 0 events reported in both the intervention and control group. Not estimable 340

(11 RCTs)

- AC-
TRN12614000106639;
Fong 2016; Green
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2008; Hillier 2010;
Hung 2010; Miller
2001; Pless 2000b;
Sugden 2003; Thorn-
ton 2016; Tsai 2009;
Tsai 2012

Changes in mo-
tor co-ordina-
tion, as mea-
sured by stan-
dardised rating
scales

1 study used the DCDQ (Green 2008), and 2 studies used the MABC
Checklist (Pless 2000b; Sugden 2003). Green 2008 reported no data
on the questionnaire to be used for a randomised comparison. Pless
2000b found no significant intervention effect on the MABC Checklist,
and Sugden 2003 used the MABC Checklist at pre-intervention only,
not at postintervention.

Not estimable 111

(3 RCTs)

⊕⊝⊝⊝

Very low 3
Important outcome
to accumulate data
for future evidence
synthesis.

Measures of
impairment
(e.g. sensa-
tion, physical
fitness)

See comment. - - - Not reported. Impor-
tant outcome to ac-
cumulate data for fu-
ture evidence syn-
thesis.

Measures of
psychosocial
factors

3 studies used perceived competence scales (ACTRN12614000106639;
Hillier 2010; Miller 2001). ACTRN12614000106639 used the PSPCSA
and found a significant intervention effect on perceived physical com-
petence, but no differential intervention effect between intervention
setting and provider. Hillier 2010 also used the PSPCSA and found no
evidence of an effect on perceived physical competence as a result
of intervention. Miller 2001 used the Self Perception Profile for Chil-
dren (Harter 1985) and found no significant intervention effect on the
scale. It was impossible to estimate the anticipated absolute effects of
the 3 studies for 2 reasons: 1. Hillier 2010 reported median and range,
whereas ACTRN12614000106639 and Miller 2001 reported means and
SDs; 2. Hillier 2010 and Miller 2001 used inactive controls, whereas AC-
TRN12614000106639 used active controls.

Not estimable 126

(3 RCTs)

⊕⊝⊝⊝

Very low 3
Important outcome
to accumulate data
for future evidence
synthesis.

Measures of
occupational
and task per-
formance

2 studies used the COPM and reported improved performance and
satisfaction as a result of intervention (Miller 2001; Thornton 2016).
Miller 2001 reported that the differential intervention effect between
the CO-OP and the contemporary treatment approach (defined as a
variety of approaches) was significant on the satisfaction subscale
only, which had a considerable baseline difference between the 2
groups. Thornton 2016 reported the significant pre-post improvement
in the CO-OP group only; the change in the control group is not report-
ed.

Not estimable 40

(2 RCT)

⊕⊝⊝⊝

Very low 3
Important outcome
to accumulate data
for future evidence
synthesis.

Measures of
participation

2 trials measured participation in physical activities by self-made
questionnaires only after the intervention (Hillier 2010; Pless 2000b).

Not estimable 49 ⊕⊝⊝⊝

Very low 3
Important outcome
to accumulate data
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Hillier 2010 administered a participation questionnaire after the inter-
vention and found no group difference between the intervention and
the control group. Pless 2000b found no group difference in practising
motor tasks at home.

(2 RCTs) for future evidence
synthesis.

* The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; CO-OP: Cognitive Orientation to daily Occupational Performance (Missiuna 2001); COPM: Canadian Occupation Performance Measure (Law 1998);
DCDQ: Developmental Coordination Disorder Questionnaire (Wilson 2009); MABC: Movement Assessment Battery for Children (Henderson 2007); PSPCSA: Pictorial Scale of
Perceived Competence and Social Acceptance (Harter 1984); RCT: randomised controlled trial; SD: standard deviation.

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low quality: Our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect.

1 Downgraded two levels for very serious imprecision (small sample size) and one level for study limitations (concerns with allocation concealment in Green 2008, Pless 2000b,
Tsai 2009, Tsai 2012, and Wilson 2016, which comprise 92.90% of the total number of participants included in the meta-analysis).
2 Downgraded two levels for very serious imprecision (small sample size).
3 Downgraded two levels for very serious imprecision (small sample size) and one level for very serious study limitations.
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B A C K G R O U N D

Description of the condition

Children with developmental co-ordination disorder (DCD) have
significant diBiculty in acquiring and executing the essential,
co-ordinated motor skills required for self-care (e.g. dressing),
social and recreational activities (e.g. riding a bicycle), and
academic achievement (e.g. handwriting) as compared with
typically developing children of the same age (APA 2013).
Additionally, the disturbance in motor skills is not explained
by a lack of opportunity for skill learning and use, or by any
known medical conditions, including intellectual disability or visual
impairment (APA 2013).

A diagnosis of DCD is made if the child satisfies the diagnostic
criteria from the Diagnostic and Statistical Manual for Mental
Disorders Fi�h Edition (DSM-5; APA 2013). The assessment involves
taking a developmental history, performing a clinical examination
to rule out possible medical conditions, assessing the child's
functional motor skills (usually through parent or teacher report),
and objectively assessing the child's motor competence using a
performance-based motor assessment (Blank 2012). DCD is usually
diagnosed between the ages of five and 16 years (Blank 2012),
with its symptoms being recognised in the early developmental
period. By definition, children with suspected DCD should be free
from definite neurological conditions (Gibbs 2007); however, minor
neurological dysfunctions are frequently reported in children
with DCD, suggesting that early brain lesions might be causative
(Hadders-Algra 2003). Moreover, studies using brain imaging report
diBerences in neural networks and brain activation patterns
between children with DCD and children without DCD (Kashiwagi
2009; Zwicker 2010).

The prevalence of DCD has been cited as 6% of school-aged children
(APA 2013), and the male-to-female ratio has been reported
as 1.9:1 in one UK study of seven-year-old children (Lingam
2009). DCD may also be referred to as clumsy child syndrome,
dyspraxia (Miyahara 2000), or specific developmental disorder
of motor function (WHO 2010). Currently, the DSM-5 criteria
accept comorbidities of DCD with attention-deficit or hyperactivity
disorder (or both), communication disorders, intellectual disability,
and specific learning disorders (APA 2013).

DCD is included in the manual of mental disorders because of
its consequential avoidance behaviours and psychosocial impacts
(Spitzer 1994). The self-esteem of children with DCD, in terms
of physical competence, is diminished to a greater extent than
that of children with severe physical disabilities (Miyahara 2006).
They are likely to be onlookers in playgrounds, and isolated
and solitary in the school yard (Smyth 2000). Rejection by their
peers (Lingam 2012) can lead to children with DCD missing out
on important socialisation experiences, resulting in sub-optimal
social skills (Cummins 2005). They may be easy targets for bullies
(Lingam 2012; Piek 2005). Their levels of depressive symptoms and
anxiety are higher than typically developing children (Schoemaker
1994; Skinner 2001), and adolescents (Cantell 1994; Skinner 2001).
DCD influences children's physical functions and health status,
as well as their emotional life and social participation, not only
during childhood but also throughout adolescence (Losse 1991)
and adulthood (Cousins 2003; Missiuna 2008). Their reduced levels
of participation in physical activity (Cairney 2005) have secondary
consequences, such as reduced cardiorespiratory fitness (Cairney

2006), and increased risk for obesity and coronary vascular disease
(Cairney 2007). While the motor diBiculties of children with DCD
may appear to be less debilitating than those experienced by
children with severe physical disabilities (e.g. cerebral palsy), it is
the high prevalence of DCD, and its impact on children's socio-
emotional well-being and future health status (Miyahara 2016a),
that makes DCD a significant condition in need of appropriate
intervention.

DCD is oOen measured using performance-based and impairment-
based motor outcomes. Performance-based measures of fine
and gross motor function, such as the Movement Assessment
Battery for Children (MABC; Henderson 1992; Henderson 2007)
and the Bruininks Oseretsky Test of Motor Performance (BOTMP;
Bruininks 1978; Bruininks 2005), assess general motor ability, which
underpins activities of daily living and academic performance.
These measures employ neutral tasks that vary slightly from real-
life functional tasks to avoid item bias. They are also standardised,
objective, and sensitive to change. Some measures of task
performance, such as the Canadian Occupational Performance
Measure (COPM; Law 1990) or the Goal Attainment Scaling (GAS;
Kiresuk 1968), oBer a self-report perspective of task-related
outcomes and are used to complement objective measures of
task performance. Impairment-based measures, an historic way
of approaching intervention and assessment, investigate specific
manifestations such as strength or sensation. It is important to
cover the spectrum of theInternational Classification of Functioning,
Disability and Health (ICF; WHO 2001) (impairment, activity
limitations, participation restrictions) in any assessment schedule.

Description of the intervention

Existing interventions range from movement-based therapies and
education (usually provided by physiotherapists, occupational
therapists, and physical educators) to pharmacology, dietary
supplements, and psychological interventions such as those that
address self-concept via counselling or cognitive behavioural
therapy. Traditionally, the movement-based approaches have been
classified in accordance with the emphasis of the intervention; that
is, task-oriented versus process-oriented. Interventions that focus
on the performance of specific movement tasks or 'occupations',
such as tying shoelaces, ball catching, and handwriting, are
collectively called task-oriented approaches. Within the task-
oriented approaches are task-specific training (Revie 1993),
cognitive motor approach (Henderson 1992), Cognitive Orientation
to daily Occupational Performance (CO-OP; Missiuna 2001),
neuromotor task training (NTT; Schoemaker 2003), and ecological
intervention (Sugden 2007). The common theme of task-oriented
approaches resides in the employment of specific tasks in an
attempt to improve corresponding skills. The diBerences between
task-oriented approaches depend on where the relative emphasis
is placed, such as task-specificity in motor skill learning (Revie
1993); the interaction between cognitive, aBective, and motor
competence (Henderson 2007); child-centred cognitive strategies
(Missiuna 2001); analysis of neuromotor processes underlying
motor control (Schoemaker 2003); and making the task relevant
and ecologically valid (Sugden 2007). In contrast, process-oriented
approaches work on the principle that there is an underlying deficit,
which must be remediated before functional change can take place.
One of the most popular approaches in this category is sensory
integration therapy, first devised by Ayres in the 1960s, which
aims to improve the eBectiveness and eBiciency of processing

Task-oriented interventions for children with developmental co-ordination disorder (Review)
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and co-ordinating sensory information input to improve motor
performance (Ayres 1979). However, there is more evidence against
the eBectiveness of this approach than in favour of it (Zimmer
2012). In this review, we evaluated existing research on the
more recently proposed task-oriented approaches in comparison
to other process-oriented approaches, so that consumers and
professionals can make informed decisions.

How the intervention might work

Based on principles of motor control and learning, task-oriented
approaches involve concentration on the task, or group of tasks,
to be mastered. In essence, they capitalise on the assumption
that learning and skill acquisition is strongest when the learner
understands the meaning of the training, and finds the task to be
useful or relevant to his or her life. Thus, aspects of motivation and
engagement are catered for, as well as the current understanding
around brain plasticity, which supports the idea that learning
eBectiveness is enhanced when the person perceives the goal, or
likely reward, as functional and beneficial (Hoerzer 2014). At the
behavioural level, the intervention eBects are explained in terms
of the variables involved in motor learning, such as repetition,
duration, intensity, frequency of practice, and the types of feedback
given (Henderson 1992; Keogh 1985; Revie 1993; Schoemaker
2003). At the cognitive level, the improvement of motor skills is
explained in terms of intellectual understanding of motor tasks and
verbal mediation, or talking through movements in the process
of perceiving stimuli, and preparing and executing movements
(Cratty 1989; Henderson 1992; Missiuna 2001). The impact of
incorporating ecological aspects involves adapting or manipulating
the environment and context to reproduce, as closely as possible,
the actual learning task environment. This ensures contextual
relevance and meaning, and thus is ecologically valid to the child
with the support of significant others such as parents and teachers
(Sugden 2007).

Why it is important to do this review

Parents of children with DCD need a readily understandable review
to help them make informed decisions about the best available
interventions, as do service providers. Since the publication of
earlier systematic (Hillier 2007) and meta-analytic (Pless 2000a)
reviews of the intervention eBects for children with DCD, new
evidence has accumulated. More recent systematic and meta-
analytic reviews included relatively new trials only and did
not evaluate these data together with older evidence (Smits-
Engelsman 2013; Wilson 2013). Meta-analytic studies considered
the intervention eBects of the foregoing studies altogether, rather
than examining the diBerential intervention eBects of the children's
age, the environment of intervention, interventionist (Hillier 2007),
and the quality of research (Miyahara 2016b). Likewise, the latest
systematic and meta-analytic review reviewed new trials only, and
took no account of the quality of evidence to draw conclusions
(Preston 2016). The identification of diBerential intervention
eBects, particularly the eBects of high-quality evidence derived
from randomised controlled trials (RCTs), would allow service
providers and consumers to make better informed decisions. It is of
clinical and theoretical interest whether the intervention eBects are
transferred from specific intervened tasks to general motor ability.

O B J E C T I V E S

To assess the eBectiveness of task-oriented interventions on
movement performance, psychosocial functions, activity, and
participation for children with DCD and to examine diBerential
intervention eBects as a factor of age, sex, severity of DCD,
intervention intensity, and type of intervention.

M E T H O D S

Criteria for considering studies for this review

Types of studies

RCTs and quasi-RCTs.

Types of participants

Children aged four to 18 years, diagnosed with DCD, as defined
by the Diagnostic and Statistical Manual of Mental Disorders (DSM),
Fourth Edition (DSM-IV; APA 1994) and Fi�h Edition (DSM-5; APA
2013), or children referred to as clumsy, physically awkward, or with
dyspraxia who otherwise meet the criteria.

Types of interventions

We included studies where the intervention was described
as task-oriented and formally required practise of a specific
task or occupation as the principal form of intervention.
This included task-specific training, cognitive motor approach,
ecological Intervention, NTT, and CO-OP. If a trial intervention
appeared to be task-oriented but was not formally labelled as such,
we included it if all review authors agreed that it complied with the
definition as stated.

We included studies that compared the task-oriented intervention
with either an inactive control intervention (e.g. usual care or
a waiting-list control), or an active control intervention (e.g. a
process-oriented approach such as sensory integration therapy
(Ayres 1979), pharmacology, counselling, or dietary advice).

Types of outcome measures

We considered both movement performance and impairment-
based measures to examine changes in fine and gross motor
function following intervention.

Primary outcomes

1. Changes in fine and gross motor function following intervention
as measured by standardised performance outcome tests such
as the following.
a. Bruininks Oseretsky Test of Motor Performance (BOTMP;

Bruininks 1978; Bruininks 2005).

b. McCarron Assessment of Neuromuscular Development
(MAND; McCarron 1997).

c. Movement Assessment Battery for Children Test (MABC;
Henderson 1992).

d. Test of Gross Motor Development (TGMD; Ulrich 1985; Ulrich
2000).

2. Adverse eBects or events: By the very nature of task-oriented
interventions, everyday tasks are performed under closer than
usual scrutiny or supervision, or both, and therefore are
assumed to be safer than those encountered in everyday life.
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However, we searched for any reports of adverse events that
conceivably could include musculoskeletal injury, falls, or pain.

Secondary outcomes

1. Changes in fine and gross motor function following intervention
as assessed by the following.
a. Changes in motor co-ordination, as measured by

standardised rating scales based on parent and teacher
report such as the Developmental Coordination Disorder
Questionnaire (DCDQ; Wilson 2009), or the Movement
Assessment Battery for Children - Checklist (MABC-C;
Henderson 2007).

b. Measures of impairment (e.g. sensation as measured by tests
such as stereognosis or pressure detection; muscle strength
as measured by tests such as one repetition maximum;
or co-ordination as measured by tests such as the Purdue
Pegboard).

c. Measures of psychosocial factors (self-esteem, self-concept)
such as the Perceived Competence Scale for Children (PCSC;
Harter 1982), the Pictorial Scale for Perceived Competence
and Social Acceptance for Young Children (PSPCSA; Harter
1984).

d. Measures of occupational and task performance such as the
Canadian Occupational Performance Measure (COPM; Law
1998), and the Goal Attainment Scaling (GAS; McDougall
1999).

2. Measures of participation (academic level, sporting
participation, recreation) such as the Assessment of Life Habits
Scale (LIFE-H; Fougeyrollas 1998), or teacher and family reports
of level of participation.

Search methods for identification of studies

Electronic searches

We searched the electronic databases and trials registers listed
below in August 2014, applying no language or date limits, and
re-ran the searches in April 2016 and March 2017. The search
strategies for each database are reported in Appendix 1. Additional
search details, including the exact search dates for each source, are
reported in Appendix 2.

1. Cochrane Central Register of Controlled Trials (CENTRAL;
2017, Issue 3) in the Cochrane Library, which contains the
Cochrane Developmental, Psychosocial and Learning Problems
Specialised Register (searched 5 April 2017).

2. MEDLINE Ovid (1946 to March Week 4 2017).

3. MEDLINE Epub Ahead of Print Ovid (3 April 2017).

4. MEDLINE In-Process & Other Non-Indexed Citations (3 April
2017).

5. Embase Ovid (1974 to 2017 Week 14).

6. ERIC ProQuest (Education Resources Information Center; 1966
onwards; searched 5 April 2017).

7. CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied
Health Literature; 1937 to current; searched 4 April 2017).

8. PsycINFO Ovid (1806 to April Week 2 2017).

9. Science Citation Index - Expanded Web of Science (SCI-
Expanded; 1970 to 31 March 2017; searched 4 April 2017).

10.Social Sciences Citation Index Web of Science (SSCI; 1970 to 31
March 2017; searched 4 April 2017).

11.Conference Proceedings Citation Index - Science Web of Science
(CPCI-S; 1990 to 31 March 2017; searched 4 April 2017).

12.Conference Proceedings Citation Index - Social Science &
Humanities Web of Science (CPCI-SS&H; 1990 to 31 March 2017;
searched 4 April 2017).

13.Cochrane Database of Systematic Reviews (CDSR; 2017, Issue 4),
in the Cochrane Library (searched 5 April 2017).

14.Database of Abstracts of Reviews of EBects (DARE; 2015, Issue 2),
in the Cochrane Library (searched 5 April 2017).

15.ProQuest Dissertations & Theses: UK & Ireland (searched 5 April
2017).

16.WorldCat (worldcat.org; searched 4 April 2017).

17.ClinicalTrials.gov (clinicaltrials.gov; searched 31 March 2017).

18.metaRegister of Controlled Trials (www.controlled-trials.com;
searched 18 June 2015). This service was under review in 2016
and 2017.

19.ISRCTN registry (isrctn.com; searched 31 March 2017).

20.World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP; apps.who.int/trialsearch; searched 31
March 2017).

21.Australian New Zealand Clinical Trials Registry (ANZCTR;
anzctr.org.au; searched 31 March 2017).

Searching other resources

We distributed an email to members of the International Society
for Research on DCD and asked them to provide any unpublished
studies (including studies written in languages other than English)
that met our inclusion criteria (see Criteria for considering studies
for this review). We also searched the reference lists of relevant
papers found by the literature search. We further searched relevant
websites identified by international experts, such as advocacy
groups or education resource listings, that may have identified
unpublished trials.

Data collection and analysis

Two review authors (MM and SLH) independently assessed all
identified studies for inclusion, extracted data, and assessed risk
of bias. Both review authors resolved disagreements by discussion
or with mediation with the third (LP) and the fourth (SN) review
authors.

Selection of studies

Two review authors (MM and SLH) screened the titles and
abstracts of all records retrieved by the search, and excluded
those that were clearly irrelevant. We retrieved the full-text papers
for the remaining records and determined final inclusion. Any
disagreements were resolved by discussion. We recorded our
decisions in a PRISMA diagram (Moher 2009; Figure 1).
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Figure 1.   Study flow diagram.

 
Data extraction and management

Using the ERC data collection form (Version 3, April 2014), two
review authors (MM and SLH) independently extracted data from
included trials on the following.

1. Methods: including aim, design, and unit of allocation.

2. Participants: including inclusion or exclusion criteria (or both),
number randomised, withdrawals and exclusion, and sample
characteristics.

3. Intervention: type of intervention (e.g. NTT or CO-OP), mode
of delivery (individual or group), personnel (health, education,
or non-trained staB), location (clinic, hospital, school, home),
duration, frequency, and intensity.

4. Outcomes: including time points measured, unit of
measurement, and power.

5. Risk of bias assessment: including details of sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, completeness
of outcome data, and selective outcome reporting.

6. Data and analysis: including length of follow-up, loss to follow-
up, unit of analysis, and statistical methods used.

7. Other: source of funding and possible conflicts of interest.

To assess the eBects of the intervention, we extracted data
for outcomes of interest (means and standard deviations for
continuous outcomes), where available in the published reports.
If unavailable, the first review author (MM) contacted the authors
of the original studies to request the data. Two review authors
(MM and SN) entered and verified the data extracted from each
study into Review Manager 5 (Review Manager 2014), resolving any
inconsistencies by discussion.

Assessment of risk of bias in included studies

Two review authors (MM and SLH for the initial search in August
2014 and MM and LP for the second and third search in April
2016 and March 2017) independently assessed the risk of bias
for each study and overall risk of bias, using Cochrane's 'Risk
of bias' tool (Higgins 2011a). We assessed the risk of bias
for each included study against key criteria: random sequence
generation, allocation concealment, blinding of participants and
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personnel (impossible given the nature of the intervention),
blinding of outcome assessment, incomplete outcome data,
selective outcome reporting, and other bias. We also contacted
study authors if no outcome data relevant to the primary or
secondary outcomes of the review had been published for a trial
(Kirkham 2010). We explicitly judged each of the foregoing domains
as low risk of bias, high risk of bias, or unclear risk of bias (either
lack of information or uncertainty over the potential for bias). We
reported the full 'Risk of bias' assessment and whether or not it
reduced our confidence in the analysed eBects. When the risk of
bias of the individual included studies was high, we interpreted the
results of the studies with caution.

Measures of treatment e:ect

We performed all statistical analyses using Review Manager 5
(Review Manager 2014).

Continuous outcome data

We analysed continuous outcomes measured on the same scale
between trials (e.g. MABC; Henderson 1992) using the mean
diBerence (MD) with 95% confidence intervals (CIs). In the case of
no relevant information being available, we requested information
from the authors of the original studies.

See our protocol, Miyahara 2014, and DiBerences between protocol
and review for methods to analyse outcomes measured on diBerent
scales archived for use in future updates of this review.

Multiple outcome data

For studies with postintervention data at multiple time points, we
extracted the MD from both postintervention and follow-up phases.
We considered the immediate postintervention data as the primary
outcome data.

Dichotomous data

Only one trial reported dichotomous data (Pless 2000b), which
were divided into definite motor diBiculties (MABC scores < 5th
percentile) and borderline motor diBiculties (MABC scores between
5th and 15th percentile).

See our protocol, Miyahara 2014, and DiBerences between protocol
and review section for methods to handle dichotomous data
archived for use in future updates of this review.

Unit of analysis issues

For cross-over trials (i.e. Green 2008), we extracted outcome data
from the first phase of the intervention period only, to avoid carry-
over eBects (Higgins 2011b). See DiBerences between protocol and
review.

See our protocol, Miyahara 2014, and DiBerences between protocol
and review for methods to analyse cluster-randomised trials
archived for use in future updates of this review.

Dealing with missing data

When we found any missing, inconsistent, or incomplete data
(e.g. missing outcomes, missing summary data, missing study
characteristics), the first review author (MM) contacted the authors
of the original studies to request the data. We recorded all relevant
information on missing data and dropouts for each study as part

of our 'Risk of bias' assessment. We also examined the reasons for
missing data and dropouts, and took those reasons into account
when drawing conclusions.

Assessment of heterogeneity

1. MM, SLH, and LP (each of whom has clinical experience)
assessed clinical heterogeneity, evaluating the variability across
study participants; for example, age, sex, severity of DCD,
interventions (frequency, duration, types), and outcomes
(types).

2. SLH and SN assessed methodological heterogeneity by
evaluating variability in research designs and risk of bias. We
examined diBerences in eBect size between studies that used
adequate randomisation, allocation concealment, and blinding,
and the studies that did not perform them adequately. We also
grouped the reviewed studies into high and low risk of bias
groups, and evaluated the diBerence in eBect sizes.

3. We identified statistical heterogeneity by visual inspection of

the forest plots, and by using the Chi2 test and I2 statistic.

We also reported Tau2, which is an estimate of between-study
variability, when reporting the results of the random-eBects
meta-analysis. We used a P value of 0.10 to determine statistical

significance of the Chi2 test for a small sample size (Deeks 2011).

We evaluated the importance of the I2 statistic by an observed I2

value greater than 40%, the magnitude and direction of eBects,

and the evidence for heterogeneity from the Chi2 test.

Assessment of reporting biases

We were unable to conduct visual assessment of funnel plot
asymmetry to identify possible publication bias (Sterne 2011),
because our meta-analysis contained fewer than 10 studies. See
Miyahara 2014 and DiBerences between protocol and review.

Data synthesis

We used random-eBects meta-analyses to combine MDs using
Review Manager 5 (Review Manager 2014). We conducted
sensitivity analyses using a fixed-eBect model (Sensitivity analysis).
See DiBerences between protocol and review.

'Summary of findings' table

We presented our results for the following outcomes in a 'Summary
of findings' table (Schünemann 2011), constructed by one review
author (MM): changes in fine and gross motor function, changes
in motor co-ordination, psychosocial factors, occupation and task
performance, and adverse eBects or events (see Types of outcome
measures).

Using the GRADE approach (Schünemann 2011), two review
authors (MM and SLH) independently assessed the quality of
the evidence for all but two studies (ACTRN12614000106639 and
Hillier 2010, which were assessed by MM and LP), resolving any
discrepancies by discussion.

Subgroup analysis and investigation of heterogeneity

We were unable to find suBicient studies to perform any subgroup
analysis (see Miyahara 2014; DiBerences between protocol and
review).
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Sensitivity analysis

Due to the small number of eligible studies, we were unable to
conduct our preplanned sensitivity analyses, which have been
archived for use in future updates of this review (see Miyahara
2014). However, we did conduct the following post hoc sensitivity
analyses to:

1. compare two sets of task-oriented intervention studies (one set
combining RCT and quasi-RCT studies and the second set of RCT
studies only); and

2. test the robustness of the results from the random-eBects model
compared to the fixed-eBect model.

See DiBerences between protocol and review.

R E S U L T S

Description of studies

For more information, see Characteristics of included studies,
Characteristics of excluded studies and Characteristics of studies
awaiting classification tables.

Results of the search

We ran the searches for this review in August 2014, April 2016, and
March 2017. Our searches yielded a total of 9423 records. AOer
removing 1995 duplicates, we screened 7428 records for eligibility
(see Criteria for considering studies for this review). We excluded
7353 irrelevant records based on their titles and abstracts. We
retrieved the full-text reports of the remaining 75 records and
excluded 55. We provided reasons for exclusion for seven studies
(from eight reports), as they appeared initially to meet our criteria
(Excluded studies). We identified 15 studies (from 19 reports), which
met our criteria, and one study awaiting classification. See Figure 1.

Included studies

This review included 15 studies, of which eight were RCTs
(ACTRN12614000106639; Au 2014; Fong 2016; Green 2008; Hillier
2010; Hung 2010; Miller 2001; Sugden 2003), and seven were quasi-
RCTs (Fong 2012; Pless 2000b; Tsai 2009; Tsai 2012; Thornton 2016;
Wilson 2002; Wilson 2016). See Characteristics of included studies
table.

We contacted all 15 authors of the included studies requesting
further information, and 10 responded (ACTRN12614000106639;
Green 2008; Hillier 2010; Hung 2010; Miller 2001; Pless 2000b;
Sugden 2003; Tsai 2009; Tsai 2012; Thornton 2016).

Duration

All trials were short term (less than six months in duration). The
length of each session ranged from 30 minutes (Hillier 2010) to 90
minutes (Fong 2016). The frequency of sessions ranged from one
(ACTRN12614000106639; Au 2014; Fong 2012; Green 2008; Hillier
2010; Hung 2010; Pless 2000b; Thornton 2016; Wilson 2002; Wilson
2016) to seven (Sugden 2003) sessions per week. The total number
of sessions ranged from five (Wilson 2002; Wilson 2016) to 50 (Tsai
2012).

Location

Five trials were conducted in Australia (ACTRN12614000106639;
Hillier 2010; Thornton 2016; Wilson 2002; Wilson 2016), four in China

(Au 2014; Fong 2012; Fong 2016; Hung 2010), two in Taiwan (Tsai
2009; Tsai 2012), two in the UK (Green 2008; Sugden 2003), and one
trial each in Canada (Miller 2001) and Sweden (Pless 2000b).

Setting

Four trials were conducted in hospital settings (Au 2014; Fong 2012;
Hillier 2010; Hung 2010), five at a university-based clinic, laboratory,
or centre (ACTRN12614000106639; Fong 2016; Miller 2001; Pless
2000b; Wilson 2002), two in community centres (Fong 2012; Green
2008), and four at home or school, or both (ACTRN12614000106639;
Sugden 2003; Tsai 2009; Tsai 2012). Two trials provided no
information on the setting (Thornton 2016; Wilson 2016).

Participants

The eight RCTs included 332 children (with the reported
percentages of girls ranging from 14% to 32% (mean 27%),
equivalent to a boy:girl ratio of 3:1). All children were aged between
five and 12 years.

The seven quasi-RCTs included 317 children (with the reported
percentages of girls ranging from 0% to 55% (mean 24%),
equivalent to a boy:girl ratio of 3:1). All participants were aged
between five and 10 years. Note, two studies (Wilson 2002, Wilson
2016) did not provide a breakdown by sex, hence the boy:girl ratio
is based on five studies only.

Nine of the 15 studies performed sample power calculations
(ACTRN12614000106639; Au 2014; Fong 2012; Fong 2016; Green
2008; Hillier 2010; Hung 2010; Thornton 2016; Wilson 2016).

Interventions

Eight trials used a motor skill intervention (ACTRN12614000106639;
Au 2014; Fong 2016; Hung 2010; Pless 2000b; Sugden 2003; Wilson
2002; Wilson 2016), four trials used a specific sport training (Fong
2012; Hillier 2010; Tsai 2009; Tsai 2012), and three trials used the CO-
OP (Green 2008; Miller 2001; Thornton 2016).

Ten trials used inactive controls (Fong 2012; Fong 2016; Green
2008; Hillier 2010; Pless 2000b; Thornton 2016; Tsai 2009; Tsai 2012;
Wilson 2002; Wilson 2016), and seven trials used active controls
(ACTRN12614000106639; Au 2014; Hung 2010; Miller 2001; Sugden
2003; Wilson 2002; Wilson 2016).

Outcomes

Primary outcomes

The most common measure was the MABC, used in 10 trials (Fong
2016; Green 2008; Hillier 2010; Hung 2010; Pless 2000b; Sugden
2003; Tsai 2009; Tsai 2012; Wilson 2002; Wilson 2016). Two trials
used the MABC-2; one used it as a screening tool but not as an
outcome measure (Fong 2012) and the other used it as an outcome
measure (Thornton 2016). One trial used the BOTMP (Miller 2001),
and one trial used the BOTMP, Second Edition (Au 2014). Two trials
(Green 2008; Miller 2001) used the Development Test of Visual-
Motor Integration - Revised (Beery 1997).

Two studies reported no adverse eBects or events (Fong 2016; Hung
2010). When we asked the authors of the other included studies
whether any injuries had occurred during the intervention, nine
authors responded and reported that no injuries had occurred
(ACTRN12614000106639; Green 2008; Hillier 2010; Miller 2001; Pless
2000b; Sugden 2003; Thornton 2016; Tsai 2009; Tsai 2012).
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Secondary outcomes

Three trials measured psychosocial factors using perceived
competence scales (Hillier 2010; Miller 2001; Pless 2000b), two trials
used the MABC-C (Sugden 2003; Wilson 2002), and two trials used
the COPM (Miller 2001; Thornton 2016).

Two trials measured participation in physical activities (Hillier 2010;
Pless 2000b).

Excluded studies

We read 75 full-text reports and excluded 47 as clearly irrelevant.
We formally excluded seven studies (eight reports); four on the
basis of ineligible study type and three on the basis of ineligible

intervention. See Characteristics of excluded studies for further
details.

Studies awaiting classification

We identified one study in which both the participants and the
intervention met the criteria for this review, but the method of
randomisation was unclear (Farhat 2016). We contacted the first
author of the study for clarification but received no response at
the time of publication of this review. See Characteristics of studies
awaiting classification.

Risk of bias in included studies

We assessed the risk of bias of each included trial using Cochrane's
'Risk of bias' tool (Higgins 2011b). A summary of our assessment is
shown in Figure 2 and Figure 3.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Overall, we judged the included studies to have moderate to high
risk of bias. We rated the RCTs by ACTRN12614000106639, Au 2014,
and Hung 2010 to be at low risk of bias in all domains except for
performance bias. We judged the remaining RCTs (Fong 2016; Green
2008; Hillier 2010; Miller 2001; Sugden 2003) to be at lower risk of
bias than the seven quasi-RCTs (Fong 2012; Pless 2000b; Thornton
2016; Tsai 2009; Tsai 2012; Wilson 2002; Wilson 2016), which had
higher risk of bias due to issues in their blinding and randomisation.

Allocation

Random sequence generation

We judged nine trials, which specified acceptable methods of
random sequence generation, to be at low risk bias for random
sequence generation (ACTRN12614000106639; Au 2014; Fong 2012;
Fong 2016; Green 2008; Hillier 2010; Hung 2010; Miller 2001; Sugden
2003). We judged six trials to be at high risk of bias: four (unblinded)
trials used blocked randomisation (Pless 2000b; Thornton 2016;
Wilson 2002; Wilson 2016) and two trials broke the generated
sequences (Tsai 2009; Tsai 2012).

Allocation concealment

We rated seven trials, which specified the method of allocation
concealment, to be at low risk of bias for allocation concealment
(ACTRN12614000106639; Au 2014; Fong 2012; Fong 2016; Hillier
2010; Hung 2010; Thornton 2016), five trials, which did not conceal
allocation appropriately to be at high risk of bias (Green 2008; Pless
2000b; Sugden 2003; Tsai 2009; Tsai 2012), and three trials to be
at unclear risk of bias because the authors did not respond to our
inquiries about allocation concealment (Miller 2001; Wilson 2002;
Wilson 2016).

Blinding

Performance bias

We considered all trials to be at high risk of performance
bias due to the nature of movement-based interventions
(ACTRN12614000106639; Au 2014; Fong 2012; Fong 2016; Green
2008; Hillier 2010; Hung 2010; Miller 2001; Pless 2000b; Sugden
2003; Thornton 2016; Tsai 2009; Tsai 2012; Wilson 2002; Wilson
2016). A movement-based intervention is obvious to participants
who are receiving it, and so the blinding of participants
is impossible. The blinding of personnel may be feasible if
participants with DCD are mixed with participants without DCD.

Detection bias

We considered 13 trials, which employed independent assessors,
to be at low risk of detection bias (ACTRN12614000106639; Au 2014;
Fong 2012; Fong 2016; Green 2008; Hillier 2010; Hung 2010; Miller
2001; Pless 2000b; Thornton 2016; Tsai 2009; Tsai 2012; Wilson
2002), and two trials, which used interventionists to conduct the
assessment, to be at high risk of detection bias (Sugden 2003;
Wilson 2016).

Incomplete outcome data

We considered attrition bias to be high in five trials as the attrition
rate was larger than 10% or the intervention period was extended to
complete the planned number of intervention sessions (Fong 2012;
Fong 2016; Hillier 2010; Miller 2001; Wilson 2016), and low (less than
10% attrition rate) in all remaining trials (ACTRN12614000106639;

Au 2014; Green 2008; Hung 2010; Pless 2000b; Sugden 2003;
Thornton 2016; Tsai 2009; Tsai 2012; Wilson 2002).

Selective reporting

There were protocols for three trials (Au 2014 (NCT01207544);
ACTRN12614000106639 (ACTRN12614000106639); and Fong 2016
(NCT02393404)). We compared the outcomes listed in the protocols
with those described in the Results section of the reports. For the
remaining studies, we compared outcomes listed in the Methods
section of the reports with those described in the Results section.
Eleven studies reported all outcomes listed in the Methods section,
and we assumed that the reports included all prespecified variables
(Fong 2012; Hillier 2010; Hung 2010; Miller 2001; Pless 2000b;
Sugden 2003; Thornton 2016; Tsai 2009; Tsai 2012; Wilson 2002;
Wilson 2016). One study did not report several secondary outcomes
listed in the Methods section (Green 2008), such as Matrix Analogies
Test and DCDQ, but the unreported outcomes were mentioned
adequately. Consequently, we judged all trials to be at low risk of
reporting bias.

Other potential sources of bias

We identified no other sources of bias and so judged all trials to
be at low risk of bias on this domain (ACTRN12614000106639; Au
2014; Fong 2012; Fong 2016; Green 2008; Hillier 2010; Hung 2010;
Miller 2001; Pless 2000b; Sugden 2003; Thornton 2016; Tsai 2009;
Tsai 2012; Wilson 2002; Wilson 2016).

E:ects of interventions

See: Summary of findings for the main comparison Task-
oriented interventions versus no intervention for children with
developmental co-ordination disorder (DCD)

We assessed all 15 trials for methodological quality and of these
included six trials in a meta-analysis (Green 2008; Hillier 2010; Pless
2000b; Tsai 2009; Tsai 2012; Wilson 2016). As the trial by Green
2008 was a cross-over trial, we used data from the first phase only,
treating it as an RCT with inactive control. We were unable to use the
remaining nine studies in a meta-analysis for the following reasons:
five had active controls (ACTRN12614000106639; Au 2014; Hung
2010; Miller 2001; Sugden 2003); one had no primary outcome data
(Fong 2012); and three reported no mean or standard deviations, or
both (Fong 2016; Thornton 2016; Wilson 2002). Only Thornton 2016
responded to our requests for information.

In the following, we present the results of meta-analyses performed
for one primary outcome: MABC total score. For a summary of key
results, see Summary of main results.

Comparison 1: task-oriented intervention versus no
intervention

Primary outcomes

We were able to combine data on MABC scores from six trials
(Green 2008; Hillier 2010; Pless 2000b; Tsai 2009; Tsai 2012; Wilson
2016). We presented the results of the random-eBects model only,
and tested the robustness of the results by conducting sensitivity
analysis with the fixed-eBect model.

A random-eBects meta-analysis of both RCTs and quasi-RCTs
suggested that task-oriented interventions significantly improved
motor co-ordination compared to no intervention (MD -3.63, 95%
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CI -5.88 to -1.39; P = 0.002; I2 = 43%, Tau2 = 3.24, 6 studies, 169
participants; Analysis 1.1). We downgraded the quality of evidence
from high to very low due to high risk of bias, including broken
randomisation, and imprecision (small number of participants).

Although the I2 was 43%, the directions of the eBects were

consistently positive, and the P value from the Chi2 test was not

significant, meaning high uncertainty for the I2 value. Therefore, we
did not downgrade for inconsistency. See Summary of findings for
the main comparison.

For a sensitivity analysis, we excluded four quasi-RCTs and
conducted a meta-analysis of the two RCTs only. The meta-analysis
of RCTs alone did not find in favour of task-oriented interventions
to significantly improve motor co-ordination compared to no

intervention (MD -2.34, 95% CI -7.50 to 2.83; P = 0.38; I2 = 42%,

Tau2 = 5.90; 2 trials, 51 participants; Analysis 1.1). We downgraded
the quality of evidence from high to low due to imprecision (small

number of participants). Although the I2 was 42%, the directions of

the eBects were consistently positive, and the P value from the Chi2

test was not significant, meaning high uncertainty for the I2 value.
Therefore, we did not downgrade for inconsistency. See Summary
of findings for the main comparison.

Secondary outcomes

The included studies assessed some secondary outcomes, such
as the MABC-C assessed in three studies (Pless 2000b; Sugden
2003; Wilson 2002), perceived competence assessed in two studies
(Hillier 2010; Miller 2001), and the COPM assessed in three studies
(Green 2008; Miller 2001; Thornton 2016). However, there was a
high level of methodological heterogeneity or insuBicient reporting
across these studies, or both, and therefore quantitative synthesis
could not be undertaken. For example, only Pless 2000b reported
MABC-C data in forms of medians and ranges, which yielded no
significant change aOer intervention. We did not perform a meta-
analysis on the data of perceived competence by Hillier 2010
and Miller 2001 because one study had an active control (Miller
2001) and the other had an inactive control group (Hillier 2010).
Miller 2001 found no intervention eBect on perceived competence
and Hillier 2010 reported no evidence of an eBect on perceived
physical competence in the intervention group as compared to the
inactive control group. With regard to the COPM, Thornton 2016
reported no mean or standard deviations. Miller 2001 reported
improved performance and satisfaction as a result of intervention,
but the diBerential intervention eBect between the CO-OP and

the contemporary treatment approach (CTA; defined as a variety
of approaches) was significant on satisfaction only. Green 2008
reported no data on the COPM. In summary, none of the secondary
outcomes detected significant improvement aOer the task-oriented
intervention.

Comparison 2: task-oriented intervention versus active control
intervention

Five trials employed active control interventions
(ACTRN12614000106639; Au 2014; Hung 2010; Miller 2001; Sugden
2003). Four studies used task-oriented intervention for active
controls but delivered in diBerent ways (CO-OP versus CTA in
Miller 2001; home versus school in Sugden 2003; individual
versus group in Hung 2010; school versus health clinic in
ACTRN12614000106639). Au 2014 used a task-oriented motor
programme as an active control for a core stability programme.
None of the 15 included studies employed a process-oriented
approach, to examine the relative eBect of task-oriented
intervention versus non-task-oriented intervention.

Subgroup and sensitivity analyses

There were insuBicient data to carry out our planned
subgroup analyses (see Subgroup analysis and investigation of
heterogeneity), or our planned sensitivity analyses to explore
the impact of study quality (Sensitivity analysis). See DiBerences
between protocol and review. Instead, we performed limited
sensitivity analyses by 1. using the fixed-eBect model for pooling;
2. comparing a combination of two RCTs (Green 2008; Hillier 2010)
and four quasi-RCTs (Pless 2000b; Tsai 2009; Tsai 2012; Wilson 2016)
versus RCTs only (i.e. excluding the quasi-RCTs).

The results were similar whether the eBect was analysed by
random-eBects model (Analysis 1.1) or by fixed-eBect model
(Analysis 2.1). As in the case of the analysis by random-eBects
model (Analysis 1.1; Figure 4), the fixed-eBect meta-analysis of
both RCTs and quasi-RCTs indicated that the intervention eBect
remained statistically significant (MD -4.06, 95% CI -5.63 to -2.50;

P < 0.001; I2 = 43%; 6 trials, 169 participants; Analysis 2.1; Figure
5). However, when the four quasi-RCTs were excluded, the fixed-
eBect meta-analysis indicated that the eBect of the task-oriented
intervention was not statistically significant (MD -2.11, 95% CI -6.00

to 1.78; P = 0.29; I2 = 42%; 2 trials, 51 participants; Analysis 2.1;
Figure 5), in keeping with the results of the random-eBects model
(Analysis 1.1; Figure 4).
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Figure 4.   Forest plot of comparison: 1 Random-e:ects model, outcome: 1.1 Movement Assessment Battery for
Children (MABC): Total score.

 
 

Figure 5.   Forest plot of comparison: 3 Fixed model, outcome: 2.1 Movement Assessment Battery for Children Total.

 
In summary, the intervention eBect from a combination of RCTs
and quasi-RCTs diBered from the intervention eBect from a group
of RCTs only in that the former eBect was statistically significant,
whereas the latter eBect was not significant.

D I S C U S S I O N

Summary of main results

The present systematic review included 15 studies (eight RCTs
and seven quasi RCTs) that assessed the eBectiveness of task-
oriented interventions for children with DCD. Of the 74 full-text
reports deemed potentially relevant for inclusion in this review,
we excluded 54 because they did not meet the selection criteria
of RCTs or quasi-RCTs, task-oriented interventions, or outcome
measures (i.e. use of movement performance or impairment-based
measures) (see Criteria for considering studies for this review). Of

the 15 studies included in the review, we were able to combine data
from six studies (two RCTs and four quasi-RCTs) in a meta-analysis
of the primary outcome: MABC scores. We found an eBect of four
points in favour of the task-oriented interventions on the MABC raw
score. This may represent a clinically significant diBerence.

We found similar results whether the eBects were computed using a
random-eBects model or a fixed-eBect model. When we conducted
the analysis using only the two RCTs, we detected little evidence
for a diBerence between task-oriented intervention and inactive
control, and the 95% CIs for the MD from both types of models were
very large. We judged the risk of bias to be moderate to high and the
quality of the evidence to be low to very low. Therefore, we are very
uncertain about the findings of this review.

The included studies reported the secondary outcomes of the
MABC-C, perceived competence, and the COPM. However, the small
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numbers of studies were reported in ways that did not allow a
quantitative synthesis. A narrative review detected no significant
eBect of task-oriented interventions on the MABC-C, perceived
competence, and the COPM.

Overall completeness and applicability of evidence

This review highlights two major issues regarding the overall
completeness and applicability of the evidence for the eBects of
task-oriented intervention for children with DCD:

1. the small number of included trials did not allow subgroup
analysis on age, sex, severity of DCD, intervention intensity, and
type of intervention; and

2. the small number of included trials reporting the secondary
outcome measures of psychosocial functions, activity, and
participation for children with DCD.

Taken together, the identified studies are not suBicient to
definitively address the objectives of the review. The implication
from the results of the review for current practice is that task-
oriented intervention may or may not improve motor skills more
than an inactive control, as assessed by the MABC. Although
there are intervention studies that report benefits for psychosocial
functions, activity, and participation, the quality of evidence is very
low.

The generalisability of these findings to adolescents and adults
with DCD and to non-research settings is limited because the
included studies recruited participants aged only between five and
12 years and task-oriented interventions were conducted mostly in
research settings.

Quality of the evidence

Using the GRADE approach (Schünemann 2011), we assessed the
quality of evidence from the RCTs only as low, because of high risk
of bias (including lack of blinding due to impossibility of blinding
participants) and imprecision (small number of participants), and
the evidence from the combination of two RCTs and four quasi-RCTs
as very low, because of high risk of bias (broken randomisation,
loss of blinding due to impossibility of blinding participants), and
imprecision (small number of participants). These ratings imply
a low degree of confidence and uncertainty in the intervention
eBects.

We also rated the quality of evidence for the measures of
psychosocial functions, occupational and task performance, and
participation as very low due to the floor eBect of the GRADE
approach (Schünemann 2011). In fact, the quality of evidence for
these outcomes was far more limited than that of the four quasi-
RCTs, in terms of higher risk of bias due to problems with the
research design (non-RCT) and imprecision (smaller number of
participants).

See Summary of findings for the main comparison.

Potential biases in the review process

To minimise bias, we developed a protocol for the review
(see Miyahara 2014), according to the guidelines in the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011c). We conducted extensive searches of relevant
databases and websites, and requested unpublished studies

from the International Conference on DCD. Two review authors
independently selected studies, extracted data, assessed the risk
of bias of each included trial using Cochrane's 'Risk of bias' tool
(Higgins 2011a), and graded the quality of the evidence using the
GRADE approach (Schünemann 2011).

Trial reporting was oOen minimal; we attempted to clarify points
that were unclear or absent, and obtain any missing, inconsistent
or incomplete data by contacting study authors. We excluded one
study, Fong 2016, from the meta-analysis as we were unable to
contact the author to obtain the necessary data.

One review author (SLH) was involved in two of the included
trials (ACTRN12614000106639; Hillier 2010). In order to reduce the
potential for bias, MM and SN reviewed these studies.

Agreements and disagreements with other studies or
reviews

Over the past 20 years, five systematic or meta-analytic reviews
(or both) that summarised intervention eBects for children with
DCD have been published (Hillier 2007; Miyahara 1996; Pless 2000a;
Preston 2016; Smits-Engelsman 2013). As described in the Why it is
important to do this review section, these reviews were limited in
several ways, including the year ranges covered and the outcome
variables analysed by the primary studies. Although our screening
process covered a wider range of years, only several intervention
studies met our methodological inclusion criteria of RCT and quasi-
RCT (see Criteria for considering studies for this review), and
the small number of studies with limited independent variables
(e.g. age, the environment of intervention, interventionist) were
insuBicient for us to conduct subgroup analyses or to test transfer
eBects between outcome variables.

The foregoing reviews have several shortcomings (Miyahara 2016b).
The most serious concerns are inclusion of non-randomised studies
in a meta-analysis (Miyahara 1996), and inclusion of a mixture
of non-randomised studies with RCTs in systematic reviews and
meta-analyses (Hillier 2010; Pless 2000a; Preston 2016; Smits-
Engelsman 2013). The present review agrees with the past reviews
in that primary intervention studies vary in their methodological
quality. What diBerentiates our review from the foregoing reviews
is that we excluded non-randomised studies, and searched all
years since inception of the databases. Meta-analysis performed
on biased primary studies cannot generate unbiased conclusions
(Chalmers 2001); the conclusions drawn from the previous reviews,
which unanimously reported beneficial eBects of intervention, are
inconsistent with ours.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The results of this review are necessarily limited, due to the small
numbers of participants in the small numbers of included studies
with low quality evidence, substantial clinical heterogeneity across
the studies, and a mixture of coherence and incoherence between
the outcomes and the interventions. When we analysed the eBect
of task-oriented interventions with a combination of high-quality
(i.e. RCT) and lower-quality (i.e. quasi-RCT) studies, the overall
intervention eBect was statistically significant (see Figure 4; Figure
5). We found no statistically significant beneficial eBect from the
two high-quality studies alone (see Figure 4; Figure 5). Taken
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together, there is some evidence in favour of the relative eBects of
task-oriented intervention versus inactive control, and no evidence
to inform on the relative eBects of task-oriented intervention versus
any other forms of intervention for children with DCD. We have very
little confidence in the eBect estimate: the true eBect is likely to
be substantially diBerent from the estimate of eBect. The decision
to use a task-oriented intervention may be further based on the
children's and their care providers' preferences and costs.

Implications for research

This review demonstrates a scarcity of high-quality RCTs that
have examined the eBectiveness of task-oriented interventions for
children with DCD, and reported suBicient data to allow meta-
analysis. Although practical diBiculties exist with double-blinding
and with ethical issues for an inactive control group, there are
ways to lower the risk of bias. Using as exemplars the studies
with lower risk of bias included in this review, researchers in the
field are encouraged to conduct well-designed and executed RCTs.
Future intervention studies also need to report their results fully,
in terms of group means and standard deviations, the number
of participants in clinical terms (probable and definite DCD),
socio-demographic data, ethnicity, setting of intervention, adverse

eBects, and number of withdrawals, which will allow meta-analysis
for both statistical and clinical significance. Finally, researchers
are encouraged to remain open and transparent by sharing study
information and data.
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Methods Single-blind RCT.

Participants Number screened: 1814.

Number included: 93.

Number followed up: 92.

Number of withdrawals: 1.

Diagnosis of DCD: DSM-IV-TR.

Presence and absence of comorbid conditions: children were excluded if they had global developmen-
tal delay, an intellectual disability or other medical condition that is known to cause motor impair-
ment.

Regarding participants completing the study

Age: in school with a school assistant (mean 6 years 3 months, SD 11 months), in school with a phys-
iotherapist (mean 6 years 7 months, SD 11 months), in a clinic with a physiotherapist (mean 6 years 1
months, SD 13 months).

Sex: in school with a school assistant (25 boys, 12 girls), in school with a physiotherapist (23 boys, 7
girls), in a clinic with a physiotherapist (18 boys, 8 girls).

Ethnicity: majority were white.*

Country: Australia.

Setting: school and clinic.

Sociodemographics: a mixture of ranks for the School Index for Disadvantage in each mode which is
based on socioeconomic status.

Inclusion criteria

1. Aged 5 to 9 years.

2. Parental concerns in the DCDQ.

Exclusion criteria

1. Other medical conditions.

Interventions Intervention: in school with a school assistant vs in school with a physiotherapist vs in a clinic with a
physiotherapist.

Intervention schedule: 45 min/wk.

Duration of intervention: 8 wk.

Mode of delivery: face-to-face small group (4 to 6 children).

Intervention material: all groups used predominantly task-oriented therapy consisting of age-appro-
priate activities and the principles of skill mastery. The intervention used meta-themes (repetition of
skills, heightened feedback about performance and experience at success). The warm-up activities for
each session addressed issues, such as strength, motor planning, and proprioception that are more
consistent with the perceptual-motor approach to intervention.

Intervention procedure: warm-up activities followed by functional activities. Each session had a
theme (e.g. going to the beach, on the farm).

Intervention provider: physiotherapist with paediatric experience (2 to 6 years) or school assistant
with 3 hr DCD/intervention training and previous experience running gross motor groups, supervised
by a physiotherapist.
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Place of intervention: school or outpatient clinic.

Intervention compliance: overall attendance rates for participants at intervention sessions were 92%
for group 1 (school/school assistant), 93% group 2 (school/physiotherapist) and 88% group 3 (clin-
ic/physiotherapist).

Outcomes Primary

1. MABC test.

2. TGMD-2.

Secondary

1. Pictorial Scale of Perceived Competence and Social Acceptance.

2. School Function Assessment.

Adverse effects or events: none recorded.*

Notes Study start date: 14 July 2006 - actual date of first participant enrolment.

Study completion date: 5 March 2007 - actual date last participant enrolled.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

a. specific age group of children with DCD (5 to 9 years);

b. public schools in southern metropolitan Adelaide, South Australia;

c. school and clinic environments are not the only possible environments for intervention to take
place and others could be considered such as sporting clubs or gyms;

d. other personnel could also be considered including teachers or family;

e. participation was not able to be analysed due to a poor response rate by teachers.

Key conclusions of study authors

Group intervention programmes for DCD can be run by either a health professional or school assistant
(supported by physiotherapist) in either the school or clinic environment and provide successful out-
comes.

Comment from review authors

Active control only.

* Email correspondence with study authors: February 2016. We contacted the first study author and ob-
tained raw data and supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation generated from a computer random numbers table.

Allocation concealment
(selection bias)

Low risk Allocated by a third party independent of the study and stratified according to
school socioeconomic status.

ACTRN12614000106639  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Impossible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessor blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 1 dropped out (moved overseas).

Selective reporting (re-
porting bias)

Low risk Protocol identified (ACTRN12614000106639).

Other bias Low risk Funding: authors acknowledged the Volunteer Service for Flinders Medical
Centre Inc. for funding some equipment in this study.

Conflicts of interest: study authors, who worked for School of Health Sciences
and School of Exercise and Health Sciences at universities, indicated no con-
flicts of interest.

ACTRN12614000106639  (Continued)

 
 

Methods Single-blind RCT.

Participants Number screened: 26.

Number included: 22.

Number followed up: 20.

Number of withdrawals: 2.

Diagnosis of DCD: DSM-IV and MABC test < 15th percentile or BOTMP < 1.5 SD.

Presence and absence of comorbid conditions: children were excluded if they had major comorbid
medical problems, such as moderate-to-severe mental disability, profound visual or hearing impair-
ment, or any major behavioural problems. 3 children had attention deficit hyperactive disorder and 4
children had dyslexia. However, there was no significant difference in the numbers allocated to each
group.

Regarding participants completing the study

Age: 6 to 12 years.

Sex: 15 boys, 7 girls.

Ethnicity: no information.

Country: China.

Setting: outpatient unit in a hospital.

Sociodemographics: no information.

Inclusion criteria

1. Diagnosis of DCD according to DSM-IV.

Au 2014 
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2. MABC test < 15th percentile or BOTMP < 1.5 SD.

3. Aged 6 to 12 years.

Exclusion criteria

1. Treatment for motor problems in the previous 6 months.

2. Major comorbid medical problems.

Interventions Comparison: core stability programme vs task-oriented motor programme (active control).

Intervention schedule: 1 hr once/wk.

Duration of intervention: 8 wk.

Mode of delivery: face-to-face individual or group (not explicitly stated) sessions with daily home pro-
gramme.

Intervention material:

Core stability programme: physio ball. Core stability exercises (supine, prone, sitting, and standing po-
sitions with instructions to focus on co-contracting the abdominal and back muscles to maintain the
spine in a neutral position.

Task-oriented motor programme: focus on training functional tasks, which included those that involved
mainly body stability (e.g. standing) and those that required body transport (e.g. walking, running,
jumping, hopping, skipping, and galloping).

Intervention procedure: both groups commenced and ended with 5-min warm-up and cool-down in-
volving stretching. Both groups increased over time the complexity of the tasks, number of repetitions,
and duration of each exercise/activity and reduced the level of assistance or guidance.

Intervention provider: physiotherapist (10 years' paediatric experience).

Place of intervention: paediatric physiotherapy outpatient unit, local hospital.

Compliance: attendance rate not significantly different between groups (mean (± SD): core stability 6.2
(± 1.2) sessions; task-oriented 6.8 (± 1.0) sessions). Compliance with the home exercise programme was
also not significantly different between groups (mean (± SD): core stability 2.9 (± 2.2) days/wk and task-
oriented 1.8 (± 0.6) days/wk).

Outcomes Primary

1. BOTMP Second Edition (BOT-2).

Secondary

1. SOT.

Adverse effects or events: no information.

Measures of participation: no information.

Notes Study start date: April 2010.

Study completion date: December 2011.

Sample calculation: yes.

Ethics approval: yes, from the ethics committee of the local University and the Institutional Review
Board of the local hospital.

Comments from study authors

Limitations:

Au 2014  (Continued)
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a. use of BOT-2 short form;

b. use of SOT for postural control;

c. no participation measure;

d. small sample size, short-term intervention.

Key conclusions of study authors

The core stability exercise program is as effective as task-oriented training in improving motor profi-
ciency among children with DCD.

Comment from review authors

Email correspondence with study authors: April and May 2016. We wrote to the authors twice to request
supplementary information on data but received no reply.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Drawing lots.

Allocation concealment
(selection bias)

Low risk Sealed opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Impossible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinded to group assignment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1 withdrawal from each group for not being able to commit the time.

Selective reporting (re-
porting bias)

Low risk Protocol identified (ClinicalTrials.gov; NCT01207544).

Other bias Low risk Funding: research not funded by any specific grant from funding agency.

Conflicts of interest: study authors, who worked for Physiotherapy Depart-
ments of hospitals and Department of Rehabilitation Sciences at Polytechnic
University, indicated no conflicts of interest.

Au 2014  (Continued)

 
 

Methods Single-blind quasi-RCT.

Participants Number screened: 91.

Number included: 62 (44 children with DCD who were randomised + 18 children in non-DCD control
group).

Number followed up: 39 (29 children with DCD, 10 children in non-DCD control group).

Fong 2012 
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Number of withdrawals: 23 (15 children with DCD, 8 children in non-DCD control group).

Diagnosis of DCD: DSM-IV-TR.

Presence and absence of comorbid conditions: relevant comorbid conditions were excluded (e.g. a for-
mal diagnosis of emotional, neurological, or other movement disorders; significant congenital, muscu-
loskeletal, or cardiopulmonary condition; excessive disruptive behaviour).

Regarding participants completing the study

Age (mean ± SD): DCD-TKD group: 7.7 ± 1.3 years; DCD inactive control: 7.4 ± 1.2 years; non-DCD control:
7.2 ± 1.0 years.

Sex: DCD-TKD group: 17 boys, 4 girls; DCD inactive control: 18 boys, 5 girls; non-DCD control: 14 boys, 4
girls.

Ethnicity: no information.

Country: China.

Setting: child assessment centres, hospitals, and community.

Sociodemographics: no information.

Inclusion criteria

1. Formal diagnosis of DCD.

2. Aged 6 to 9 years.

3. In regular education system.

4. No intellectual disability.

Exclusion criteria

1. Formal diagnosis of emotional, neurological, or other movement disorders.

2. Significant congenital, musculoskeletal, or cardiopulmonary condition that affected balance.

3. Former physical or occupational therapy treatment.

4. Excessive disruptive behaviour.

5. Inability to follow instructions thoroughly.

Interventions Comparison: DCD TKD training vs DCD inactive control vs non-DCD control.

Intervention schedule: 1 hr/wk.

Duration of intervention: 12 wk.

Mode of intervention delivery: face-to-face group sessions plus home exercises from face-to-face ses-
sions.

Intervention material: log books.

Intervention procedure: based on typical TKD syllabus; protocol outlined in report.

Intervention provider: syllabus modified by experienced physiotherapist and skilled TKD practitioner,
sessions conducted by World TKD Federation 4th and 2nd dan black belt instructors.

Place of Intervention: Hong Kong Polytechnic University.

Intervention compliance: checked by daily log books of participants and parents.

Outcomes Primary

1. None. MABC-2 test used only to rule out DCD from non-DCD control group.

Secondary

Fong 2012  (Continued)
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1. Sensory organisation of balance control.

2. Single leg standing balance.

Adverse effects or events: no information.

Measures of participation: no information.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

a. high attrition rate;

b. duration of intervention;

c. absence of follow-up assessment.

Key conclusions of study authors: TKD training can remedy unilateral standing balance and vestibu-
lar function impairments in children with DCD.

Comment from review authors

Effect of TKD training on DCD is unknown because primary outcome of DCD was not assessed.

Email correspondence with study authors: February 2016. We wrote to the authors twice to request
supplementary information on data but received no reply.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation via drawing lots.

Allocation concealment
(selection bias)

Low risk Independent to study.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Independent to study.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Reasons for dropout accounted for, but 37% dropout rate was too high.

Selective reporting (re-
porting bias)

Low risk Unable to get study protocol. MABC-2 not used for diagnosis, but for exclusion
of control children.

Other bias Low risk Funding: research not funded by any specific grant from funding agency.

Fong 2012  (Continued)
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Conflicts of interest: study authors, who were affiliated with Department of Re-
habilitation Sciences, indicated no conflicts of interest.
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Methods Single-blind RCT.

Participants Number screened: 178.

Number included: 108.

Number followed up: 88.

Number of withdrawals: 20.

Diagnosis of DCD: DSM IV and MABC test < 5th percentile or BOTMP gross motor composite score ≤ 42.

Presence and absence of comorbid conditions: the following comorbid conditions were identified
in the participants: attention deficit hyperactivity disorder: intervention 10 (21.3%) and control 10
(24.4%), dyslexia: intervention 5 (10.6%) and control 7 (17.1%), and suspected autism-spectrum disor-
der: intervention 12 (25.5%) and control 13 (31.7%). Children were excluded with a diagnosis of emo-
tional, neurological, or other movement disorders; significant congenital, musculoskeletal, cardiopul-
monary, or sensorimotor disorders capable of affecting balance performance; disruptive behaviour; or
an inability to follow instructions accurately.

Regarding participants completing the study

Age: 6 to 10 years.

Sex: 61 boys, 27 girls.

Ethnicity: no information.

Country: China.

Setting: university laboratory.

Sociodemographics: no information.

Inclusion criteria

1. Diagnosis of DCD according to DSM-IV.

2. MABC test < 5th percentile or BOTMP gross motor composite score ≤ 42.

3. DCDQ < 46 (5 to 7 years), < 55 (8 to 9 years), < 57 (10 to 16 years).

4. Aged 6 to 10 years.

5. Attendance at a mainstream school.

Exclusion criteria

1. Diagnosis of emotional, neurological, or other movement disorders (comorbid attention deficit hyper-
activity disorder, attention deficit disorder, dyslexia, and suspected autism spectrum disorder were
acceptable).

2. Significant congenital, musculoskeletal, cardiopulmonary, or sensorimotor disorders capable of af-
fecting balance performance.

3. Receipt of active treatment, such as alternative medicine.

Disruptive behaviour or an inability to follow instructions accurately.

Interventions Comparison: task-specific balance training (functional movement training) vs inactive control.

Intervention schedule: 1.5 hr 2/wk.

Fong 2016 
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Duration of intervention: 12 wk.

Mode of delivery: face-to-face (?) individual/group.

Intervention material: NeuroTrac MyoPlus 4 machine; Stability Trainer; balance board; peg board and
tennis ball.

Intervention procedure: specific balance training with electromyographic feedback. Schedule: 2-
leg balance on foam with electromyographic biofeedback (10 min); 1 leg balance on ground (alternat-
ing feet) (5 min); walking in a straight line with heels raised (5 min); double leg hops (5 min); ball bal-
ance while walking (5 min). Schedule practised repeatedly during 1.5-hr session and challenge was in-
creased over duration of the intervention. Verbal feedback at end of each training session.

Intervention provider: trained research assistant with sports coaching qualification (supervised by a
physiotherapist).

Place of intervention: University of Hong Kong Health and Physical Activity Laboratory.

Intervention compliance: no information.

Outcomes Primary

1. SOT.

Secondary

1. MABC.

Adverse effects or events: no major adverse events. During training, transient muscle soreness (2 chil-
dren) and non-injurious fall (1 child) reported in the journal article.

Measures of participation: no information.

Notes Study start date: March 2014 given as start date in protocol.

Study completion date: March 2017 given as estimated study completion date in protocol.

Sample calculation: yes.

Ethics approval: yes from the Human Research Ethics Committee of the University of Hong Kong.

Comments from study authors

Limitations:

a. participants were not blind to the group assignment;

b. generalisability of task-specific training;

c. vestibular sense cannot be eliminated in SOT;

d. follow-up at 6 months.

Key conclusions of study authors

Task-specific balance training marginally improved the somatosensory function and somewhat im-
proved the functional balance performance of children with DCD. However, it did not improve vestibu-
lar and visual contributions to postural control in this group of children.

Comment from review authors

Email correspondence with study authors: May 2016 and May 2017. We wrote to the authors twice to re-
quest supplementary information on data but received no reply.

Risk of bias

Fong 2016  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random number table.

Allocation concealment
(selection bias)

Low risk Sealed opaque envelope.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Impossible to blind participants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Testers were blind to the group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk All reasons reported, but 18.5% was too high.

Selective reporting (re-
porting bias)

Low risk Protocol identified (ClinicalTrials.gov; NCT02393404).

Other bias Low risk Funding: research funded by the Research Grants Council (RGC) of Hong Kong
(27100614) and the University of Hong Kong Merit Award for projects funded
by the RGC's General Research Fund/Early Career Scheme.

Conflicts of interest: study authors, who were affiliated with Institute of Hu-
man Performance, Department of Rehabilitation Sciences, School of Science
and Health (Occupational Therapy), Health, Physical Education and Recre-
ation Department, and Department of Physical Education of universities, indi-
cated no conflicts of financial interest.

Fong 2016  (Continued)

 
 

Methods Unblinded RCT with 4 groups.

Participants Number screened: 78.

Number included: 43.

Number followed up: 43.

Number of withdrawals: 0.

Diagnosis of DCD: DSM IV.

Presence and absence of comorbid conditions: children excluded if they had a severe learning difficulty
or neuromotor or significant medical problem.

Regarding participants completing the study

Age: mean 97.7 months, range 62 to 128 months.

Sex: 37 boys and 6 girls.

Ethnicity: data collected but not analysed.*

Green 2008 
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Country: UK.

Setting: community adult education centre/leisure centre.

Sociodemographics: mean socioeconomic status -0.55, range from -5 to 7.

Inclusion criteria

1. Diagnosis of DCD.

2. Intact verbal cognitive capability.

3. MABC test ≤ 15 percentile.

Exclusion criteria

1. Severe learning difficulty.

2. Neuromotor problem.

3. Significant medical problem.

Interventions Comparison: CO-OP intervention (group 1) vs inactive control (group 2) vs inactive control (group 3) vs
inactive control (group 4).

Phases: each of the 4 groups received the intervention once during 1 of the 4 phases.

Intervention schedule: 1 hr/wk.

Duration of intervention: 20 wk.

Mode of delivery: face-to-face group sessions.

Intervention material: global strategy (GPDC) and strategies specific to the child and activity.

Intervention procedure: introduction of the global cognitive strategy, practise and implementation of
domain-specific strategies, consolidation strategies, and consolidation.

Intervention provider: senior therapist and a junior assistant therapist trained in the CO-OP approach.

Place of intervention: local adult education centre.

Intervention compliance: all participants attended > 50%, a majority attended 16 sessions out of 20.

Outcomes Primary

1. MABC test.

2. Developmental Test of Visual-Motor Integration.

3. BOTMP subtests (undertaken but not reported

Secondary

1. Clinical Observations of Motor and Postural Skills.

2. Other assessments and questionnaires undertaken but not reported:
a. Coordination Skills Questionnaire;

b. DCDQ;

c. Strengths and Difficulties Questionnaire;

d. Profile of Neuropsychiatric Symptoms;

e. Gesture Test.

f. Undertook a measure reporting on goal attainment/COPM but this is not participation per se.*

Adverse effects or events: none recorded.*

Notes Study start date: not available.

Study completion date: not available.

Green 2008  (Continued)
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Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitation:

a. small number.

Key conclusions of study authors

Children with severe DCD were likely to have continuing difficulties despite progress following inter-
vention.

Comment from review authors

Only the data from the first phase were used for meta-analysis.

* Email correspondence with study authors: June 2015, January 2016 and February 2016. We contacted
the first study author several times and obtained raw data for meta-analysis and supplementary infor-
mation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Stratified randomisation into treatment groups of 6 children done according
to age bands (6 to 8 years and 9 to 10.8 years) using the random sample selec-
tion function of the Statistical Package for Social Sciences (SPSS Inc., 1999).

Allocation concealment
(selection bias)

High risk High as the author knew the allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk High as the author stated single blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Testers, who recorded scores, were blinded to each child's intervention group
status.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All accounted for.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All primary outcomes and 1 secondary outcome report-
ed.

Other bias Low risk Funding: no information available.

Conflicts of interest: no information available.

Baseline imbalance.

Green 2008  (Continued)
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Participants Number screened: 47.

Number included: 13.

Number followed up: 12.

Number of withdrawals: 1.

Diagnosis of DCD: DSM-IV.

Presence and absence of comorbid conditions: children were excluded if they had comorbid conditions
that may have impacted on the tests or intervention.

Regarding participants completing the study

Age: aquatic physiotherapy: median 7 years 3 months, range 5 years 8 months to 8 years; control group:
median 6 years 10 months, range 5 years 5 months to 8 years 9 months.

Sex: 5 boys and 1 girl in both groups.

Ethnicity: white.

Country: Australia.

Setting: hospital-based hydrotherapy pool.

Sociodemographics: no information.

Inclusion criteria

1. Referral to the Minimal Motor Disorder Unit of the Women's and Children's Hospital with suspected
DCD (had significant problems that affected activities related to home or school (or both) life).

2. Aged 5 to 8 years.

3. MABC test ≤ 15 percentile.

4. No diagnosis with intellectual disability.

5. Capability to attend assessments and interventions.

Exclusion criteria

1. Currently or recently (last 6 months) attended swimming lessons.

2. swimming pool at home or were frequently using a pool.

3. Displayed evidence of comorbidities (including intellectual disabilities, neurological disorders (evi-
denced by impairments, such as hyper-reflexia, hypertonia, paraesthesia, central weakness), or lower
limb musculoskeletal problems that would affect motor skills).

4. Hydrophobia or other hydrotherapy contraindication.

Interventions Comparison: aquatic physiotherapy vs inactive control.

Intervention schedule: 30 min/wk for 6 sessions.

Duration of intervention: 6 to 12 wk.

Mode of delivery: face-to-face 1:1 sessions.

Intervention material: indoor pool, various equipment items for pool use.

Intervention procedure: graded task-specific training (ball skills, standing balance, and walking/run-
ning) with feedback in multi-sensory pool environment. A full manual of potential exercises and pro-
gressions was produced and each child's individual programme was selected from this template.

Intervention provider: physiotherapist with experience in aquatic therapy.

Place of Intervention: hospital hydrotherapy pool.
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Compliance: yes, by attendance.*

Outcomes Primary

1. MABC test.

Secondary

1. Pictorial Scale of Perceived Competence and Social Acceptance.

2. Questionnaire on parent's perception of changes in their child's participation.

Adverse effects or events: none recorded.*

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

a. small sample size;

b. potential confounding variables;

c. a sample of convenience;

d. extended duration from the planned 6 wk.

Key conclusions of study authors

Aquatic therapy was a feasible intervention for children with DCD and may be effective in improving
their gross motor skills.

Comment from review authors

Task-specific training was integrated.

* Email correspondence with study authors: February 2016. We contacted the first study author several
times and obtained supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation process completed by a person independent to the study, us-
ing a computer program, which randomly allocated intervention or control to
each participant.

Allocation concealment
(selection bias)

Low risk Concealed envelope method.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Outcome group: all participants knew the group affiliation.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk An assessor blinded to participant group conducted all assessments.
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk 1 child withdrew and the scheduled 6 sessions took 12 wk.

Selective reporting (re-
porting bias)

Low risk All reported.

Other bias Low risk Funding: no information available.

Conflicts of interest: study authors, who worked for Centre for Allied Health Ev-
idence and the School of Health Sciences of a university and a senior clinician
at a hospital, indicated no conflicts of interest.

Small numbers.

Hillier 2010  (Continued)

 
 

Methods Single-blind RCT.

Participants Number screened: not reported.

Number included: 23.

Number followed up: 23.

Number of withdrawals: 0.

Diagnosis of DCD: DSM-IV-TR.

Presence and absence of comorbid conditions: children were excluded if they had disruptive behaviour
or sensory issues (visual or hearing). other comorbidities not reported.

Regarding participants completing the study

Age (mean ± SD): group-based motor skill training (8 years 4 months ± 1 year 2 months), individ-
ual-based motor skill training (7 years 8 months ± 1 year 2 months).

Sex: group-based motor skill training (10 boys, 2 girls), individual-based motor skill training (9 boys, 2
girls).

Ethnicity: no information.

Country: China.

Setting: Pediatric Physiotherapy Outpatient Department of Kowloon Hospital.

Sociodemographics: urban residents of Kaohsiung.*

Inclusion criteria

1. Aged 6 to 10 years.

2. BOTMP gross motor composite score < 42.

3. Motor difficulties that significantly interfere with academic performance or activities of daily living.

4. Motor difficulties that cannot be explained by any medical or neurological disorders.

5. Intelligence level within the normal range.

Exclusion criteria

1. No current or prior physiotherapy or occupational therapy.

2. Profound visual or hearing deficiencies that could not be corrected by external devices.
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3. Excessive disruptive behaviour.

4. MABC test > 15th percentile.

Interventions Comparison: group-based motor skill training vs individual-based motor skill training.

Intervention schedule: 45 min/wk.

Duration of intervention: 8 wk.

Mode of delivery: face-to-face individual (1:1) versus group (4:1 to 6:1) training plus home exercises to
reinforce the session.

Intervention material: trampoline, rope, obstacles, balance beam, uneven surfaces, therapy ball,
balls, beanbags.

Intervention procedure: motor training sessions in either group had same structure and components
(agility and balance, core stability, bilateral co-ordination, eye-hand and eye-foot co-ordination).

Intervention provider: therapist.

Place of intervention: Pediatric Physiotherapy Outpatient Department of Kowloon Hospital.

Intervention compliance: 100% attendance, home exercise compliance using a logbook.

Outcomes Primary

1. MABC test.

Secondary

1. Parental satisfaction questionnaire.

Adverse effects or events: none.

Measures of participation: no information.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

a. small sample size;

b. no measure of activity participation;

c. no inactive control.

Key conclusions of study authors

Group-based training and individual-based training had a similar effect on motor performance. Group-
based training may be more cost-effective than individual-based training.

Comment from review authors

Active control only.

Email correspondence with study authors: February 2014 and February 2016. We wrote to the authors
and obtained raw data in 2014. In 2016, we wrote to the authors twice to request supplementary infor-
mation on data, but received no reply.
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Concealed envelope.

Allocation concealment
(selection bias)

Low risk Independent to study.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Single-blind, as double-blind was impossible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded to group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All completed and reported.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by Hong Kong Polytechnic University.

Conflicts of interest: no information available.

Small numbers.

Hung 2010  (Continued)

 
 

Methods Single-blind RCT.

Participants Number screened: 29.

Number included: 20.

Number followed up: 20.

Number of withdrawals: 2 from treatment, 1 did not complete all testing.

Diagnosis of DCD: by a physician.

Presence and absence of comorbid conditions: excluded children with medical diagnosis of a specific
neurological disorder or a physical or sensory deficit causing the motor problem.

Regarding participants completing the study

Age (mean ± SD): CO-OP: 8.90 ± 1.52 years (range 7 to 12 years), CTA: 9.20 ± 0.92 years (range 7 to 12
years).

Sex: 14 boys, 6 girls.

Ethnicity: no information.

Country: Canada.
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Setting: Cloverleaf Research and Treatment Clinic in School of Occupational Therapy at University of
Western Ontario.

Sociodemographics: no information.

Inclusion criteria

1. Aged 7 years 0 month to 12 years 11 months.

2. Clinical identification of movement problems or DCD diagnosis.

3. Normal intelligence quotient ≥ 85 on at least 1 of the overall or performance scales of Kaufman Brief
Intelligence Test.

4. Normal or corrected to normal hearing and vision.

5. Child and parental consent and agreement to participant.

Exclusion criteria

1. Previous or present exposure to a cognitive-based treatment for motor problems.

2. Medical diagnosis of a specific neurological disorder or a physical or sensory deficit causing the motor
problem.

Interventions Comparison: CO-OP vs CTA.

Intervention schedule: 50 min for 10 sessions, no frequency information.

Duration of intervention: no information.

Mode of delivery: face-to-face individual sessions.

Intervention material: CO-OP: GPDC strategy and its application to target tasks; CTA: target tasks
practise under skill direction and corrections.

Intervention procedure: CO-OP: self-talk and problem-solving strategies are used to solve motor
problems and applied to new situations; CTA: children were instructed in the performance of the task
and the therapist actively provided skill direction and corrective instructions for problematic motor
components.

Intervention provider: 1 therapist experienced in the administration of CO-OP and 2 therapists experi-
enced in the administration of CTA.

Place of intervention: Cloverleaf Research and Treatment Clinic in School of Occupational Therapy at
University of Western Ontario.

Intervention compliance: monitored by investigators. 1 mid-point treatment session was video-taped
to check adherence of treatment protocol.

Outcomes Primary

1. BOTMP.

2. Development Test of Visual-Motor Integration - Revised.

Secondary

1. Canadian Occupation Performance Measure.

2. Performance Quality Rating Scale.

3. Vineland Adaptive Behaviour Scales.

4. Self-Perception Profile for Children.

Adverse effects or events: no adverse effect.*

Measures of participation: not reported.

Notes Study start date: not available.
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Study completion date: not available.

Sample calculation: to be conducted based on the pilot study.

Ethics approval: no information.

Comments from study authors

Limitations:

a. small number;

b. no inactive control;

c. internal validity:
i. difficult to evaluate self-talk, global strategy, and guided discovery process in CO-OP;

ii. confounding of verbal ability.

Key conclusions of study authors

CO-OP more effective than CTA.

Comment from review authors

A high dropout rate (> 10%) with no explanation as to reasons and group affiliations.

* Email correspondence with study authors: May 2016. We wrote to the study authors twice to request
supplementary information on data and obtained supplementary information.

Follow-up data obtained for 8 participants in CO-OP group and 7 in CTA group. Follow-up intervals var-
ied from 7.5 months to 13 months. No inactive control group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk System of random envelopes.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Impossible to blind participants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 3 independent assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 3 dropouts from intervention, 1 did not complete all required testing.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by a research grant from the Hospital for Sick Chil-
dren Foundation Toronto, Ontario.

Conflicts of interest: no information available.
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Small numbers.
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Methods Single-blind, quasi-RCT.

Participants Number screened: 100.

Number included: 37.

Number followed up: 37.

Number of withdrawals: 0.

Diagnosis of DCD: DSM IV and MABC test < 15th percentile.

Presence and absence of comorbid conditions: children with a neurological or behavioural disorder
were excluded.

Regarding participants completing the study

Age: 5 to 6 years.

Sex: 26 boys, 11 girls.

Ethnicity: no information.

Country: Sweden.

Setting: 3 different centres in Uppsala Primary Health Care and a room at the University hospital.

Sociodemographics: no information.

Inclusion criteria

1. Aged 5 to 6 years.

2. MABC test < 15th percentile.

3. Failure in ≥ 2 of the items of the Motor Screening Test.

4. Absence of mental retardation.

Exclusion criteria

None stated.

Interventions Comparison: motor skill intervention vs inactive control.

Intervention schedule: 45-min session/wk for 10 wk, no information on the length of each session.

Duration of intervention: 6 months.

Mode of delivery: face-to-face group sessions.

Intervention material: wall bars, a horizontal bar, a box horse, carpets, flying rings, skipping ropes,
balls in an obstacle course.

Intervention procedure: children practised on gymnastic apparatus in an obstacle course. At the end
of a session they played a game together.

Intervention provider: physical educator.

Place of intervention: gymnastic hall at a school.

Pless 2000b 
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Intervention compliance: physical educator in the group motor skill intervention noted on a score
sheet at each session whether the child had attended the session and to what degree each child had
participated in the activities during the session (we used a simple scale stating 0 = did not participate
in the activities, 1 = participated in < 10% of the activities, 2 = partly participated in 10% to 100% of the
session, 3 = participated in all the activities). The sessions were very popular and since the number of
children were few in the group and the parents also attended and helped all children who were rated as
3 in all sessions.*

Outcomes Primary

1. MABC test.

Secondary

1. MABC checklist.

2. Questionnaire-physical activity.

Adverse effects or events: none.*

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: no.

Ethics approval: yes, from the Ethics Committee of the Faculty of Medicine at the University of Uppsala
(No 219/95).*

Comments from study authors

Limitation:

a. small number.

Key conclusions of study authors

Group motor skill intervention may have positive effects in children with DCD with borderline motor
difficulties. For children with definite motor difficulties, more specific and individualised intervention is
required in a 1-to-1 setting.

Comment from review authors

A 4-month follow-up assessment was initially planned but cancelled.

* Email correspondence with study authors: January 2016. We wrote to the first author, who provided
supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk First boy and first girl randomised to either group and then allocated in turn to
other group.

Allocation concealment
(selection bias)

High risk Not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not stated and also not possible.

Pless 2000b  (Continued)

Task-oriented interventions for children with developmental co-ordination disorder (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk MABC motor test carried out by an independent rater (MP); the first author
(MP) assessed the children before any intervention, and again after 6 months.
In response to our inquiry, the author wrote: "I did not know at any time
whether they were attending the Group Motor Skill Intervention or not."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Attrition rates not stated.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research partly funded by Uppsala University, the Vårdal Foundation
in Stockholm, and the Gillberg Foundation in Uppsala, all in Sweden.

Conflicts of interest: no information available.

Noted small numbers and slight imbalance. Only 6-month follow-up assess-
ment was analysed because most of the children in the intervention group had
not finished the 10-wk intervention.

Pless 2000b  (Continued)

 
 

Methods Unblind RCT.

Participants Number screened: 41.*

Number included: 31.

Number followed up: 31.

Number of withdrawals: 0.

Diagnosis of DCD: DSM-IV.

Presence and absence of comorbid conditions: no child had a generic learning difficulty or a medical
condition such as cerebral palsy.

Regarding participants completing the study

Age (mean ± SD): 8.04 ± 0.7 years (range 7.01 to 9.06 years).

Sex: 22 boys and 9 girls.

Ethnicity: all white.*

Country: UK.

Setting: home and school.

Sociodemographics: mixture of inner city and rural schools. Mixed socioeconomic status.*

Inclusion criteria

1. Movement difficulties identified by special educational needs co-ordinators and class teachers.

2. MABC test < 15th percentile.

Exclusion criteria

1. Learning difficulty or any neurological disorder, such as cerebral palsy.*

Sugden 2003 
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2. Formally recognised developmental disorder such as autism spectrum disorders or dyslexia or atten-
tion deficit hyperactivity disorder.*

Interventions Intervention: parent intervention vs teacher intervention.

Intervention schedule: frequency school (1 to 5 times/wk), home (2 to 7 times/wk).

Duration of intervention: 7 wk.

Mode of delivery: teachers and parents delivered intervention under the weekly guidance of the re-
searcher.

Intervention material: functional tasks in settings which are as near as possible to everyday life, such
as handwriting.

Intervention procedure: profile of the child prepared, priorities identified which were then translated
into weekly practises parents and teachers could use.

Intervention provider: teachers and parents.

Place of intervention: school and home.

Intervention compliance: monitored by a questionnaire and informal contact. Teachers kept a
record.*

Outcomes Primary

1. MABC test.

Secondary

1. MABC checklist.

Adverse effects or events: none reported.*

Measures of participation: not reported.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: no.*

Ethics approval: yes.

Comments from study authors

Limitations:

1. MABC used for assessment and identification without any clinical assessment;

2. little control over how teachers and parents implemented activities.*

Key conclusions of study authors

Both teachers and parents provided effective intervention for children with DCD.

Comment from review authors

Cross-over design, but the first phase could be considered an RCT with active control.

* Email correspondence with study authors: April and May 2014 and January and February 2016. We
contacted the first study author several times and obtained supplementary information.

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Drawing lots 1 or 2.*

Allocation concealment
(selection bias)

High risk Not attempted.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not attempted and not possible.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Assessor knew children received parent intervention or parent intervention.*

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition from intervention.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by a medical/health based charity.

Conflict of interest: no information available.

Carry-over effect in cross-over trials, but only the first phase considered.

Sugden 2003  (Continued)

 
 

Methods Blocked RCT in an unblinded trial.

Participants Number screened: not stated.

Number included: 20.

Number followed up: 20.

Number of withdrawals: no information.

Diagnosis of DCD: no information.

Presence and absence of comorbid conditions: no information.

Regarding participants completing the study

Age: 8 to 10 years.

Sex: All boys.

Ethnicity: no information.

Country: Australia.

Setting: no information.

Sociodemographics: no information.
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Inclusion criteria

1. Right-handed males.

2. DSM-IV criteria of DCD: Criterion A was based on MABC-2; Criteria B to D were based on parental report.

3. A minimum of two fine motor related goals.

Exclusion criteria

1. no information.

Interventions Comparison: CO-OP intervention vs inactive control.

Intervention schedule: 60 min at 1/wk for 10 wk plus 15 min/day home activities.

Duration of intervention: 10 wk.

Mode of delivery: group sessions, with each group consisting 3 to 4 children.

Intervention material: global problem solving strategy (GODC method) to achieve handwriting speed
and legibility and other fine motor goals.

Intervention procedure: the group program was developed to address at least 2 to 3 goals for each
child who was encouraged to develop and modify individual plans, while evaluating which strategies
were successful and which were not successful in the group.

Intervention provider: 2 occupational therapists trained and experienced in the use of the CO-OP in-
tervention.

Place of intervention: no information.

Intervention compliance: no information.

Outcomes Primary

1. MABC-2 test.

2. 3D upper limb motion analysis.

3. Flex-sensor glove.

Secondary

1. Handwriting Speed Test.

2. Goal attainment.

3. COPM.

Adverse effects or events: none.*

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

1. a lack of follow-up.

2. a lack of measures around the intervention effect on quality of life and environmental factors that
influence impairment, activity and participation.

Key conclusions of study authors

Thornton 2016  (Continued)
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The CO-OP group intervention, targeted towards individualised goal attainments, can lead to improve-
ments across impairment, activity and participation.

Comment from review authors

The author calls the design "quasi-experimental, pre-post test study", and "block randomised" each
participant to two groups individually matched for age (within six months).

Email correspondence with study authors: May 2017. We contacted the first study author several times
and obtained supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Blocked randomisation to match for age in an unblinded trial. An independent
party used a simple computerised random number generator.*

Allocation concealment
(selection bias)

Low risk ID number unique to each child matched to a corresponding name after ran-
domisation.*

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Single blind, but impossible to achieve double blind.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Testers were blind to the group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk After enquiry, the first author stated no attrition.

Selective reporting (re-
porting bias)

Low risk No protocol published.* All prespecified outcomes of interest reported.

Other bias Low risk Funding: PhD budget allocated by the University of Western Australia.*

Conflicts of interest: the authors reported no conflicts of interest.

Thornton 2016  (Continued)

 
 

Methods Quasi-RCT.

Participants Number screened: 286.

Number included: 43.

Number followed up: 43.

Number of withdrawals: 0.

Diagnosis of DCD: based on the symptomatic information by parents and special education teachers
and MABC test.

Presence and absence of comorbid conditions: children were excluded if they had comorbid conditions
that may impact on the tests or intervention.

Tsai 2009 
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Regarding participants completing the study

Age: 9 to 10 years.

Sex: DCD table-tennis training (6 boys, 7 girls),* DCD inactive control (6 boys, 8 girls),* non-DCD inactive
control (13 boys and 16 girls).

Ethnicity: Taiwanese. Potentially very low rate of aborigine.*

Country: Taiwan.

Setting: Primary schools.*

Sociodemographics: urban residents of Kaohsiung.*

Inclusion criteria

1. MABC test < 5th percentile.

2. Parents' and teachers' report on the impact of motor incoordination on academic achievement and
activities of daily living.

Exclusion criteria

1. Definite signs of special educational needs, physical or behavioural problems, or evident neurological
damage.

2. Attention deficit hyperactivity disorder identified by a brief behaviour rating scaled based on DSM-IV
criteria for attention deficit hyperactivity disorder.

Interventions Comparison: DCD table-tennis training vs DCD inactive control vs non-DCD inactive control.

Intervention schedule: 50 min at 3/wk for 10 wk.

Duration of intervention: 10 wk.*

Mode of delivery: face-to-face sessions.

Intervention material: table tennis table and equipment, ball-projection machine.

Intervention procedure: warm-up, main part of table tennis training, playing a game, cool down. Em-
phasis first on general skills and then on task-specific skills.

Intervention provider: special education and physical education teacher.

Place of intervention: school.

Intervention compliance: no absence. All enjoyed participation.*

Outcomes Primary

1. MABC test.

Secondary

1. Visuospatial Attention Test.

Adverse effects or events: none reported by the instructor.*

Measures of participation: not reported.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: no.
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Ethics approval: yes.

Comments from study authors

Limitations:*

1. DCD was not diagnosed by medical doctors;

2. long-term intervention effects are unknown.

Key conclusions of study authors

Group table tennis training intervention seemed to offer promising results for motor ability and in-
hibitory control.

Comment from review authors

A larger effect size of intervention outcome than other studies. This may be due to the quality and the
high frequency of training or quasi-RCT design.

* Email correspondence with study authors: April 2014 to February 2016. We contacted the first study
author several times and obtained raw data for meta-analysis and supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk 28 children with DCD, with the Total Impairment Score at or below the 5th per-
centile cutoff point of the MABC test, were assigned quasi-randomly to the ta-
ble tennis DCD-training group or DCD non-training group. However, if the child
and their parents' consent was not forthcoming in the DCD-training group,
then the child was moved to the DCD non-training group.

Allocation concealment
(selection bias)

High risk Not true randomisation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Single blind, but impossible to achieve double blind.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk After enquiry, the first author stated that blinding of outcome assessment en-
sured, and unlikely that the blinding could have been broken.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk After enquiry, the first author stated no missing outcome data.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by a grant from the National Science Council of the
Republic of China, Taiwan (NSC 97-2410-H-006-085).

Conflicts of interest: no information available.

Small numbers.

Tsai 2009  (Continued)
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Methods Quasi-RCT.

Participants Number screened: 368.

Number included: 52 (30 children with DCD who were quasi-randomised plus 22 typically developing
children).

Number followed up: 52.

Number of withdrawals: 0.

Diagnosis of DCD: DSM-IV.

Presence and absence of comorbid conditions: children were excluded if they had comorbid conditions
that may impact on the tests or intervention.

Regarding participants completing the study

Age: overall range 9 to 10 years: DCD soccer training (mean ± SD): 116.81 ± 5.37 months; DCD inactive
control (mean ± SD): 114.00 ± 3.68 months).

Sex: DCD soccer training (9 boys and 7 girls); DCD inactive control (9 boys and 5 girls); non-DCD control
(12 boys and 10 girls).

Ethnicity: Taiwanese. Potentially very low rate of aborigine.*

Country: Taiwan.

Setting: Primary schools.*

Sociodemographics: urban residents of Kaohsiung.*

Inclusion criteria

1. MABC test < 5th percentile.

2. Parents' and teachers' report on the impact of motor inco-ordination on academic achievement and
activities of daily living.

Exclusion criteria

1. Definite signs of special educational needs, physical or behavioural problems, or evident neurological
damage.

2. ADHD identified by a brief behaviour rating scaled based on DSM-IV criteria for attention deficit hy-
peractivity disorder.

Interventions Intervention: DCD soccer training vs DCD inactive control vs non-DCD inactive control.

Intervention schedule: 50 min at 5/wk for 10 wk.

Duration of intervention: 10 wk.*

Mode of delivery: face-to-face group sessions.

Intervention material: soccer balls, obstacles, goal posts.

Intervention procedure: warm-up, main part of soccer training, playing a game, cool down. emphasis
first on general skills and then on task-specific skills.

Intervention provider: trained soccer coach.

Place of intervention: school.

Intervention compliance: no absence. All enjoyed participation.*

Tsai 2012 
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Outcomes Primary

1. MABC test.

Secondary

1. Visuospatial Attention Task.

2. Event-related potential indices of the attention network.

Adverse effects or events: none reported by the instructor.*

Measures of participation: not reported.

Notes Study start date: not available.

Study end date: not available.

Sample calculation: no.

Ethics approval: yes.

Comments from study authors

Limitations:*

a. DCD was not diagnosed by medical doctors;

b. long-term intervention effects are unknown.

Key conclusions of study authors

Soccer training could significantly facilitate the development of motor skills and improve inhibitory
control and neuroelectric indices of attention networks.

Comment from review authors

A larger effect size of intervention outcome than other studies. This may be due to the quality and the
high frequency of training or quasi-RCT design.

* Email correspondence with study authors: May 2014 and February 2016. We contacted the first study
author several times and obtained raw data for meta-analysis and supplementary information.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quasi-randomly subdivided. If consent was not forthcoming then the child
was moved to the non-training group. This is going against the randomisation
process.

Allocation concealment
(selection bias)

High risk Randomisation was broken.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Single blind, but impossible to achieve double blind.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk After enquiry, the first author stated that blinding of outcome assessment en-
sured, and unlikely that the blinding could have been broken.

Tsai 2012  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk After enquiry, the first author stated no missing outcome data.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by a grant from the National Science Council in Tai-
wan (NSC 99-2314-B-006-006-MY2 and NSC 98-2410-H-006-106-MY2).

Conflicts of interest: no information available.

Small numbers.

Tsai 2012  (Continued)

 
 

Methods Blocked RCT in an unblinded trial.

Participants Number screened: not stated.

Number included: 54.

Number followed up: 54.

Number of withdrawals: no information.

Diagnosis of DCD: no information.

Presence and absence of comorbid conditions: children excluded if they had current or history of neu-
rological disease, including head injury, psychiatric disorders, or attention-deficit disorder.

Regarding participants completing the study

Age: 7 to 12 years.

Sex: no information.

Ethnicity: no information.

Country: Australia.

Setting: assessment conducted at schools, and training interventions provided in the Centre for Move-
ment Education and Research, Griffith University.

Sociodemographics: no information.

Inclusion criteria

1. Physical education teachers' identification of displayed poor motor co-ordination, given age and in-
telligence that interfered with academic achievement or activities of daily living.

2. Parental consent to assess using MABC test.

3. MABC test < 50th percentile.

Exclusion criteria

1. Current or history of neurological disease, including head injury, psychiatric disorders, or atten-
tion-deficit disorder.

Interventions Intervention: image training vs traditional perceptual-motor training vs inactive control.

Intervention schedule of traditional perceptual-motor training programme: 60 min once/wk.

Wilson 2002 
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Duration of intervention: 5 wk.

Mode of delivery: face-to-face individual sessions.

Intervention material: image training: a selection of fundamental motor skills (catching a tennis ball,
throwing a tennis ball, striking a softball, jumping to a target using a 2-leg take-oB, balancing a ball on
a bat while walking, and placing objects using a formboard); traditional perceptual-motor training:
combination of gross-motor, fine-motor, and perceptual-motor activities (hopping, skipping, jump-
ing, climbing, and marching activities with hoops, ropes, ladders, and a trampoline; throwing, catching,
and striking balls and quoits; scooter boards; balance beams, boards, and balls; fitball aerobics; peg-
work; origami; and handwriting activities).

Intervention procedure: image training: observation of video-audio sequences of a selection of funda-
mental motor skills, mental exercise, and physical practise; traditional perceptual-motor training: ap-
proach was client centred, with sufficient scope for children to engage in activities of interest while at
the same time developing areas of weakness.

Intervention provider: 2 research assistants with experience in conventional approaches to perceptu-
al-motor therapy.

Place of intervention: Centre for Movement Education and Research, Griffith University.

Intervention compliance: no information.

Outcomes Primary

1. MABC test.

Adverse effects or events: no information.

Measures of participation: no information.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: no information.

Ethics approval: yes.

Comments from study authors

Limitations:

1. brief duration of intervention programmes;

2. possibility of a Hawthorne effect.

Key conclusions of study authors

1. Imagery training is as effective as traditional perceptual-motor training.

2. A deficit in the internal representation of movement parameters is a cause of motor clumsiness.

Comment from review authors

Not all children below the 50th percentile have DCD.

Email correspondence with study authors: January 2016. We wrote to the authors twice to request sup-
plementary information on data but received no reply.

Risk of bias

Bias Authors' judgement Support for judgement

Wilson 2002  (Continued)

Task-oriented interventions for children with developmental co-ordination disorder (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

58



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Random sequence genera-
tion (selection bias)

High risk Not stated. No reply to enquiry.

Allocation concealment
(selection bias)

Unclear risk Not stated. No reply to enquiry.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not stated, but impossible anyway.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Independent evaluator blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No dropouts.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. All prespecified outcomes of interest reported.

Other bias Low risk Funding: research funded by an Australian Research Council grant awarded by
Griffith University.

Conflict of interest: no information available.

Small numbers.

Wilson 2002  (Continued)

 
 

Methods Blocked RCT in an unblinded trial.

Participants Number screened: not stated.

Number included: 42.

Number followed up: 36.

Number of withdrawals: 6.

Diagnosis of DCD: no information.

Presence and absence of comorbid conditions: children excluded if they had current or history of neu-
rological disease, including head injury, psychiatric disorders, or attention-deficit disorder.

Regarding participants completing the study

Age: 7 to 12 years.

Sex: no information.

Ethnicity: no information.

Country: Australia.

Setting: assessment conducted at schools, and training interventions provided in the Centre for Move-
ment Education and Research, Griffith University.

Sociodemographics: no information.

Wilson 2016 
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Inclusion criteria

1. Physical education teachers' identification of displayed poor motor co-ordination, given age and in-
telligence that interfered with academic achievement or activities of daily living.

2. Parental consent to assess using MABC test.

3. MABC test < 10th percentile.

Exclusion criteria

1. Current or history of neurological disease, including head injury, psychiatric disorders, or atten-
tion-deficit disorder.

Interventions Comparison: image training vs traditional perceptual-motor training vs inactive control.

Intervention schedule of traditional perceptual-motor training programme: 60 min once/wk.

Duration of intervention: 5 wk.

Mode of delivery: face-to-face individual sessions.

Intervention material:

Image training: six fundamental motor skills: catching and throwing a tennis ball, striking a softball,
jumping, balancing a ball on a bat while walking, and placing objects on a form board.

Traditional perceptual-motor training: various static and dynamic balance activities using hoops, low
beams, fit balls, ropes, and mini trampoline, minor ball games, pegboard games,origami, and drawing
activities.

Intervention procedure:

Image training: visual imagery exercises, relaxation protocol and mental preparation, mental rehearsal
of skills from external and internal perspectives, mental rehearsal displayed on a LCD monitor.

Traditional perceptual-motor training: approach was collaborative and child centred.

Intervention provider: trained research assistant/therapist

Place of intervention: no information.

Compliance: no information.

Outcomes Primary

1. MABC test.

Adverse effects or events: no information.

Measures of participation: no information.

Notes Study start date: not available.

Study completion date: not available.

Sample calculation: yes.

Ethics approval: yes.

Comments from study authors

Limitations:

1. the inactive control did not match the engagement of an interested adult in the child's progress;

2. the intervention effects on participation in recreational, educational and cultural activities were not
examined.

Wilson 2016  (Continued)
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Key conclusions of study authors

1. Five-hour motor image training can yield strong treatment effect. Imagery training is as effective as
traditional perceptual-motor training.

2. Action observation is an important aspect of the motor imagery training when provided at regular
intervals.

Comment from review authors

Email correspondence with study authors: May 2017. We wrote to the authors twice to request supple-
mentary information on data but received no reply.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Not stated. No reply to enquiry.

Allocation concealment
(selection bias)

Unclear risk Not stated. No reply to enquiry.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Impossible

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk All children were assessed and trained individually under one of the three
training conditions.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Six of 42 children (14%) from unspecified groups dropped out of the study due
to competing family commitments.

Selective reporting (re-
porting bias)

Low risk No protocol obtained. However, this study is a replication of Wilson 2002,
meaning that the method of the previous study served as a protocol.

Other bias Low risk Funding: no information available.

Conflicts of interest: no information available.

Baseline imbalance.

Wilson 2016  (Continued)

BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; COPM: Canadian Occupational Performance Measure; CO-OP: Cognitive Orientation
to daily Occupational Performance; CTA: contemporary treatment approach; DCD: developmental co-ordination disorder; DCDQ:
Developmental Coordination Disorder Questionnaire; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; GPDC:
Goal-Plan-Do-Check; hr: hour; ID: identifier; LCD: liquid crystal display; MABC: Movement Assessment Battery for Children; min: minute;
RCT: randomised controlled trial; SD: standard deviation; SOT: Sensory Organization Test; TGMD: Test of Gross Motor Development; TKD:
Taekwondo; wk: week.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Caçola 2015 Study design: not a randomised controlled trial.
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Study Reason for exclusion

De Milander 2015 Study design: not a cluster-randomised controlled trial, but a quasi-experimental study, which
lacked an element of random assignment.

Ferguson 2013 Study design: not a randomised controlled trial; participants not randomised but allocated accord-
ing to schools that were not sufficiently similar.

Hammond 2014 Intervention: Wii Fit and active control 'Jump Ahead' may or may not be task-oriented interven-
tions.

Peens 2008 Intervention: motor-based intervention programme involved both task-specific and process-orient-
ed (kinaesthetic and sensory integration) treatment.

Tsai 2014 Intervention: exercise intervention not considered to be a task-specific intervention.

Yu 2016 Study design: two clusters only and intra-cluster correlation coefficient not clear.

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Unclear if randomised.

Participants DCD.

Interventions Task specific based.

Outcomes Includes MABC.

Notes Comment from review authors

Email correspondence with study authors: May 2017. We wrote to the authors twice, to request
supplementary information on data, but received no reply.

Farhat 2016 

DCD: developmental co-ordination disorder; MABC: Movement Assessment Battery for Children.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Random-e:ects model

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Movement Assessment Bat-
tery for Children (MABC): Total
score

6   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.1 RCTs and quasi-RCTs 6 169 Mean Difference (IV, Random, 95%
CI)

-3.63 [-5.88, -1.39]

1.2 RCTs only 2 51 Mean Difference (IV, Random, 95%
CI)

-2.34 [-7.50, 2.83]
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Analysis 1.1.   Comparison 1 Random-e:ects model, Outcome 1
Movement Assessment Battery for Children (MABC): Total score.

Study or subgroup Intervention Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.1.1 RCTs and quasi-RCTs  

Green 2008 11 17.1 (7.3) 28 17.1 (7) 13.4% 0.01[-5.01,5.03]

Hillier 2010 6 15.5 (4.1) 6 20.8 (6.5) 10.03% -5.3[-11.45,0.85]

Pless 2000b 17 11.8 (6.9) 20 14 (6.6) 15.97% -2.2[-6.57,2.17]

Tsai 2009 13 13.4 (2.8) 14 17.6 (4.1) 26.25% -4.19[-6.79,-1.59]

Tsai 2012 16 13.5 (3.3) 14 20.5 (4.8) 23.47% -7[-10.01,-3.99]

Wilson 2016 13 15.3 (7.9) 11 15.4 (6.6) 10.87% -0.1[-5.93,5.73]

Subtotal *** 76   93   100% -3.63[-5.88,-1.39]

Heterogeneity: Tau2=3.24; Chi2=8.84, df=5(P=0.12); I2=43.42%  

Test for overall effect: Z=3.17(P=0)  

   

1.1.2 RCTs only  

Green 2008 11 17.1 (7.3) 28 17.1 (7) 55.83% 0.01[-5.01,5.03]

Hillier 2010 6 15.5 (4.1) 6 20.8 (6.5) 44.17% -5.3[-11.45,0.85]

Subtotal *** 17   34   100% -2.34[-7.5,2.83]

Heterogeneity: Tau2=5.9; Chi2=1.72, df=1(P=0.19); I2=41.84%  

Test for overall effect: Z=0.89(P=0.38)  

Test for subgroup differences: Chi2=0.2, df=1 (P=0.65), I2=0%  

Favours intervention 105-10 -5 0 Favours control

 
 

Comparison 2.   Fixed-e:ect model

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Movement Assessment Battery
for Children (MABC): Total score

6   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

1.1 RCTs and quasi-RCTs 6 169 Mean Difference (IV, Fixed, 95%
CI)

-4.06 [-5.63, -2.50]

1.2 RCTs only 2 51 Mean Difference (IV, Fixed, 95%
CI)

-2.11 [-6.00, 1.78]

 
 

Analysis 2.1.   Comparison 2 Fixed-e:ect model, Outcome 1
Movement Assessment Battery for Children (MABC): Total score.

Study or subgroup Intervention Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 RCTs and quasi-RCTs  

Green 2008 11 17.1 (7.3) 28 17.1 (7) 9.77% 0.01[-5.01,5.03]

Hillier 2010 6 15.5 (4.1) 6 20.8 (6.5) 6.5% -5.3[-11.45,0.85]

Pless 2000b 17 11.8 (6.9) 20 14 (6.6) 12.86% -2.2[-6.57,2.17]

Favours intervention 105-10 -5 0 Favours control
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Study or subgroup Intervention Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Tsai 2009 13 13.4 (2.8) 14 17.6 (4.1) 36.39% -4.19[-6.79,-1.59]

Tsai 2012 16 13.5 (3.3) 14 20.5 (4.8) 27.23% -7[-10.01,-3.99]

Wilson 2016 13 15.3 (7.9) 11 15.4 (6.6) 7.25% -0.1[-5.93,5.73]

Subtotal *** 76   93   100% -4.06[-5.63,-2.5]

Heterogeneity: Tau2=0; Chi2=8.84, df=5(P=0.12); I2=43.42%  

Test for overall effect: Z=5.08(P<0.0001)  

   

2.1.2 RCTs only  

Green 2008 11 17.1 (7.3) 28 17.1 (7) 60.02% 0.01[-5.01,5.03]

Hillier 2010 6 15.5 (4.1) 6 20.8 (6.5) 39.98% -5.3[-11.45,0.85]

Subtotal *** 17   34   100% -2.11[-6,1.78]

Heterogeneity: Tau2=0; Chi2=1.72, df=1(P=0.19); I2=41.84%  

Test for overall effect: Z=1.07(P=0.29)  

Favours intervention 105-10 -5 0 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library, which contains the Cochrane Developmental,
Psychosocial and Learning Problems Specialised Register

#1[mh "motor skills disorders"]
#2[mh "psychomotor Disorders"]
#3(coordination or co-ordination) near/3 disorder*
#4(motor next skill* near/3 disorder*)
#5(motor next function* near/3 disorder*)
#6DCD:ti,ab
#7(clumsy or clumsiness)
#8(physical* near/1 awkward*)
#9(incoordination or in next coordination)
#10(motor near/1 (competence or impair* or diBiculty or diBiculties or proficiency))
#11(movement* near/1 (diBiculty or diBiculties))
#12[mh Apraxias]
#13dyspraxi*
#14{or #1-#13}
#15[mh "Developmental Disabilities"]
#16(co next ordination or coordination or motor*)
#17#15 and #16
#18#14 or #17
#19[mh ^child]
#20[mh adolescent]
#21(child* or preschool* or pre next school* or boy* or girl* or teen* or adolescen* or young next people* or youth*)
#22{or #19-#21}
#23#18 and #22 in Trials

Ovid MEDLINE

1 Motor Skills Disorders/
2 Psychomotor Disorders/
3 ((coordination or co-ordination) adj3 disorder$).tw.
4 (motor skill$ adj3 disorder$).tw.
5 (motor function$ adj3 disorder$).tw.
6 DCD.tw.
7 (clumsy or clumsiness).tw.
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8 (physical$ adj1 awkward$).tw.
9 (inco?ordination or in-co?ordination).tw.
10 (motor adj1 (competence or impair$ or diBiculty or diBiculties or proficiency)).tw.
11 (movement$ adj1 (diBiculty or diBiculties)).tw.
12 exp Apraxias/
13 dyspraxi$.tw.
14 or/1-13
15 Developmental Disabilities/
16 (co-ordination or coordination or motor$).tw.
17 15 and 16
18 14 or 17
19 exp child/
20 Adolescent/
21 (child$ or preschool$ or pre-school$ or boy$ or Girl$ or teen$ or adolescen$ or young people$ or youth$).tw.
22 or/19-21
23 18 and 22
24 randomized controlled trial.pt.
25 controlled clinical trial.pt.
26 randomi#ed.ab.
27 placebo$.ab.
28 drug therapy.fs.
29 randomly.ab.
30 trial.ab.
31 groups.ab.
32 or/24-31
33 exp animals/ not humans.sh.
34 32 not 33
35 23 and 34
36 remove duplicates from 35

Ovid MEDLINE(R) Epub Ahead of Print

1 ((coordination or co-ordination) adj3 disorder$).tw.
2 (motor skill$ adj3 disorder$).tw.
3 (motor function$ adj3 disorder$).tw.
4 DCD.tw.
5 (clumsy or clumsiness).tw.
6 (physical$ adj1 awkward$).tw.
7 (inco?ordination or in-co?ordination).tw.
8 (motor adj1 (competence or impair$ or diBiculty or diBiculties or proficiency)).tw.
9 (movement$ adj1 (diBiculty or diBiculties)).tw.
10 dyspraxi$.tw.
11 (developmental disorder$ and (co-ordination or coordination or motor$)).tw.
12 or/1-11
13 (child$ or preschool$ or pre-school$ or boy$ or girl$ or teen$ or adolescen$ or young people$ or youth$).tw.
14 12 and 13
15 (random$ or control$ or group$ or cluster$ or placebo$ or trial$ or assign$ or prospectiv$ or meta-analysis or systematic review or
longitudinal$).tw.
16 14 and 15

Ovid MEDLINE In-Process & Other Non-Indexed Citations

1 ((coordination or co-ordination) adj3 disorder$).tw.
2 (motor skill$ adj3 disorder$).tw.
3 (motor function$ adj3 disorder$).tw.
4 DCD.tw.
5 (clumsy or clumsiness).tw.
6 (physical$ adj1 awkward$).tw.
7 (inco?ordination or in-co?ordination).tw.
8 (motor adj1 (competence or impair$ or diBiculty or diBiculties or proficiency)).tw.
9 (movement$ adj1 (diBiculty or diBiculties)).tw.
10 dyspraxi$.tw.
11 (developmental disorder$ and (co-ordination or coordination or motor$)).tw.
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12 or/1-11
13 (child$ or preschool$ or pre-school$ or boy$ or girl$ or teen$ or adolescen$ or young people$ or youth$).tw.
14 12 and 13
15 (random$ or control$ or group$ or cluster$ or placebo$ or trial$ or assign$ or prospectiv$ or meta-analysis or systematic review or
longitudinal$).tw.
16 14 and 15

Embase Ovid

1 developmental coordination disorder/
2 psychomotor disorder/
3 motor dysfunction/
4 ((coordination or co-ordination) adj3 disorder$).tw.
5 (motor skill$ adj3 disorder$).tw.
6 (motor function$ adj3 disorder$).tw.
7 DCD.tw.
8 (clumsy or clumsiness).tw.
9 (physical$ adj1 awkward$).tw.
10 (inco?ordination or in-co?ordination).tw.
11 (motor adj1 (competence or impair$ or diBiculty or diBiculties or proficiency)).tw.
12 (movement$ adj1 (diBiculty or diBiculties)).tw.
13 exp apraxia/
14 dyspraxi$.tw.
15 or/1-14
16 developmental disorder/
17 (co-ordination or coordination or motor$).tw.
18 16 and 17
19 15 or 18
20 juvenile/ or exp adolescent/ or exp child/
21 (child$ or preschool$ or pre-school$ or boy$ or Girl$ or teen$ or adolescen$ or young people$ or youth$).tw.
22 20 or 21
23 19 and 22
24 Randomized controlled trial/
25 controlled clinical trial/
26 Single blind procedure/
27 Double blind procedure/
28 triple blind procedure/
29 Crossover procedure/
30 (crossover or cross-over).tw.
31 ((singl$ or doubl$ or tripl$ or trebl$) adj1 (blind$ or mask$)).tw.
32 Placebo/
33 placebo.tw.
34 prospective.tw.
35 factorial$.tw.
36 random$.tw.
37 assign$.ab.
38 allocat$.tw.
39 volunteer$.ab.
40 or/24-39
41 23 and 40
42 remove duplicates from 41
43 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
44 human/ or normal human/ or human cell/
45 43 and 44
46 43 not 45
47 42 not 46

ERIC ProQuest (Education Resources Information Center)

S21 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12
S20 S16 OR S17 OR S18 OR S19
S19 random or randomly OR intervention* OR experiment* OR trial*
S18 ((compar* OR control*) N2 group*)
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S17 ((evaluat* OR comparative) N2 (study OR studies OR research))
S16 DE "Longitudinal Studies" OR DE "Control Groups" OR DE "Program
S15 S13 OR S14
S14 (child* or preschool* or pre-school* or boy* or Girl* or teen* or adolescen* or young people* or youth*)
S13 DE "Adolescents" OR DE "Children" OR DE "Early Adolescents" OR DE "Late Adolescents" OR DE "Youth"
S12 dyspraxi*
S11 (movement* N1 (diBiculty or diBiculties))
S10 (motor N1 (competence or impair* or diBiculty or diBiculties or proficiency))
S9 incoordination or "inco-ordination"
S8 (physical* N1 awkward*)
S7 (clumsy or clumsiness)
S6 DCD
S5 (motor function* N3 disorder*)
S4 (motor skill* N3 disorder*)
S3 ((coordination or co-ordination) N3 disorder*)
S2 DE "Psychomotor Skills"
S1 DE "Perceptual Motor Coordination"

CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

S35 S23 AND S34
S34 S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33
S33 (MH "Quantitative Studies")
S32 TX placebo*
S31 (MH "Placebos")
S30 (MH "Random Assignment")
S29 TX (random* N3 (allocat* or assign*))
S28 TX (randomi* control* trial*)
S27 TX ( (singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*) )
or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) )
S26 TX (clinic* n1 trial*)
S25 PT Clinical trial
S24 (MH "Clinical Trials+")
S23 S18 AND S22
S22 S19 OR S20 OR S21
S21 (child* or preschool* or pre-school* or boy* or Girl* or teen* or adolescen* or young people* or youth*)
S20 (MH "Adolescence+")
S19 (MH "Child+")
S18 S14 OR S17
S17 S15 AND S16
S16 (co-ordination or coordination or motor*)
S15 (MH "Developmental Disabilities")
S14 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13
S13 dyspraxi*
S12 (MH "Apraxia+")
S11 (movement* N1 (diBiculty or diBiculties))
S10 (motor N1 (competence or impair* or diBiculty or diBiculties or proficiency))
S9 incoordination or in-coordination)
S8 (physical* N1 awkward*)
S7 (clumsy or clumsiness)
S6 DCD
S5 (motor function* N3 disorder*)
S4 (motor skill* N3 disorder*)
S3 ((coordination or co-ordination) N3 disorder*)
S2 (MH "Psychomotor Disorders")
S1 (MH "Motor Skills Disorders")

PsycINFO Ovid

1 movement disorders/
2 motor coordination/
3 dyspraxia/
4 ((coordination or co-ordination) adj3 disorder$).tw.
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5 (motor skill$ adj3 disorder$).tw.
6 (motor function$ adj3 disorder$).tw.
7 DCD.tw.
8 (clumsy or clumsiness).tw.
9 (physical$ adj1 awkward$).tw.
10 (inco?ordination or in-co?ordination).tw.
11 (motor adj1 (competence or impair$ or diBiculty or diBiculties or proficiency)).tw.
12 (movement$ adj1 (diBiculty or diBiculties)).tw.
13 dyspraxi$.tw.
14 developmental disabilities/
15 (co-ordination or coordination or motor$).tw.
16 14 and 15
17 or/1-13
18 16 or 17
19 (adolescence 13 17 yrs or childhood birth 12 yrs or infancy 2 23 mo or preschool age 2 5 yrs or school age 6 12 yrs).ag.
20 (child$ or preschool$ or pre-school$ or boy$ or Girl$ or teen$ or adolescen$ or young people$ or youth$).tw.
21 19 or 20
22 18 and 21
23 clinical trials/
24 random$.tw.
25 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).tw.
26 (crossover$ or "cross over$").tw.
27 trial$.tw.
28 group$.ab.
29 exp program evaluation/
30 treatment eBectiveness evaluation/
31 treatment outcome clinical trial.md.
32 ((eBectiveness or evaluat$) adj2 (stud$ or research$)).tw.
33 (allocat$ or assign$).tw.
34 placebo.ab.
35 or/23-34
36 22 and 35

Science Citation Index - Expanded (SCI-EXPANDED), Social Sciences Citation Index (SSCI), Conference Proceedings Citation Index -
Science (CPCI-S), Conference Proceedings Citation Index - Social Science & Humanities (CPCI-SS&H); Web of Science

# 14 #13 AND #12
# 13 TS=(random* or control* or trial* or blind* or placebo* )
# 12 #11 AND #10
# 11 TS=(child* or preschool* or "pre school*" or boy*or Girl* or teen* or adolescen* or "young people" or youth*)
# 10 #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1
# 9 TS= (dysprax*)
#8 TS= (movement* near/1 (diBiculty or diBiculties))
# 7 TS= (motor near/1 (competence or impair* or diBiculty or diBiculties or proficiency))
# 6 TS= (incoordination)
# 5 TS=((physical* near/1 awkward*))
# 4 TS=(clumsy or clumsiness)
# 3 TS=("motor function* " near/3 disorder*)
# 2 TS=("motor skill*" near/3 disorder*)
# 1 TS=((coordination or co-ordination) near/3 disorder* )

Cochrane Database of Systematic Reviews (CDSR), in the Cochrane Library

#1[mh "motor skills disorders"]
#2[mh "psychomotor Disorders"]
#3((coordination or co-ordination) near/3 disorder*):ti,ab
#4(motor next skill* near/3 disorder*):ti,ab
#5(motor next function* near/3 disorder*) :ti,ab
#6DCD:ti,ab
#7(clumsy or clumsiness):ti,ab
#8(physical* near/1 awkward*):ti,ab
#9(incoordination or in next coordination):ti,ab
#10(motor near/1 (competence or impair* or diBiculty or diBiculties or proficiency)):ti,ab
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#11(movement* near/1 (diBiculty or diBiculties))
#12[mh Apraxias]
#13dyspraxi*:ti,ab
#14{or #1-#13}
#15[mh "Developmental Disabilities"]
#16(co next ordination or coordination or motor*):ti,ab
#17#15 and #16
#18#14 or #17
#19[mh ^child]
#20[mh adolescent]
#21(child* or preschool* or pre next school* or boy*or Girl* or teen* or adolescen* or young next people* or youth*):ti,ab
#22{or #19-#21}
#23#18 and #22 in Cochrane Reviews (Reviews and Protocols)

Database of Abstracts of Reviews of E:ectiveness (DARE), in the Cochrane Library

#1[mh "motor skills disorders"]
#2[mh "psychomotor Disorders"]
#3((coordination or co-ordination) near/3 disorder*):ti,ab
#4(motor next skill* near/3 disorder*):ti,ab
#5(motor next function* near/3 disorder*) :ti,ab
#6DCD:ti,ab
#7(clumsy or clumsiness):ti,ab
#8(physical* near/1 awkward*):ti,ab
#9(incoordination or in next coordination):ti,ab
#10(motor near/1 (competence or impair* or diBiculty or diBiculties or proficiency)):ti,ab
#11(movement* near/1 (diBiculty or diBiculties))
#12[mh Apraxias]
#13dyspraxi*:ti,ab
#14{or #1-#13}
#15[mh "Developmental Disabilities"]
#16(co next ordination or coordination or motor*):ti,ab
#17#15 and #16
#18#14 or #17
#19[mh ^child]
#20[mh adolescent]
#21(child* or preschool* or pre next school* or boy*or Girl* or teen* or adolescen* or young next people* or youth*):ti,ab
#22{or #19-#21}
#23#18 and #22 in Other Reviews

Proquest Dissertations & Theses: UK & Ireland

TI("developmental coordination disorder" OR "developmental co-ordination disorder" OR DCD OR "motor impair*" OR "motor disorder*"
OR incoordination OR dyspraxia* OR clumsy)

WorldCat

(www.worldcat.org)

TI:(developmental coordination disorder OR developmental co-ordination disorder OR DCD OR motor impair* OR motor disorder* OR
incoordination OR dyspraxia* OR clumsy) AND kw:(child* OR adolescen* OR teen* OR infant*) AND KW:(intervention* OR random* OR
eBectiveness OR evaluat* OR treat*)

ClinicalTrials.gov

(clinicaltrials.gov)

"developmental co-ordination disorder" AND children

metaRegister of Controlled Trials

(www.controlled-trials.com)

"developmental co-ordination disorder" AND children
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ISRCTN Registry

(www.isrctn.com)

"developmental co-ordination disorder" AND children

World Health Organization International Clinical Trials Registry Platform (WHO ICTRP)

(apps.who.int/trialsearch)

developmental co-ordination disorder AND children

Australian New Zealand Clinical Trials Registry

(anzctr.org.au)

"developmental co-ordination disorder" AND children

Appendix 2. Search summary

 

Database Search date Database date range/issue/ver-
sion

Number of records

21 August 2014 July 2014 (Issue 7) 506

20 April 2016 April 2016 (Issue 4) 77

Cochrane Central Register of Controlled Trials
(CENTRAL) in the Cochrane Library

5 April 2017 March 2017 (Issue 3) 36

20 August 2014 1946 to August Week 1 2014 1740

18 April 2016 1946 to April Week 1 2016 221

Ovid MEDLINE

4 April 2017 1946 to March Week 4 2017 116

Ovid MEDLINE Epub Ahead of Print 4 April 2017 3 April 2017 49

Ovid MEDLINE In-Process & Other Non-In-
dexed Citations

4 April 2017 3 April 2017 143

20 August 2014 1980 to 2014 Week 33 1508

18 April 2016 1980 to 2016 Week 16 298

Embase (Ovid)

4 April 2017 1974 to 2017 Week 14 208

20 August 2014 1966 to current 1047

20 April 2016 1966 to current 62

ERIC ProQuest (Education Resources Informa-
tion Center)

5 April 2017 1966 to current 73

21 August 2014 1937 to current 604

18 April 2016 1937 to current 66

CINAHL Plus EBSCOhost (Cumulative Index to
Nursing and Allied Health Literature)

4 April 2017 1937 to current 54

PsycINFO (Ovid) 20 August 2014 1806 to August Week 2 2014 359
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18 April 2016 1806 to April Week 2 2016 68

4 April 2017 1806 to April Week 2 2017 31

22 August 2014 1970 to 21 August 2014 1306

20 April 2016 1970 to 18 April 2016 342

Science Citation Index - Expanded and Social
Sciences Citation Index Web of Science (SCI-
Expanded; SSCI, respectively)

4 April 2017 1970 to 31 March 2017 156

22 August 2014 1990 to 21 August 2014 112

20 April 2016 1990 to 18 April 2016 5

Conference Proceedings Citation Index -
Science and Conference Proceedings Citation
Index - Social Science & Humanities Web of
Science (CPCI-S; CPCI-SS&H, respectively)

4 April 2017 1990 to 31 March 2017 1

21 August 2014 August 2014 (Issue 8 of 12) 10

20 April 2016 April 2016 (Issue 4 of 12) 7

Cochrane Database of Systematic Reviews
(CDSR) in the Cochrane Library

5 April 2017 April 2017 (Issue 4 of 12) 2

21 August 2014 July 2014 (Issue 3 of 4) 14Database of Reviews of Abstracts of Effects
(DARE) in the Cochrane Library

20 April 2016 April 2015 (Issue 2 of 4) 0

22 August 2014 Current issue 49

20 April 2016 Current issue 4

ProQuest Dissertations & Theses: UK & Ire-
land

5 April 2017 Current issue 0

22 August 2014 Current issue 36

20 April 2016 Current issue 7

WorldCat (worldcat.org)

4 April 2017 Current issue 0

18 June 2015 Current issue 9

22 April 2016 After 6 January 2015 16

ClinicalTrials.gov (clinicaltrials.gov)

31 March 2017 Current issue 20

metaRegister of Controlled Trials (mRCT;
www.controlled-trials.com) This service was
under review in 2016 and 2017.

18 June 2015 Current issue 1

22 April 2016 Current issue 8ISRCTN registry (www.isrctn.com)

31 March 2017 Current issue 6

18 June 2015 Current issue 12World Health Organization International Clin-
ical Trials Registry Platform (WHO ICTRP; app-
s.who.int/trialsearch) 22 April 2016 Current issue 6
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31 March 2017 Current issue 18

18 June 2015 Current issue 2

22 April 2016 Current issue 4

Australian New Zealand Clinical Trials Reg-
istry (ANZCTR; anzctr.org.au/trialSearch.aspx)

31 March 2017 Current issue 4

  (Continued)
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1 August 2017 Amended Correcting error in PLS

 

C O N T R I B U T I O N S   O F   A U T H O R S

Motohide Miyahara (MM) draOed the protocol and all authors contributed advice.

Susan L Hillier (SLH) and Liz Pridham (LP) performed second review author roles with MM, from inclusion through to risk of bias and data
extraction stages.

Shinichi Nakagawa provided statistical advice.

MM, SLH, and LP wrote the final review text.

D E C L A R A T I O N S   O F   I N T E R E S T

Motohide Miyahara (MM): none known.

Susan L Hillier (SLH) is an author of two included studies: Hillier 2010 and ACTRN12614000106639. SLH was not involved in assessing the
risk of bias or the quality of the evidence from these studies. These tasks were performed by two independent review authors (MM and LP).

Liz Pridham (LP): none known.

Shinichi Nakagawa: none known.
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In the form of a salary for Motohide Miyahara and Shinichi Nakagawa (to March 2015)
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• University of New South Wales, Australia.

In the form of salary for Shinichi Nakagawa (from 1 March 2015)
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Methods section

Types of outcomes

We moved adverse eBects from our list of secondary outcomes to our primary outcomes in keeping with MECIR standards (Chandler 2013).

Search methods for identification of studies

We added WorldCat (worldcat.org) as an international source of theses, and searched for relevant systematic reviews in the Cochrane
Database of Systematic Reviews (CDSR) and Database of Abstracts of Reviews of EBects (DARE). We also searched Ovid MEDLINE Epub
Ahead of Print and Ovid MEDLINE In-Process & Other Non-Indexed Citations to find the most current MEDLINE content. Since the protocol
for this review was published (Miyahara 2014), Current Controlled Trials has been replaced by the ISTRCN Registry (isrctn.com), and the
metaRegister of Controlled Trials is under review and no longer in service. We did not search SportDiscus because the database was no
longer available to the editorial base or review team.

Data collection and analysis

We specified in our protocol (Miyahara 2014), that " Two authors (SH and MM) will independently assess all studies identified by the search
strategy for inclusion." However, this task was performed by MM and LP for two studies on which SLH is an author (ACTRN12614000106639;
Hillier 2010). See also: Declarations of interest.

Data extraction and management

We specified that MM and SN would independently extract and manage data, but this task was performed by MM and SLH.

Assessment of risk of bias in included studies

We specified that we also assessed the blinding of participants and personnel (even though this was impossible given the nature of the
intervention), and other potential sources of bias.

Measures of treatment e&ect

Continuous outcome data

Because all the studies that were included in meta-analyses employed the MABC, we used the mean diBerence (MD) instead of the
standardised mean diBerence (SMD). In future updates of this review, should we encounter studies that use diBerent measures for the
same outcome, we will use the standardised mean diBerence (SMD) (Borenstein 2009).

Multiple outcome data

As there was an insuBicient number of included studies with postintervention data at multiple time points, we were unable to conduct a
separate meta-analysis using the SMD from both postintervention and follow-up phases, as planned. We used immediate postintervention
data only for meta-analyses.

Dichotomous data

We found one trial, Pless 2000b, which reported dichotomous data. Pless 2000b divided participants into definite motor diBiculties (MABC
scores < 5th percentile) and borderline motor diBiculties (MABC scores between 5th and 15th percentile) because no participant improved
beyond the 15th percentile aOer intervention. It should be noted that in future studies, there is a possibility that some participants may
improve beyond the 15th percentile, which would create trichotomous data. In this circumstance a future review would need a consensus
to be reached as to whether the diagnostic cutoB should be the 5th or 15th percentile; this would enable dichotomous data to be extracted.
Should we find such data in future updates of this review, we will calculate the odds ratio and convert them to SMDs (Borenstein 2009).

We used the latest version of Review Manager 5.3 to perform the analyses (Review Manager 2014).

Unit of analysis issues

For cross-over trials, we decided to extract the outcome data from the first phase of the intervention period only, to avoid carry-over eBects.
This is a change from the protocol where we said we would account for the carry-over eBect by obtaining (inter-individual) correlation
coeBicients between pre- and postintervention periods (Miyahara 2014).

We were unable to include cluster-randomised trials in the meta-analyses. In future updates of this review, we will endeavour to obtain
the intra-cluster correlation coeBicients from the study authors, as necessary, so we may appropriately integrate the eBect from cluster-
randomised trials when calculating the SMDs and corresponding variances.

Dealing with missing data.

As expected, we did not have any missing data that required multiple imputation. Should we encounter such data in future updates of this
review, we will conduct a sensitivity analysis using a multiple imputation technique for missing subgroup information, assuming the data
are missing at random (Pigott 2012).
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Assessment of heterogeneity

As we used the random-eBects model, we also reported Tau2, which is an estimate of between-study variability.

In future updates of this review, where we encounter moderate to high heterogeneity, we will conduct a random-eBects meta-analysis and
explore the causes of heterogeneity by conducting subgroup analyses and meta-regression, providing we have suBicient studies.

Assessment of reporting bias

We did not assess small study eBects as we only included six studies in meta-analyses. In future updates of this review, should we include
suBicient studies, we will conduct a visual assessment of funnel plot asymmetry to identify possible publication bias and other small study
eBects (Sterne 2011). If funnel asymmetry is due to a lack of data points in the non-statistically significant region of a funnel plot, we
will interpret the funnel plot asymmetry as an indicator of possible publication bias; that is, multiple or singular publication of research
findings, depending on the nature and direction of the results. We will only create a funnel plot for a meta-analysis that contains at least
10 studies (SMDs).

Data synthesis

We decided to present the results of the random-eBects model only. We conducted a sensitivity analysis using the fixed-eBect model to
assess the robustness of the results.

In future updates of this review, we will conduct subsequent meta-analyses on subgroups according to the criteria described in the
'Subgroup analysis and investigation of heterogeneity' section, should we find suBicient studies. Also, where studies are unsuitable for
meta-analysis, we will provide narrative descriptions of their results.

Summary of findings tables

We included a new section on 'Summary of findings' tables in the Methods, at the request of the editorial base.

Subgroup analysis and investigation of heterogeneity

We could not conduct any subgroup analyses due to the small number of included studies with limited independent variables. In future
updates of this review, if we find suBicient studies, we will perform the following subgroup analyses.

1. Age (preschool versus junior; primary versus senior; primary versus secondary or high school).

2. Sex (male versus female).

3. Severity of DCD in terms of cutoBs used for standard performance outcome tests and questionnaires (for example, second percentile;
fiOh percentile; 15th percentile).

4. Intervention intensity calculated as a combination of frequency and duration (for example, < 3 times a week versus ≧ 3 times a week;
or < 6 weeks versus ≧ 6 weeks).

5. Type of intervention (for example, NTT versus CO-OP).

Sensitivity analysis

Due to the small number of eligible studies, we were unable to conduct our preplanned sensitivity analyses. In future updates of this review,
we will conduct sensitivity analyses to explore the impact of all three aspects of study quality (risk of bias) associated with issues of blinding
of outcome assessment, completeness of data, and sequence generation and allocation concealment.

We tested the robustness of the results by conducting the following, post hoc sensitivity analyses.

1. Fixed-eBect model, combining MDs (not SMDs) for the reason explained above, versus random-eBects model.

2. Meta-analysis combining two RCTs and three quasi-RCTs versus meta-analysis of two RCTs only.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Activities of Daily Living;  Motor Skills Disorders  [*therapy];  Movement Disorders  [therapy];  Non-Randomized Controlled Trials as Topic
 [statistics & numerical data];  Randomized Controlled Trials as Topic  [statistics & numerical data];  Social Skills;  Task Performance and
Analysis

MeSH check words

Child; Child, Preschool; Female; Humans; Male
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