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Review

Field-Based Tests of Strength and
Anaerobic Capacity Used in
Children With Developmental
Coordination Disorder:

A Systematic Review

Wendy Aertssen, Dorothee Jelsma, Bouwien Smits-Engelsman

Objective. Children with developmental coordination disorder (DCD) are reported to
have lower levels of strength and anaerobic capacity. The purpose of this study was
to (1) identify field-based tests for strength and anaerobic capacity used in studies
comparing children with DCD and children who were typically developing (ID), (2)
examine the methodological quality of studies reporting psychometric properties and rate
the psychometric properties of the examined test, and (3) summarize available evidence by
combining the methodological quality of the studies and the quality of the psychometric
properties of the test.

Methods. An electronic search was conducted in July 2019 in 4 electronic databases.
For purpose 1, primary studies were included with no exclusion of study design in which
children aged 4 to 18 years with DCD were compared with children who were TD on
strength and/or anaerobic capacity measures. For purpose 2, primary studies were included
with no exclusion of study design in which a psychometric property was investigated. The
Consensus-Based Standards for Selection of Health Measurement Instruments (COSMIN)
was used to evaluate the methodological quality of the 34 studies and rate the psychometric
properties of the tests used.

Results. Hand-held dynamometer, bent knee push-up, vertical jump, standing long-jump,
functional strength measurement, fitness test, and test battery can be recommended for
TD, and the shuttle run item of the Bruininks-Oseretsky Test of Motor Proficiency-Second
Edition and 10 m x 5 m sprints (straight and slalom) can be recommended for DCD.

Conclusion. Information regarding psychometric properties of field-based tests for
strength and anaerobic capacity in children with DCD is lacking.

Impact. Information about the psychometric properties of field-based tests for strength
and anaerobic capacity in children with DCD is lacking. More information is available on
TD children, but it is also not complete; information regarding validity and responsiveness,
especially, is missing. When using measures in children with DCD, it is important to keep
in mind this lack of evidence for the validity and reliability of the outcomes for this target

group.
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Strength/Anaerobic Capacity Tests: Pediatric DCD

hildren need sufficient physical fitness to be

able to participate fully in everyday sport activities

and games."? Participation in these activities offers
opportunities for having fun, interacting socially, and
possibly promoting physical well-being.*** Children’s
patterns of exertion during sport and play are
characterized by short periods of intensive physical
activity interspersed with short periods of reduced or less
intensive activity.” These short bursts of physical activity,
such as jumping, pushing a friend on a swing, running
short distances when playing tag, or climbing a climbing
frame, utilize muscle strength, power, and endurance and
mostly engage the anaerobic energy system. Reduced
levels of physical fitness appear to be a risk factor for an
increase in weight and, over time, may lead to health
problems in adolescence.>¢ It is therefore important to
identify children who experience problems in outdoor
play and/or sport activities at an early age and analyze
which underlying deficits are hindering them. Early
identification may result in early intervention, which aims
to improve participation in sport and playground activities
and may prevent secondary health problems.

One group of children known to experience problems in
performing activities of daily life, play, and sport activities
are those with developmental coordination disorder
(DCD).” DCD is a diagnosis for children who experience
motor coordination problems during development. The
level of motor skill is substantially below the level
expected for the chronological age. Besides motor
coordination problems, children with DCD are also
known to have lower levels of physical fitness, including
cardiorespiratory fitness, anaerobic capacity, and muscle
strength.>*"'7 Hence, international clinical practice
recommendations state that not only should the level of
motor performance be assessed but also the level of
strength and anaerobic capacity.” Whether the measured
level of anaerobic fitness performance actually reflects a
lower level of anaerobic capacity in children with DCD is
still unclear but can be expected. Several reasons can be
suggested why children with DCD score lower on tests of
anaerobic capacity. Avoiding sport and play activities will
result in fewer training opportunities in daily life
compared with their peers,'®" leading to lower anaerobic
capacity. However, as mentioned in previous research
regarding aerobic fitness performance in children with
DCD, it does not necessarily have to be associated with
lower capacity but may be due to psychological aspects
such as the child’s negative perception of their abilities or
feeling of exertion.”® Other explanations could lie in the
fact that the movements used in different tests have high
coordination or balance demands (throwing and jumping)
or are less mastered by the child with DCD (running or
cycling). It can be argued that tests for anaerobic capacity
and strength measure a different construct in children
with DCD than in well-coordinated children. So far, a few
intervention studies aimed at only children with DCD
presented a significant improvement in strength and/or

anaerobic capacity measures.** However, if the change
after intervention is similar to the measurement error of
the test, the effect of intervention is still unclear. Hence,
testing anaerobic capacity and muscle strength in children
with DCD using psychometrically sound tools is important
because both clinical and scientific conclusions are based
on the results of such tests.

There are several ways of measuring strength and
anaerobic capacity. Muscle strength can be defined as the
maximal strength a muscle group can generate and is
usually expressed in newtons or the 1-repetition
maximum, which is based on the weight that can be lifted
just once when performing a movement through full
range of 1 or more body segments. Anaerobic capacity
can be divided into muscle power, muscle endurance, and
general anaerobic capacity. Muscle power is the product of
force and velocity per unit of time. During a high-intensity,
short-term power task—for example, throwing, jumping,
or a short sprint—energy is released by breaking down
high-energy molecules (adenosine triphosphate molecule
and phosphocreatine molecule) and glucose (the lactic
acid system) in the muscle cells without the use of
oxygen. Muscle endurance can be defined as the ability to
sustain or repeat a contraction as many times as possible
in a certain limited timeframe.” Sprinting tests are
commonly used to assess general anaerobic capacity.

Laboratory tests of (an)aerobic capacity and strength are
recognized as gold standards because of strict
standardization and because equipment like cycle
ergometers enable collection of accurate and reliable data.
Field-based tests are gradually gaining attention
worldwide because they are easy to implement in large
epidemiological studies. In clinical settings, therapists use
field-based tests, like running or jumping tests, since these
provide more specific information about outdoor play and
sport. Field-based tests are portable, low cost, ecologically
valid, and provide outcomes that often relate well to
outcomes from most laboratory tests.* Given that outdoor
play and sport activities require a considerable level of
strength and anaerobic capacity, a critical evaluation of
the psychometric properties of the existing strength and
anaerobic field-based tests for children in general and in a
specific target group like DCD is warranted.

The taxonomy of the Consensus-Based Standards for the
Selection of Health Measurement Instruments (COSMIN)
is a well-established tool to verify the psychometric
properties of tests.”” One of the psychometric properties is
reliability. The reliability of a test is the extent to which it
is free from measurement error and covers internal
consistency, test-retest reliability, inter-and intra-rater
reliability, and measurement error. The validity of a test
implies the extent to which a test provides outcomes,
which are supposed to measure according to the content,
construct, and criterion validity of the test. A third
important psychometric property is responsiveness; this
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refers to the ability of a test to detect changes in
performance over time.

Taken together, there is a need for an overview of the
variety of field-based tests and their psychometric
properties, which are used thus far to evaluate strength
and anaerobic capacity of children with DCD compared
with children with TD, so results in daily practice and in
scientific research can be interpreted correctly. Therefore,
the purpose of this study is to (1) identify field-based tests
for strength and anaerobic capacity used in studies
comparing children with DCD and TD, (2) examine the
methodological quality of studies reporting psychometric
properties and rate the psychometric properties of the
examined test, and (3) summarize available evidence by
combining the methodological quality of the studies

and the quality of the psychometric properties of the
test.

Methods

Data Sources and Search

A comprehensive electronic search for relevant studies
was conducted in July 2019 from the following electronic
databases: Cochrane Database of Systematic Reviews;
Cochrane Central Register of Controlled Trials; the
Physiotherapy Evidence Database; and US National
Library of Medicine Database (PubMed). The reference
lists of all included articles were manually searched for
additional studies.

Part 1. In the first search, we selected for constructs of
interest (strength and anaerobic capacity) and target
population (children with DCD). The inclusion criteria
were (1) primary studies published between 1980 and
2019 with no exclusion based on study design; (2) used
field-based tests intending to measure strength and/or
anaerobic capacity; (3) were published in peer-reviewed
journals in the English language; (4) included children
aged 4 to 18 years with the clinical diagnosis of DCD
(meeting all the criteria for DCD according to the
Diagnostic and Statistical Manual of Mental Disorders
[DSM 4 or DSM 5]* or with p-DCD [not formally
diagnosed or not all the criteria of the DSM 4 or DSM 5
are described in the study]) or children with mild motor
problems and were compared with children with TD.

Part 2. In the second part, we searched for the
psychometric properties of the previously identified
field-based tests (Part 1) for strength and anaerobic
capacity in children with TD and/or children with DCD by
entering names of all the identified tests and psychometric
properties (eg, reliability, validity, and responsiveness).
The inclusion criteria were studies that (1) were primary
studies with no exclusion for type of study design, (2)
were published in peer-reviewed journals in the English

language, (3) included children aged 4 to 18 years, and (4)
reported on at least 1 psychometric property.

Studies focusing on children with other medical or
neurological conditions such as cerebral palsy, cystic
fibrosis, and rheumatic conditions were excluded.

For the search terms, see the Appendix.

Selection Process

In conducting this review, 1 author undertook the
database search (W.A.). First, titles and abstracts of articles
were screened independently by 2 authors (W.A. and D.J.)
to select the relevant studies meeting the inclusion
criteria. Any disagreement between the 2 authors was
discussed until consensus was reached. Next, full texts of
potentially relevant studies were obtained and reviewed
independently by 2 authors (W.A. and D.J.). Any
disagreements in scoring between the 2 authors were
resolved after consensus or discussion. If needed, a third
author was asked for advice (B.S.E.).

Data Extraction

Data extraction was conducted independently by 2
authors (W.A. and D.J.). For the first part of our study, we
extracted information as follows: publication details (first
author, year of publication, title, country); study design;
information regarding study methods (inclusion/exclusion
criteria for participants, recruitment of participants);
participant characteristics (number of participants, age);
tests for strength and anaerobic capacity; intervention
details, when present (name of intervention, aim of
intervention, number of intervention/control groups,
intervention components, duration of intervention,
primary and secondary outcomes, time points when data
were collected, intervention effects on primary and
secondary outcomes); and relevant author comments, for
example, sensitivity towards change and references for
psychometric properties of the tests used. For the second
part of the study, the following information was extracted
from the included studies: publication details (first author,
year of publication, title, country), information regarding
study methods (inclusion/exclusion criteria for
participants, recruitment of participants, study design),
participant characteristics (number of participants, age,
country), tests for strength and anaerobic capacity used,
and statistics regarding psychometric properties.

Quality Assessment Psychometric Properties

The quality of psychometric properties is a 3-step
procedure according to COSMIN.”” COSMIN is commonly
used in systematic reviews regarding measurement
properties. The first step is to assess if the study uses the
right methodology for a specific psychometric property
and qualify the design as very good, adequate, doubtful,
inadequate, or not applicable. The second step is to rate
the psychometric properties of the specific test based on
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that study. The third step is combining the methodological
quality of the studies, including studies rated at least
“adequate,” with the rated psychometric qualities of the
test based on the robustness of the evidence.

Methodological quality assessment of included studies.
The selected studies were investigated independently by 2
reviewers (W.A. and D.J.) for methodological quality by
using the risk of bias checklist of the COSMIN.” The
COSMIN risk of bias checklist consists of 9 boxes (content
validity, structural validity, internal consistency,
cross-cultural validity, reliability, measurement error,
criterion validity, construct validity, and responsiveness),
each describing the methodological quality to study that
specific measurement property. The scoring of each item
in those boxes is conducted using a 4-point rating scale
indicating if the methodology used for the item in that
box was inadequate, doubtful, adequate, or very good.
Per box, the “lowest” rating leads to the conclusion of that
specific box.

Criteria for evaluating psychometric properties of
included tests. In step 2, we rated the researched
psychometric properties of a specific test (for instance the
reliability) based on the results of a study using the criteria
for measurement properties as described at the COSMIN
website.”” Scores could be positive (+) when meeting all
the described criteria for that property, negative (—) when
the criteria were not met, or indeterminate (?) when
information was lacking or unclear (Tab. 1).*

Summarized Evidence

In Step 3, we summarized the available evidence by
combining the methodological quality of the studies (step
1) and the quality of the psychometric properties of the
test (step 2). In principle, an instrument with good
psychometric properties could be studied using an
inadequate design or inappropriate statistics. Therefore,
only studies with adequate or good methodological quality
were used in this summary.” By performing this 3-step
procedure, it is possible to draw conclusions because
psychometric evidence reported was gathered in studies
using the right methodology for that specific property.

Results

Part 1

In the first search, we identified 1075 papers in the
different databases and another 8 by manual search.
Duplicates were removed and titles and abstracts reviewed
by 2 reviewers to determine if the study contained
field-based tests for strength and anaerobic capacity in
children with DCD. After reading the full text of the
remaining 66 papers, 43 papers were excluded because
they did not meet the inclusion criteria (2 reviews, 6
different population, 8 did not compare DCD and TD, 1
was not a primary study, 26 studies did not use field-based
tests or strength/anaerobic capacity tests). Finally, 23

studies were included (Suppl. Fig. 1). Four of the 23
studies were intervention studies with pre- and posttest
measurements with children with DCD and children
with TD.»*-%

The results of the different studies are reported in Table 2.
In 21 of the 23 studies, differences in performance
between children with DCD and children with TD were
found. The measures used were able to discriminate
between these 2 groups of children, supporting the
known group validity of the measures.

Part 2

In the second search, we identified 660 papers and 1
paper by manual search. After reviewing the titles and
abstracts, 599 studies were excluded for not meeting the
inclusion criteria. Two reviewers (W.A. and D.J.) read the
full texts of the remaining 62 studies and excluded another
28 studies because they did not meet the inclusion criteria
(8 reviews, 3 wrong age, 2 test manuals, 7 studies did not
use field-based tests or strength/anaerobic capacity tests, 5
did not include psychometric properties, 3 studies were
not available) (Suppl. Fig. 1).

Methodological Quality of Included Studies

The 34 included studies were assessed for methodological
quality using the COSMIN risk of bias checklist. Initially,
there was a 73% agreement on the methodological quality
between the 2 reviewers (W.A. and D.J.). After discussion,
100% consensus was reached. Of all the COSMIN boxes
scored (content validity, structural validity, internal
consistency, cross-cultural validity, reliability,
measurement error, criterion validity, construct validity,
and responsiveness), 73% of the studies had adequate to
very good quality and 27% scored as doubtful or
inadequate. Of the 34 studies, only 18 studies could be
scored on the box for measurement error, resulting in the
score of 10 studies as very good, 3 studies as adequate, 1
study as doubtful, and 4 studies as inadequate. Table 3
shows the methodological qualities of the different study
designs to examine the psychometric properties according
to the risk of bias checklist of COSMIN.

Criteria for Evaluating Psychometric Properties of
Included Tests

Tables 4 and 5 show the results of the psychometric
properties per test. Initially, 78% agreement was reached
between the 2 reviewers (W.A. and D.J.) on the criteria for
good measurement properties. After discussion, 100%
consensus was reached.

Population. In the 34 studies in part 2 of our review,
12,450 children with TD and 129 children with DCD were
included (aged 4-18 years). Of these 34 studies, only 7
studies included children older than 12 years. The studies
were performed in 11 different countries (China, France,
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Table 1.
Quality Criteria for Measurement Properties® %

Psychometric Property Positive (+)

Indeterminate (?) Negative (—)

Reliability ICC > 0.70 Kappa > 0.70

ICC or Kappa not reported ICC < 0.70 Kappa < 0.70

Measurement error SDC or LoA < MIC

MIC not defined Criteria + not met

Content validity All items refer to relevant aspects of
construct to be measured AND are
relevant for target population AND for
purpose of measurement instrument
AND together comprehensively reflect

construct to be measured

Not all information for + provided Criteria 4 not met

Structural validity Unidimensionality: First factor >20%
of variability AND ratio of variance

explained by first to second factor >4

Not all information for + provided Criteria + not met

Internal consistency Positive structural validity AND

Cronbach’s alpha >.7 and <.95

Not all information for + provided OR Criteria 4 not met
conflicting or negative evidence for

structural validity

Criterion validity Rationale for golden standard is clear
AND correlation with gold standard

>0.70

Not all information for + provided Criteria + not met

At least 75% of results accord with
hypotheses

Construct validity

No correlation with instrument
measuring same construct AND no
differences between relevant groups
reported

Criteria + not met

At least 75% of results accord with
hypotheses

Responsiveness

No correlations with changes in Criteria 4+ not met
instrument measuring related
construct AND no differences between

changes in relevant groups reported

“ICC = interclass correlation; LoA = limits of agreement; MIC = minimal important change; SDC = smallest detectable change.

the Netherlands, Colombia, United States, Spain, Canada,
Greece, Norway, South Africa, Australia) on 5 different
continents.

Strength and anaerobic capacity tests. The different
tests were divided into isometric strength, muscle power,
muscle endurance, sprint test, and test batteries. The
psychometric properties are reported in Tables 4 and 5.
Structural validity was reported in only 2 studies. It was
investigated for the Functional Strength Measurement
(FSM; 64% explained by 1 factor) with positive results
and for the Bruinninks Oseretsky Test-Short Form
(BOT-SF)’' with negative results.

46

Table 6 provides the summarized evidence of the different
measures based on methodological quality (only studies
scored adequate or very good were included) and the
criteria of good measurement properties.

Discussion

The main aim of this systematic review was to (1) identify
field-based tests for strength and anaerobic capacity used
in studies comparing children with DCD and children
with TD, (2) examine the methodological quality of
studies reporting psychometric properties and rate the

psychometric properties of the examined test, and (3)
summarize the available evidence by combining the
methodological quality of the studies and the quality of
the psychometric properties of the test.

First, it was concluded that, although there have been
many studies investigating physical fitness in children
with DCD, information about the psychometric properties
of the tests used to assess children with DCD is lacking.
The importance of the psychometric properties in a
specific target group is highlighted in the only study of
children with DCD.” In this study, differences in the
psychometric properties were found between a TD and a
DCD group. Pathophysiological constraints in children
with DCD may have influenced test performance."" The
difficulties children with DCD experience with balance,

coordination, and fast repetitive movements may influence
the reliability and especially the validity of a measure. One

must consider that movements with a change in direction
are more challenging for children with DCD compared
with children with TD. Therefore, evidence-based
recommendations for strength and anaerobic capacity
measures cannot be made for children with DCD.

Secondly, it was concluded that psychometric properties
of strength and anaerobic capacity field-based tests have
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Table 6.
Overview of Psychometric Criteria Found in Studies (With Adequate or Very Good Methodological Quality) for Anaerobic
Capacity and Muscle Strength Measures in TD Children and Children With DCD*

Measure CNT Structural Validity | Internal Consistency Reliability| ME | CON | CRI

Isometric strength

HHD + NA NA + ? ?

Hand dynamometer ? NA NA + ? NA

Jamar hydraulic dynamometer NA NA NA + NA NA ?
DynEx electronic hand NA NA NA NA NA NA ?
dynamometer

Lafayette Manual Muscle NA NA NA + NA NA NA
Testing

Muscle endurance

Back extensor NA NA + ? NA +/— NA
Pull-up NA NA NA + NA ? NA
Modified pull-up NA NA NA ? ? NA NA
Push-up ? NA NA + ? NA —

Bent knee push-up NA NA NA + NA + NA
Sit-up NA NA NA + NA + NA

Muscle power

Standing long jump/standing NA NA NA + ? NA +/—
broad jump

Medicine ball pushing NA NA NA + NA NA -
Basketball throw ? NA NA + ? NA -

Anaerobic sprint tests

MPST/RAST + NA NA + (DCD-) ? + +
10 x 5 m sprint + NA NA DCD+ DCD? + NA
10 x 5 m slalom + NA NA DCD+ DCD? + NA
BOT-2 item SR + NA NA DCD+ DCD? + NA
Test battery

FSM + + + + ? + NA
Test battery NA NA + + ? + NA
ALPHA health-related fitness + NA NA ? ? NA NA
test battery
BOUGE health-related fitness + NA NA + ? NA NA
battery
Fitnessgram NA NA NA - NA NA ?
Fitness test battery + NA NA + ? + NA
AAPHER NA NA NA ? NA NA NA
BOT-2 SF (strength items) NA - NA +/— NA NA NA
SMST NA NA NA NA NA + -
Resistance Training Skills NA + + + ? ? NA
Battery for Children

4= positive psychometric criteria, — = negative psychometric criteria; ? = indeterminate psychometric criteria; AAPHER = American Alliance Testing

for Health, Physical Education, Recreation and Dance; BOT-2 = Bruininks-Oseretsky Test of Motor Proficiency-Second Edition; CNT = content validity;
CON = construct validity; CRI = criterion validity; DCD = developmental coordination disorder; FSM = functional strength measurement; HHD = hand-held
dynamometer; ME = measurement error; MPST = muscle power sprint test; NA = not available; RAST = running-based anaerobic sprint test; SMST = simple
muscle strength test; SR = shuttle run; TD = typically developing.
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Strength/Anaerobic Capacity Tests: Pediatric DCD

also not been well investigated in children with TD.
Specifically, information regarding validity and
responsiveness is lacking. If tests are psychometrically
sound for TD, this may or may not be the case for
children with DCD. So even if this information were
available for children with TD, the results in children
with DCD may be different. Therefore, we strongly
suggest research is performed with children with DCD
as participants on the psychometric properties of test
that already can be recommended for children with TD.

Based on the available evidence about measurement
properties from well-designed studies, we made the
following recommendations regarding field-based tests to
assess strength and anaerobic capacity in children with
TD and children with DCD.

Isometric Strength

Overall, one can conclude that dynamometry is a reliable
and valid way to provide quantifiable measurements of
the isometric strength of a muscle (group). The reliability
and validity of the different dynamometers proved to be
sufficient to measure strength in children with TD®*"*
aged between 4 to 17.5 years, preferably using the “make”
test of the hand-held dynamometer (HHD).®* The
reviewed evidence supported the recommendation by
Castro-Pinero et al (2010) to perform the hand-grip test
with the elbow extended for manual isometric strength
testing in children.*

Although research regarding responsiveness was not
found, the HHD was used in several intervention studies
in children with DCD.****** The study of Bonney et al
(2018a), which focused on improving the levels of
physical fitness, reported significant changes in HHD
scores, while the study of Ferguson et al (2013), which
focused on skill learning, did not. It could be that
intervention following the American College of Sports
Medicine (ACSM) strength training guideline, like the
neuromotor task training and Wii training by Bonney et al
(2018a), lead to better effects in isometrically measured
strength. Since information regarding measurement error
and responsiveness is missing, the evidence of significant
changes should be taken with precaution until it is known
whether the HHD is sensitive enough to measure change
in children with DCD.

Based on our evaluation of the evidence, we recommend
the use of HHD to measure isometric strength in children
with TD. This instrument offers an assessment of strength
that does not require coordination or agility, which may
be appropriate for the use in children with DCD. On the
other hand, testing strength within an activity may be
more ecologically valid. No evidence is available to allow
specific recommendations for the use of HHD in children
with DCD.

Muscle Endurance

There are several single test items for muscle endurance
used in studies of children with DCD compared with their
peers who are TD; in addition, different test batteries
include muscle endurance items. The psychometric
properties of some of these test items and test batteries
were investigated in children with TD, but not in children
with DCD. Combining the methodological quality
(adequate, good, very good) with the analyses of the
psychometric properties of the single test items suggests
that push-up and bent knee push-up are reliable tests to
measure muscle endurance in children in the age range of
6 to 17 years*** and the construct validity of the bent
knee push-up is valid® in children with TD between 4 and
12 years.

Items testing muscle endurance are also present in test
batteries such as the FSM (lateral step-up, sit-to-stand test,
lifting a box, and stair climb test), the test battery
(jumping a distance of 7 m on 2 feet and 1 foot and
climbing wall bars), the Fitnessgram (curl-up, flexed arm
hang, push-up, and trunk lift), Bruininks-Oseretsky Test of
Motor Proficiency-Second Edition (BOT-2; sit-up, push-up,
wall sit, v-up), the simple muscle strength test (knee bent
push-up, sit-up), and Resistance Training Skills Battery for
Children (RTSBc) (push-up, step-up, body-weight squat,
standing overhead press, front support with chest touches,
suspended row). The summarized evidence showed that
the FSM (4-10 years), test battery (5-12 years), and RTSBc
(6-12 years) are reliable and valid measures to use in
children with TD. Importantly, movements with fast
concentric and eccentric contractions like push-ups may
be more difficult for children with DCD to perform. The
question for many tests remains whether they are
measuring muscle endurance or the ability to anticipate
fast directional changes, which is known to be
compromised in children with DCD.***

Although information about responsiveness is lacking,
some test batteries have been used in different
intervention studies in children with DCD (FSM, BOT-2
subtest strength), showing significant improvement.”-***
However, it is still unknown whether these tests are
sensitive enough to measure significant change after
intervention beyond the minimal important change or
measurement errors, which requires clinicians and
researchers to be careful in drawing conclusions.

Muscle Power

There are several single test items for muscle power used
in comparative studies of children with DCD and children
with TD. The vertical jump (6-18 years), standing long
jump (3-12 years),” %% and medicine ball throw

(5-6 years)™ were investigated in TD and shown to be
reliable and the different jump tests were also valid.> %
The validity of the five-jump test, triple-hop distance, and
jump-and-reach test were not investigated in children with
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Strength/Anaerobic Capacity Tests: Pediatric DCD

DCD. However, these are good examples of movements in
which not only muscle power but also technique and

coordination are important performance components and
may therefore have different validity in children with DCD.

Items measuring muscle power are also present in
different test batteries such as the FSM* (overarm
throwing, standing long jump, underarm throwing, and
chest pass), the test battery® (standing broad jump and
pushing a medicine ball), the ALPHA health-related fitness
test battery”’® (standing long jump and vertical jump), the
BOUGE health-related fitness battery” (basketball throw
and standing long jump), the Fitness test battery battery®
(standing broad jump and 20-m sprint), and the American
Alliance Testing for Health, Physical Education, Recreation
and Dance” (standing long jump and softball throw). The
summarized available evidence showed that the FSM
(4-10 years), BOUGE health-related fitness battery

(8-16 years), fitness test battery (3—6 years), and test
battery (5-12 years) are reliable measures to use in
children with TD. The construct of the FSM, test battery,
fitness test battery, and simple muscle strength test’” were
shown to be valid in children with TD. So far, only the
upper limb section of the FSM, specifically for measuring
muscle power, has been recommended by Bieber et al
(2016); however, this recommendation was based on only
2 identified studies of children with DCD.*

Although information about responsiveness is lacking for
all the tests, children with DCD showed improvement after
intervention on HHD, standing long jump, 5-jump test,
triple-hop distance, muscle power sprint test (MPST), FSM,
and BOT-2 subset running speed and agility have been
used in different intervention studies.”’~****~* This indicates
that these measures may be sensitive to detect change,
but again it is essential to draw conclusions carefully.

Sprint Tests

In children with TD aged 6 to 18 years, the MPST and
repeated anaerobic sprint test (RAST) have been found to
be reliable®>*”” and valid.”** Known group validity of the
MPST has been investigated in different ways. In the study
by Douma et al (2012), high-sport participation showed
significantly higher mean power compared with moderate
or low sport participation.* Other studies compared
children with TD with children with DCD. In contrast,
most studies showed no significant differences between
children with DCD and their peers with TD'"*"** except
for 1 study that did find significant group differences.’®
This lack of differences was ascribed by the authors to the
fact that the data were collected in lower social economic
areas in South Africa. In these areas, participation in
sports and outdoor activities is more difficult for all
children, which may explain the lower performance on
the MPST for children with TD, similar to the performance
of the children with DCD. One study was found that
included psychometrics properties of field-based tests for

strength and anaerobic capacity in children with DCD.

In this study, the shuttle run test (sub-item running speed
and agility of BOT-2) and the 10 m x 5 m (10 x 5 m)
sprint tests (straight and slalom) were found to be reliable
and valid.** However, in children with DCD, no significant
or low intraclass correlation coefficients were found on
the MSPT/RAST. This was explained by greater variance in
performance especially at the first recording of the
test-retest trials.”® Responsiveness was also investigated.
The 10 x 5 m sprint and the 10 x 5 m slalom sprint were
found to be responsive to change.”

The MPST/RAST was considered to be an appropriate

test for children with TD. For children with DCD, we
recommend the shuttle run test (sub-item of running speed
and agility of BOT-2) and the 10 x 5 m sprint tests (straight
and slalom) albeit based on the results of only 1 study.

Recommendations

Generally, we can conclude that information regarding the
psychometric properties of field-based tests for strength
and anaerobic capacity in children with DCD is lacking. It
is important to investigate the psychometric properties in
a specific target group because attributes of that specific
group, such as a lower level of coordination, may
influence the outcomes. For children with TD, more
information on the psychometric properties of tests is
available but still incomplete, as our results show.
Particularly, information concerning the validity and
responsiveness is often missing. Measurement error is
described for some items and most test batteries, but
information about the minimal important change is
absent. Furthermore, the most frequent age range studied
lies between 6 and 10 years. Hence, the psychometric
properties of most measures have not yet been tested in
children in the full age range for which they are intended,
and this should be taken into account when interpreting
the results. In future studies, when evaluating the
psychometric properties for strength and anaerobic
condition in children with DCD, it might be of interest to
determine if the severity of the motor coordination
problems or co-morbidity influences the validity or
reliability.

Based on our review, we are able to make
recommendations for the use of strength and anaerobic
capacity measures that have good reliability and validity in
children who have TD. The following tools have shown to
have the best psychometric qualities in children with TD:
HHD for isometric strength; bent knee push-up, FSM, test
battery, and RTSBc for muscle endurance; and vertical
jump, standing long jump, FSM, and fitness test for muscle
power.

For children with DCD, only the shuttle run item of the
BOT-2 and the 10 x 5 m sprint (straight and slalom) were
investigated and are the best choices at this moment.
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For all the other strength and anaerobic capacity tests,
information is lacking. We highlight that it is important to
keep this lack of evidence for the validity and reliability of
the outcomes for this target group in mind. As pediatric
physical therapists need to measure strength and
anaerobic fitness in children with DCD in everyday
clinical practice, we advise that in the interim the most
valid and reliable tools tested in children with TD should
be used until more evidence becomes available. However,
clinicians should be aware that results obtained using
tests that have shown to be valid and reliable in children
with TD may not have the same properties in children
with DCD; thus, results should be interpreted carefully
and, if possible, verified by different sources. The
preferred tests suitable for children with DCD should
include different types of strength and power but with
low requirements for coordination.

This review showed that there is an urgent need to
investigate the psychometric properties of the
above-mentioned field-based tests in children with DCD,
because outcomes of these tests are used in clinical
practice for diagnostic and evaluative purposes.
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Appendix

Search Terms

Step 1
Keywords target population

DCD, developmental coordination disorder, motor
development problems, Motor Skills Disorders, clumsy
child syndrome, minimal brain dysfunction, clumsiness,
clumsy, minimal brain dysfunction, minor neurological
dysfunction, motor delay disorder, motor coordination
difficulties, motor learning difficulties, motor coordination
problems, mild motor problems, sensorimotor difficulties,
sensory integrative dysfunction, physical awkwardness,
physically awkward, psychomotor disorders, apraxia,
developmental dyspraxia, perceptual motor dysfunction,
perceptual-motor impairment, non-verbal learning
disability, non-verbal learning disorder, coordination
disorder, motor proficiency, low motor competence, motor
impairment, motor difficulties

Keywords construct of interest

Anaerobic, anaerobic capacity, anaerobic endurance,
endurance, strength, muscle strength, isometric strength,
muscle force, muscle power, functional strength, physical
fitness.

Step 2

Keywords target population
Child

Keywords construct of interest
All the measurements and tests from step 1

Measurement properties

(structural, construct, content, convergent, discriminative,
criterion) validity, internal consistency, (interrater,
intrarater, test-retest) reliability, responsive(ness),
measurement error, sensitivity, specificity, psychometrics
(properties)
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