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ABSTRACT
Introduction. Balance is one of the main
problems of children with developmental
coordination disorder (DCD). According to
process-oriented approach, besides strength
training, neuromuscular adaptations can
improve balance.
Objective. To evaluate the effects of strength
training on improving static and dynamic balance
in DCD children.
Methods and population. Children between
7 to 9 years old in Tehran participated in the
study through randomized controlled trial
design. Subjects were randomly divided into
two experimental (n = 15) and control (n=
15) groups. The participants exercised for 12
weeks and 24 sessions. The experimental group
received strength training using flexible Theraband elastic exercise and control group received
routine exercises in physical education class.
Isometric strength of hip abductor muscles and
plantar flexors were measured using hand held
dynamometer, and Bruininks-Oseretsky Test of
Motor Proficiency, Second Edition (BOT-2) was
used for measurement of static and dynamic
balance. Data were analyzed using independent
and paired sample t-tests.
Results. Strength training significantly increased
muscle strength in DCD children (P <0.001)
and improved their static balance performance
(P <0.05); however, these exercises had no
significant effect on their dynamic balance
performance (P >0.05).
Conclusion. The strength training leads to static
balance improve in DCD children. There was not
an improvement in dynamic balance through the
strength training in these children.
Key words: process oriented, resistance training,
developmental coordination disorder, postural
balance.
http://dx.doi.org/10.5546/aap.2016.eng.526

INTRODUCTION
Children with developmental
coordination disorder (DCD) are
those children who do not develop
the proper movement patterns
coordinated with their age.1 Balance
and postural control are two major
problems in DCD children. 2,3 The
approaches used to treat DCD

children can be divided into two
main categories: bottom-up and topdown. 4 Bottom-up approaches (i.e.
process-oriented approach) are based
on improving underlying deficits
and facilitating the growth and
neuromaturation, with the assumption
that there is direct correlation between
underlying processes and functional
performance.5 The process-oriented
approach is based on the assumption
that the correct motor function
is the result of proper function of
neuromuscular system.6,7 According
to the hypothesis of process-oriented
approach, improving body functions
such as sensitive integration,
kinaesthesia, muscle strength, core
stability, visual- motor perception
and functions similar to them leads to
better performance skills.4,8,9 Therefore,
strength training may be considered
as a process-oriented intervention
method, if it is done with the aim of
increasing involved muscle strength.10
Extended studies showed the
positive effects of strength training
programs on enhancement of
muscle strength and improvement
of balance in children with Down
syndrome,11 patients suffering from
Parkinson’s disease, 12 children with
cerebral palsy 13 and the elderly. 14
Also some case studies found that
strength training improved the muscle
strength; gross motor function and
proprioception, 15 motor functions 16
and performance of gross motor
skills17 of DCD children. But a series of
studies had contradictory results; they
reported no significant correlation
between postural control and muscle
strength and concluded that postural
control and muscle strength are
independent from each other.18-21
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The treatment of balance problems in
DCD children is important. 22 Furthermore,
the conflicting and different views in research
findings related to the effect of strength training
on balance led to the present study with the
objective to evaluate the effects of strength
training on improving strength and static and
dynamic balance in children with DCD.
POPULATION AND METHODS
Study design: randomized controlled clinical
trial, single-blind, pre and post-test assessment
with a reference group.
Randomization was performed by an
independient researcher who was not involved
in the process of inclusion of subjects. A table
of random numbers was used to generate the
allocation sequence to the experimental or the
control group. Concealed allocation was ensured
by using opaque sealed envelopes.
We screened 475 volunteer children, aged 7
to 9 years, from two primary schools in Tehran,
Iran. This study was done at indoor gym of
their schools between Jan 2016 to Mar 2016.
The inclusion criteria were: diagnosis of DCD
based on the Diagnostic and Statistical Manual
of Mental Disorders- IV,1 having chronological
age of 7 to 9 years, having symptoms of DCD
and a normal IQ (above 75). Exclusion criteria
were having attention deficit/hyperactivity
disorder (ADHD) symptoms, not regularly
participating in the training sessions, having
severe neurological, musculoskeletal and vision
problems as diagnosed by a psychologist and a
physician.23
Written informed consent was obtained from
each participant and parent before the screening
and data collection. The minimal effect size for
motor training (group training) in improving
the motor proficiency of persons with DCD is
0.54. Therefore, a sample of 29 participants was
necessary to achieve a statistical power of 0.8 in
pretest and post-test measurements of two DCD
groups with the alpha level set at 0.05.3 This study
was approved by the research ethics committee
of Mashhad University of Medical Sciences.
Variables and tools
Isometric muscle strength of hip abductors
and plantar flexor were intended variables for
evaluate muscle strength. Static and dynamic
balance performances of participants with open
and close eyes were variables that evaluated
balance proficiency.

Height, weight and body mass index
measurement: The height of children were
measured 2 times using a wall mounted
stadiometer with accuracy of 0.1 cm and in
standing position without shoes. Participants’
weights were measured in minimal clothing using
Seca digital scale (769G21 model, Germany) with
the accuracy of 0.1 kg. Body mass index (BMI)
was calculated using the standardized equation
(mass/height [in kilograms per square meter]).24
Movement Assessment Battery for Children-2
(MABC-2). In this study, Age band 2 (7 to 10
years) was utilized for screening the participant.
Typically, children obtaining scores below the 15
percentile meet diagnostic criteria. The MABC-2
test has acceptable validity and reliability. Interrater reliability ranges from 0.92 to 1.00 and the
test–retest reliability from 0.62 to 0.92.22
Hand-held dynamometer (HHD). To assess
the strength of hip abductors and plantar flexor
a dynamometer fixed by hand made by J Tech
Medical Company (Salt Lake City, US) was
used. The assessment was done according to the
manual of device (Commande Power Track II).
Hand-held dynamometers are frequently used
as a valid instrument in various researches for
measuring the strength of children’s lower limb
muscles.16
Bruininks-Oseretsky Test of motor proficiency
(BOT-2). The BOT-2 covers the age range of 4 to
21 years old. The BOT-2 balance subset includes
9 separate tasks, of which 4 are performed with
eyes open, and then eyes closed. The BOT-2 test
has a sufficient test–retest reliability of 0.85 and
inter-rater reliability of 0.98. There is also strong
support for adequate construct validity.22
Interventions
The participants attended two 60 min session
of strength training (experimental group) or
ordinary physical education (control group)
held at their physical education (PE) class per
week for 12 consecutive weeks (24 sessions).
The regular PE teacher and a Certified Strength
and Conditioning Specialist who had experience
in training with children provided instruction
every class. Participants in control group did
not perform strength training but attended their
regular PE class twice per week (Sunday and
Tuesday) during the study period in a different
class by the same time that experimental group.
All measurements were made by two persons
who are expert in muscle strength testing and
procedure of BOT-2 and MABC-2.
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The strength training program was designed
based on the method recommended by American
Academy of Pediatrics which is a moderate load
training program.24 The strength training protocol
emphasized strengthening the core muscles
and lower limb muscles involved in static and
dynamic balance included: leg abductors and

adductors, knee flexor and extensors, abdominals,
back extensors and plantar flexors.17,25 Strength
training program in which Thera-Band® elastic
bands were used with the consideration of body
weight in supine or prone positions17 was chosen
and programs including free weight training and
weight machines were not applied (Figure 1).

Figure 1. Plan of strength training. a: Supine position unilateral hip adduction; b: Side-lying hip abduction; c: Seated unilateral
knee extension; d: Standing position unilateral knee flexion; e: Standing bilateral heel raises; f: Supine position bridging
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of 15 children every one (experimental and
control groups) and participated till the end of
the study.
Descriptive information about the distribution
of gender, age, height, weight and BMI of the
participants in the study are presented in Table
2. The mean and standard deviation scores in
variables of muscle strength and motor skills at
pre-test and post-test of the two groups showed
in Table 3.
The results of Shapiro Wilk test indicated
the normal distribution of balance and muscle
strength variables in two groups (p >0.05).
Independent sample t-test between the two
groups in pre-test showed that there was no
significant difference in isometric muscle strength
and balance variables (P <0.05). The comparison
between the mean scores of pre-test and post-test
muscle strength with paired sample t-test showed
that strength training program significantly
increased isometric strength of hip and dorsiflexor
muscles (Table 3).

Table 1 outlines the structure and content of the
strength training program. Participants performed
2 sets with 10 repetitions on all primary exercises
first week and during the 12 week training period
they progressed from 2 to 3 sets and from 10 to 15
repetitions on the exercise.
Statistical analysis
The collected data were analyzed through
descriptive statistic (mean and standard
deviation), ensuring data normal distribution
by Shapiro Wilk test and then independent and
paired sample t-test with (α= 0.05) as well as SPSS
software version 18.
RESULTS
We screened 475 volunteer children, aged 7
to 9 years; 56 children had symptoms of DCD; 4
of these children based of their parents’ opinions
(their disagreement to participate) and 22 children
due to having ADHD symptoms were excluded.
The rest was distributed randomly in two groups

Table 1. Strength training schedule’s of experimental group
Exercise Week 1
1
2
3
4
5
6

†

2*10
2*10
2*10
2*10
2*10
2*10

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

3*10
3*10
3*10
3*10
3*10
3*10

3*10
3*10
3*10
3*10
3*10
3*10

3*12
3*12
3*12
3*12
3*12
3*12

3*12
3*12
3*12
3*12
3*12
3*12

3*10
3*10
3*10
3*10
3*10
3*10

3*15
3*15
3*15
3*15
3*15
3*15

3*15
3*15
3*15
3*15
3*15
3*15

3*12
3*12
3*12
3*12
3*12
3*12

Week 10 Week 11 Week 12
3*15
3*15
3*15
3*15
3*15
3*15

3*15
3*15
3*15
3*15
3*15
3*15

3*15
3*15
3*15
3*15
3*15
3*15

† Type of exercise according to; 1: Supine position unilateral hip adduction; 2: Side-lying hip abduction;
3: Seated unilateral knee extension; 4: Standing position unilateral knee flexion; 5: Standing bilateral heel raises;
6: Supine position bridging.

Table 2. Descriptive information’s of participants in this study
Group

N

Boy

Girl

Weight (kg)

Height (cm)

Age (years)

BMI (kg/m2)

Experimental
control

15
15

10
12

5
3

26.33 ± 3.51
25.00 ± 2.26

120.93 ± 2.78
119.60 ± 3.135

8.01 ± 0.54
7.70 ± 0.63

26.33 ± 3.51
25.00 ± 2.26

Table 3. Paired sample t test for compare the pre to post-test isometric muscle strength
group
		

Pre test
Mean (SD)

Post test
t
P
df
Mean (SD)				

hip abduction

7.15 ± 1.23
7.51 ± 1.16
8.62 ± 1.16
7.98 ± 1.01

9.86 ± 1.28
7.45 ± 1.21
10.95 ± 1.34
7.81 ± 0.66

dorsi flextion
* (p <0.05)

Experimental
control
Experimental
control

-8.703
0.460
-8.081
0.956

0.0001*
0.653
0.0001*
0.355

14
14
14
14

Std. Error
Mean
0.31033
0.13918
0.28881
0.18474
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In order to see the effect of strength training
on static and dynamic balance, the mean scores
of pre-test and post-test were compared by paired
sample t-test (Table 4). The results showed that
resistance training significantly increased the
performance of DCD children in standing on
a line, standing on one leg on a line, standing
with feet apart on a line (eyes close), standing on
one leg on a balance beam and standing heel-totoe on a balance beam but this exercise had no
significant effect on dynamic balance items.
The results of independent sample t-test in
post-test showed significant differences between
the two groups in standing on a line (t= 2.054, p=
0.049), standing on one leg on a line (t= 2.442, p=
0.021), standing on one leg on a balance beam (t=
3.848, p= 0.001).
DISCUSSION
The present study aimed to determine the
effect of strength training on improving static
and dynamic balance in children with DCD. The
results showed that strength training program
can increase muscle strength in DCD children.
This finding was consistent with some previous
researches on DCD 15,16 but was not consistent
with reports of Menz et al.17 However, the child
under study in the work of Menz et al.,17 was a

7-year-old girl who had apraxia, hypotonia and
motor delay symptoms besides developmental
coordination disorder. In addition, her training
program was conducted with the use of machine
weights strength training. So it can be said that the
difference in the level and severity of disorders
of subjects in these two studies and different
models used in them are the main reasons of
inconsistencies between present study and the one
carried out by Menz et al.17 Strength development
consists of the coordinated function of neural,
muscular and metabolic systems. The adaptations
occurred as the result of strength training and led
to an increase in maximum strength including
neural adaptations such as increasing motor unit
recruitment, involving motor units in agonist
muscles, more frequent stimulation of motor units,
autogenic inhibition by Golgi tendon, increasing
neuromuscular cooperation and muscular
adaptations such as increased muscle crosssectional area and changes in muscle structure.26,27
In the early stages of strength training in children,
the dominant mechanisms for increasing strength
are neural adaptations.28 Therefore it is possible
that some specific neural adaptations which
occur in muscle due to increasing inter and intra
muscular coordination have led to increased
strength in the subjects of the study.29

Table 4. Compare mean of scores between pre to post-test in static and dynamic balance
group
		

Pre test
Mean (SD)

Post test
t
P
df
Mean (SD)				

Standing on a line

Experimental
control

4.13 ± 0.83
4.01 ± 1.00

4.80 ± 0.86
4.13 ± 0.91

-3.568
-0.619

0.003*
0.546

14
14

0.187
0.215

Walking forward
on a line

Experimental
control

3.73 ± 0.96
4.20 ± 1.01

4.00 ± 1.13
3.93 ± 0.70

-0.845
1.169

0.413
0.262

14
14

0.316
0.228

Standing on one leg
on a line

Experimental
control

2.93 ± 0.96
3.47 ± 1.12

4.40 ± 0.83
3.67 ± 0.82

-7.643
-1.382

0.0001*
0.189

14
14

0.192
0.145

Standing with feet apart
on a line (eyes close)

Experimental
control

3.07 ± 0.79
2.93 ± 0.59

3.67 ± 0.82
3.33 ± 0.72

-2.201
-1.572

0.045*
0.138

14
14

0.273
0.254

Walking forward on
a line (heel to toe)

Experimental
control

3.00 ± 0.75
3.40 ± 0.73

2.93 ± 0.59
3.00 ± 0.65

0.367
1.702

0.719
0.111

14
14

0.182
0.235

Standing on one leg
on a line (eyes close)

Experimental
control

2.07 ± 0.79
1.87 ± 0.64

2.13 ± 0.64
2.00 ± 0.53

-0.564
-1.468

0.582
0.164

14
14

0.118
0.091

Standing on one leg
on a balance beam

Experimental
control

2.73 ± 0.70
2.60 ± 0.83

3.87 ± 0.74
2.80 ± 0.77

-4.141
-1.871

0.001*
0.082

14
14

0.274
0.107

Standing heel-to-toe
on a balance beam

Experimental
control

2.87 ± 0.64
3.20 ± 0.67

3.20 ± 0.67
3.27 ± 0.59

-2.646
-1.000

0.019*
0.334

14
14

0.126
0.067

Standing on one leg on a
balance beam (eyes close)

Experimental
control

1.67 ± 0.62
2.07 ± 0.79

1.73 ± 0.45
2.13 ± 0.64

-0.435
-0.367

0.670
0.719

14
14

0.153
0.182

* (p <0.05)

Std. Error
Mean
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Another part of the results showed
that strength training has led to significant
improvements in static balance of DCD children.
These findings were consistent with those of
Kaufman and Schilling, 15 Kane and Bell 16 and
Menz et al., 17 but not consistent with results
of Granacher and Gollhofer, 18 Granacher et
a l . , 19 a n d M c C u r d y a n d L a n g f o r d . 21 T h e
difference in results may be due to difference
in the participants, training programs and
balance measurement method. Although the
somatosensory and vestibular systems play an
important role in balance control,30 good postural
control depends on musculoskeletal biomechanics
system (stability and structure of the joint) as
well as proper neuromuscular control. In fact,
muscles through the joints control the balance
and muscles in the trunk, hip, knee and ankle
play an essential role in regulating the balance.31
Enoka 32 believes that the increase in muscle
strength through training can be the result of
changes in the neural mechanisms including
increased output of supraspinal centers, changes
in neural pathways that reduce the activity of
antagonist muscles, increasing the activity of
agonist muscles or effective communication
via inter-neuronal pathways. Specific neural
adaptations that occur in the muscles as the
result of strength training are due to increased
intra-muscular coordination, inter-muscular
coordination, or both. Intramuscular neural
adaptations include the activation of motor
units, firing frequency, synchronization of motor
unit firing, stretch reflex and inter-muscular
adaptations are activation of corresponding
(synergist) muscles and co-contraction of
antagonist muscles.33 So, one can conclude that
neuromuscular adaptations and improvement of
muscles and joints sensory functions occurred as
the result strength trainings and led to improved
static balance in the DCD children under study.
The results showed that strength training had no
significant effect on dynamic balance in children
with DCD. The results were consistent with
findings of Bohannon 20 on patients referred to
physiotherapy, Granacher and Gollhofer18 and
Granacher et al.,19 on prepubertal children but
were not consistent with results of Kaufman
and Schilling,15 Kane and Bell,16 Menz et al.,17 on
children with motor deficit. It can be said that,
this inconsistencies are due to different research
and balance assessment methods and difference
in level and severity of subjects’ disorder. Based
on Granacher and Gollhofer 18 findings, it can

be hypothesized that different neuromuscular
mechanisms are responsible for the regulation
of static and dynamic postural control. Thus,
it could be reasoned out that static posture
was regulated and controlled by visual and
proprioceptive information, whereas dynamic
posture was primarily organized by visual
information. Previous research showed that no
significant associations were found between
variables of postural control and muscle strength
in children18,19 and older adults.21 Granacher and
Gollhofer 18 were not able to detect significant
correlations between static and dynamic balance
control perturbation and isometric and dynamic
muscle actions. Based on our results and the
findings reported in the literature for different age
groups and testing methodologies,19,21 it seems
plausible to argue that postural control and muscle
strength are independent of each other18 and this
is contrary to the assumption of process oriented
approach.
The process of balance is based on two factors,
good sense and muscle function. Strengthening
muscles can improve their function; in fact,
balance is the result of interaction of sensory
components such as vestibular, visual and
proprioception systems which coordinates
the contractions of leg muscles.34 According to
Dynamic Systems Theory which recently has
become the basis of researches on movement and
balance, the ability to control body position and
balance in the space is the result of a complex
interaction among different muscular, skeletal
and neural systems and the importance of each
system is different according to its purpose of
movement and circumstances.21 In this model, the
central nervous system using data received from
visual, vestibular and somatosensory systems
becomes aware of body’s center of gravity and
supporting surface and activate preprogrammed
motor patterns as motor responses.35 To justify
this, one can say that since one of the tasks of the
vestibular system is resolving sensory conflicts
and this system has a poor function in DCD
children, 3 the dynamic balance task in these
children hasn’t been improved by mere strength
training and increasing the muscle strength.
Therefore regarding the type of task and function
of systems involved in it, the result confirms
the dynamic system theory. Lack of recorded
data on neuromuscular changes and function
of other parts involved in keeping balance such
as vestibular system and cerebellum, as well as
small size of sample are some of limitations of the
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study, so generalization of the results of this study
should be done with caution.
CONCLUSIONS
The strength training leads to static balance
improve in DCD children. There was not an
improvement in dynamic balance through the
strength training in these children. n
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