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. Introduction: The main characteristics of Attention Deficit Hyperactivity Disorder (ADHD)
Article info: ¢ are the emergence of stability patterns of attention deficit, hyperactivity and impulsivity. These
Received: 10 Apr 2017 ¢ disorders affect the balance performance of the patients. The disorder has a relatively high
Accepted: 20 Sep 2017 prevalence in school—age?q chlldrep. The purpose of this review study is to investigate the
balance and postural abilities of children with ADHD.
Available Online: 01 Jan 2018

Materials and Methods: The objectives of this study were investigated by searching in the
Web of Science, Medline, PubMed and OTseeker databases. The articles with these criteria
were included in this study: published articles in English and Persian accredited journals; study
participants were school-aged children with ADHD; Articles with the aim of assessing the
participants’ balance skills, the rate of sway of the center of gravity and motor disorders in
children with ADHD. The articles were published between 2002 to March 2018. Finally, 18
eligible articles were met the inclusion criteria and reviewed.

Results: The 18 articles were entered to the study. The results of most of the articles show
disturbances in the balance and Sway of ADHD's children's center of gravity. Balance and
motor disorder in children with ADHD has a very high prevalence.

Conclusion: The simultaneity of this disorder with DCD and the presence of some defects

Keywords: . in the performance of cerebellar in these children are evident and confirms the presence of
Sway, Balance, ADHD, Motor ~ :  balance and motor control disorders in children with ADHD. The reason for the defects in the
deficit :  performance of some brain parts is not clear yet.

1. Introduction peractivity and impulsivity. The prevalence of ADHD

has been reported to be 9.5% to 11.4% in school-aged
ttention Deficit Hyperactivity Disorder children [1]. The prevalence rate differs in different ages
(ADHD) is a neurodevelopmental dis- and is 11.4% in ages from 6-12 years, 5% in 13-18 years
order in which the individual represents but decreases from 19 years to adolescence [1].

stability patterns of attention deficit, hy-
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Children with ADHD definitely encounter with some
problems in their daily activities [1, 2] and also school
activities [1]. In particular, they are mostly excommuni-
cated by peers and have lower self-esteem [1]. Children
with ADHD represent specific symptoms of hyperactiv-
ity such as excessive running and jumping, restlessness,
hate permanent situations, not tolerating waiting and
conformity, and impulsive movements without predict-
ing outcomes [1].

There are several hypothesis to analyze the causes of
ADHD. Structural differences have been observed in the
brain of children with ADHD. The frontostriatal, tempo-
parietal lobes, basal ganglia, corpus callosum, cerebel-
lum, thalamus and amygdala areas are included. There
are findings indicating the decrease of gray matter in the
right side of prefrontal area in elder children with ADHD
that can be associated with the weakness of these chil-
dren in controlling their motor behavior [2, 3].

Likewise, it was mentioned that cerebellum, caudate
nucleus, and prefrontal cortex areas are matured later [1].
These areas play an important role in attention, thought,
and motor planning [1]. Other hypotheses blame defects
in some neurotransmitters for the symptoms of ADHD
[2, 4]. In these children, the level of dopamine and nor-
epinephrine seems to be lower. Some drugs like meth-
ylphenidate [5] increase the level of dopamine in the
prefrontal area [1, 6].

Children with ADHD often have comorbidity with
psychiatric disorders such as autism spectrum disorder
or tic and also neurodevelopmental disorders like dys-
lexia or Developmental Coordination Disorder (DCD)
[7]. It is mentioned that more than 50% of children with
ADHD have DCD, and also more than half of the chil-
dren with DCD have criteria of ADHD [7]. This disor-
der is intervening with the educational development and
the daily activities of the child [7]. Even children with
ADHD who do not have DCD criteria show weaker mo-
tor performance compared to normal children [1].

Nearly half of the children with ADHD disorder also
experience a wide range of motor disorders including
gross and fine motor control problems [8] and problems
related to maintaining balance and motor coordination
[9]. Many aspects of these motor disorders such as tim-
ing, coordination, and amount of force [10] depend on
the performance of the cerebellum [11]. Studies indi-
cate a relation between motor patterns and symptoms of
ADHD disorder [2]. Motor and balance disorders in chil-
dren with ADHD associates more with attention deficit
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of these children than their hyperactivity and impulsivity
symptoms [10].

Balance control requires the integration of somato-
sensory, vestibular and visual information, and this in-
tegration is accomplished by the cerebellum, which is
known as a key processor [10]. Higher balance control
needs attention and processing of the central informa-
tion. Therefore, more than one subcortical net mecha-
nism is strongly related to the cognitive process [10]. In
a study, greater degree of sway of the center of gravity
in children with ADHD was recorded when performing
cognitive activities of auditory memory [12]. Two main
methods to diagnose the balance performance are mea-
suring the Center of Pressure (COP) displacement and
Sensory Organization Test (SOT) [10]. The purpose of
this study is to classify and integrate the results of studies
in this field.

2. Materials and Methods

In March 2018, the initial review was conducted on
the Web of Science, Medline, PubMed and Otseeker
search engines. The first search was conducted with this
words combination: balance in children with ADHD.
The following searches were done with balance and at-
tention deficit, sway and ADHD, and the motor deficit
in ADHD. The complementary Persian search was con-
ducted with combinations of balance and degree of sway
of the center of gravity in children with attention deficit
hyperactivity disorder.

The inclusion criteria of the study were as follows: The
full text of the published article in English and Persian
must be in valid journals, study participants should be
school-aged children with ADHD, the aim of evaluation
must be balance skills, the degree of sway of the center
of gravity and motor disorders in children with ADHD
and objective measurements should be used. Articles

must be published between 2002 and March 2018.

3. Results

At first, the author was responsible to investigate the in-
clusion criteria, and then the list of accepted and rejected
articles was investigated by the other members of the
expert group. In total, 68 articles related to the subject
were assessed out of the preliminary results. Of these ar-
ticles, 28 articles met the criteria, but after investigating
the quality of articles only 18 articles were entered to
the study (Figure 1). First, the articles were completely
studied by the first author and the points were extracted.
Afterwards, the articles were given to other authors to re-
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Data collection resources
Pubmed- Medline- Otseeker- Pedro

l

The number of included articles by the initial
search of title of expert group

68
Extracted articles based on the inclusion
criteria
40

Included articles based on the inclusion
criteria
28

l

Articles that did not have the appropriate
weight and quality according to the experts,
and were excluded

\

The articles that after inverstigation and
assessment had appropriate weight to be
included in the study
18

JMR

Figure 1. Diagram the process of selecting articles

served. However, the relationship between reaction time
and balance was observed both in normal children and
ADHD children [13].

view them according to their expertise and the relevant
items were completed (Table 1).

4. Discussion
Sudha et al. by studying 15 children with ADHD found

After investigating the relevant articles, the following
results were obtained:

Balance and ADHD symptoms

In Goetz study conducted on 62 children with ADHD,
children showed weaker performance in balance tasks.
These children have more sways from the center of
gravity [13]. Furthermore, falling rate of these children
down the balance board is more than that of normal
children [13]. The relation between balance scores and
severity disorder in children with ADHD was not ob-

that children with ADHD of severe combined type are
likely to exhibit a greater degree of motor and balance
disorders [14]. Both Dutra and Amini in their articles,
mentioned that the way children with ADHD walk and
precise analysis and recording the relevant parameters
can be used for detection and classification of ADHD in
the future [2, 15].

Kaiser et al. found that children with ADHD need
more time to plan their movements and need more on-
line control [1]. This study indicates that dynamic bal-
ance and fine motor skills are improved when children
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Table 1. Summarizes the characteristics of the studies included in this review article

. Stud
. Writer & Year v . Measurement .
Title N Sample/ Variables Main Results
of Publication Tools
Age
Comparative study of mobility .
quality and walking parameters in Amini B, 29 children Ba]ance of Difference in static bal-
; h with ADHD  walking param- Balance master N
children with ADHD and normal 2016 ance was significant
5-12 years eters
controls [2]
The comparison of postural con- -
trol skills under different sensory Amini B, 22 children Postural control Equei test D%%n;%?fleISEtgsiﬁpal
conditions in DCD children and 2016 with DCD q p
control defect
normal peers [7]
Effects of distractors on upright . ' Balance in children with
balance performance in school- - 26 children  Sensory Organi- .
) . . Aydinli FE, ! . Dynamic posturog- ~ ADHD was weaker but
aged children with attention with ADHD zation Test .
- LT 2016 raphy the difference was not
deficit hyperactivity disorder, 7-12 years (soT) e
g significant
preliminary study [10]

Postural control among children 24 children Postural control was si-
with and without attention deficit Shorer Z, with ADHD COP test Kistler single force  multaneously improved
hyperactivity disorder in single 2012 9.7-10.7 platform in accomplishment of

and dual conditions [12] years dual tasks
Dynamic balance in children with Balance and The phvaction bal- Balance control of
Attention Deficit Hyperactivity 62 children ) . phy children with ADHD
. N . A Goetz M, X diagnostic ance board, Con- .
Disorder and its relationship with with ADHD ! - was weaker and their
o . 2017 symptoms of ners’ continuous s -
cognitive functions and cerebel- 7-11 years cognitive disorder was
ADHD performance
lum [13] related to cerebellum
49 children
Children with ADHD and motor L ARG Conners’ Parent Children with ADHD
. - and motor Balance and ) .
dysfunction compared with Tervo RC dvsfunction diagnostic Rating Scale and motor dysfunction
children with ADHD only. Devel- ’ ystun ¢ 8 Child Attention like children with ADHD
L. R 2002 44 primary symptoms of -
opmental medicine and child Problems Rating have severe balance
school-aged ADHD -
neurology [14] . Scale disorders
children
with ADHD
The difference between
ADHD and normal
group were found by
Gait classification for ADHD .lnputrl;mg tlf;e wavglgts
children using modified dual . into the se -organizing
Sudha D, 15 children map. The differences
tree complex wavelet transform. ]
. S 2017 with ADHD were found between
Computing and Communication each group and it
Technologies (WCCCT) [15] results that there is
a change in the gait
among ADHD and
normal is proved
Objective measurement of the 38 children 10 various sensational
L . . Balance of conditions the degree
balance dysfunction in attention Zang, with ADHD ;
. R . walking param- Balance master of the sway of the cen-
deficit hyperactivity disorder chil- 2002 4.7-12.5 £ ity in child
dren. Chin J Clin Rehabil [22] years eters ter.o gravity in chilaren
: with ADHD was more
EV|denc'e of br_:-np dysfunctl_op in 22 school- Pe_rformance of Disorder in the perfor-
attention deficit-hyperactivity - right prefron- . . -
. . ! Fayed N, aged chil- . Radiologic evalua-  mance of right prefron-
disorder: A controlled study with . tal and white - .
. 2007 dren with tion MRI tal and white matter of
proton magnetic resonance spec- matter of the .
A - ADHD - the brain
troscopy. Academic radiology [28] brain
The effectiveness of sensory-mo-
tor integration ywth an emphasw o 16 children The Child Symp- Balgnce- sensory inte-
on proprioceptive and vestibular Ebrahimi M, . gration program helped
with ADHD tom Inventory-4 .
senses on the symptoms of Atten- 2013 the improvement of
6-12 years (CSI-4)

tion Deficit Hyperactivity Disorder
(ADHD) [29]

ADHD symptoms

Amini B, et al. Balance Performance Disorders and Sway of the Center of Gravity in Children With ADHD. JMR. 2018; 12(1):3-12.



http://jmr.tums.ac.ir/index.php/jmr

Journal of

Modern Rehabilitation

January 2018, Volume 12, Number 1

Stud
. Writer & Year v . Measurement .
Title .. Sample/ Variables Main Results
of Publication Tools
Age
On comparing subjects
with ADHD and con-
Motor cortex excitability in Atten- tro|§, the fores.t p.|0t
. . A profiles were similar
tion Deficit Hyperactivity Disorder .
. X . A system- in respect to the Rest-
(ADHD): A systematic review and DutraT, . . ;
h atic review and ing Motor Threshold
meta-analysis. 2016 - ; )
. . meta-analysis (RMT), and Silent Period
Research in developmental dis- A
g (SP) but a significant
abilities [30] -
difference was found
for Short Intracortical
Inhibition (SICI)
The relationship between motor . .
skills, ADHD symptoms, and child-  Goulardins JB, 18.9 eifleie Movement Battery il i e tfal_
. ) with ADHD Balance ance are related in
hood body weight. Research in 2016 Assessment . .
R 6-10 years children with ADHD
developmental disabilities [23]
bCh_anges in g?'F ba}lance and The clinical symptoms
rain connectivity in response
- . = 12 school- of ADHD decreased us-
to equine-assisted activity and - Performance FMRI . .
S ; . - Hyun GJ, aged chil- - ing the simulated horse
training in children with attention . of brain ADHD  The Korean ADHD " . .
.2 L 2016 dren with riding stimulation
deficit hyperactivity disorder. symptoms scale .
. ADHD The structure of brain
The Journal of Alternative and does not change
Complementary Medicine [18] 8
Lozl Balance disorder was
Balance deficit and brain connec- Kim SM, aged chil- Balance CcoP apparent in children
tivity in children with ADHD [6] 2017 dren with Plantar pressure ppare
with ADHD
ADHD
The Physical and
Balance deficits and ADHD . 35 boys with Neurological Ex- ADHD symptoms are
- B ; Konicarova J, ADHD symp- I ;
symptoms in medication-naive 2014 ADHD toms balance amination for Soft related with balance
school-aged boys [24] 8-11 years Signs scale (PAN- deficits
ESS) by Denckla
Swav of the GAITRite record- Accomplishment of
Gait in children with Attention . 30 children v ings of spatio- dual tasks decreased
- L . Manicolo O, ] center of
Deficit Hyperactivity Disorder in a with ADHD . temporal and the sway of the center
A 2017 gravity ADHD R X Lo R
dual-task paradigm [27] 7-13 years symptoms variability gait of gravity in children
ymp parameters with ADHD
20 school- Movement Assess-
Balance in children with attention Mao HY 2eed chil- Static and dv- ment Battery for  The static and dynamic
deficit hyperactivity disorder ’ 8 . < ¥ Children (MABC)  balance ability of ADHD-
. 2014 dren with namic balance L -
combined type [25] and the Bruininks- Cis lower
ADHD
Oseretsky Test
What is thg evidence of impaired More than half of the
motor skills and motor control children with ADHD
among children with Attention Kaiser ML, A systematic have difficulties with
Deficit Hyperactivity Disorder 2015 review

(ADHD)? Systematic review of the
literature [1]

gross and fine motor
skills

JVR

with ADHD are treated with medicine. It seems that
medicine does not result in static balance. Probably be-
cause the effect of automatic processes on static balance
may be much greater than dynamic balance. It should be
noted that while some children exhibit recovery when
using medicine, others still exhibit moderate to severe
motor deficits [1]. Many studies have found that the
childhood problems like learning disability, autism dys-
lexia and also ADHD are related to Sensory Integration

Deficit (SID). Therefore, in order to treat these disorders
sensory integration treatment has been widely used [22].

According to the results of the study by Manicolo,
conducted on 30 children with ADHD, balance disor-
ders while performing dual tasks occur more in children
with ADHD than normal children [26]. It is emphasized
that walking needs the EF ability [27]. The prevalence
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of SID in children with ADHD varies from 40% to 84%.
This rate is only 16% in normal children.

The results indicate that children with ADHD who suf-
fer from specific disorders in the degree of sway of their
center of gravity under static conditions can benefit from
postural exercises. Therefore, it seems that the relation
between mobility and aspects of attention and hyperac-
tivity of ADHD should be considered important from the
medical prospect. The conditions of the width and length
of step, speed, and symmetry in the walking of children
with ADHD are not different from normal children. The
degree of sway of the center of gravity in children with
ADHD when standing on one leg is more than that in
normal children. Children with ADHD are probably in
difficulty when controlling the direction of the sway of
the center of gravity [2].

It should be considered that there are also problems of
motor planning, motor control and timing in children
with ADHD that can negatively affect their balance and
motor performance. Children with ADHD have less abil-
ity in controlling their balance on instable surfaces com-
pared to their peers, and probably have some weaknesses
in preserving balance in static positions.

Brain dysfunction

It was noteworthy that the reaction time also increased
by injury to the cerebellum. Balance performance is
strongly related with the performance of cerebellum in
all children. Therefore, cerebellum is the central structure
of regulating body balance. It is capable of integrating
the information obtained from various types of sensory
inputs and also has the ability to model the future mode
of an object, which is necessary for preventive control
[13]. Children with ADHD have significantly poor per-
formance in dynamic balance, and this can be similar to
children with cerebral damage. Therapists should pay at-
tention to the possibility that balance disorder can be an
important symptom of ADHD [13].

In Hyun study that used TMS to stimulate the brain
of children with ADHD, it was found that the brain
neurophysiological parameters of the children with
ADHD is different with others. Despite the few stud-
ies in this field, regarding the high homogeneity of the
results, and considering the high difference in volume
of neurotransmitters, lower levels of cortical inhibition
in children with ADHD can be observed compared to
healthy children [17, 18].
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Zang (2002) by studying 38 children with ADHD, re-
ported that clinical symptoms and balance of walking
in children with ADHD improved after four weeks of
horse riding program. Moreover, functional connec-
tions increased between the cerebellum and the fron-
tal cortex. Of course, horse riding can also be effective
in reducing the clinical symptoms which indicates the
relation between clinical symptoms and motor and bal-
ance symptoms [22].

According to the study by Gulardins conducted on
189 children, balance disorder in children with ADHD
is probably due to the disorder in sensory input, the
integration of senses, or inhibition of additional move-
ments. Probably hyperactivity can cause disorder in stat-
ic balance of these children [22]. Moreover, regarding
the relation between balance disorders and overweight
of children, ADHD is more observed in these children
[23]. According to the study by Amini, the severity of
ADHD symptoms is related to body imbalance [6]. In
Konicarova study on 35 boys with ADHD, the results
indicate that balance disorders while performing tasks
with closed eyes was greater in children with ADHD
than normal children, and these disorders are related to
prefrontal areas that are responsible for executive func-
tions and the cerebellum [24].

In 2007, Fayed investigated the brain performance of
the children with ADHD. In the taken neurology images,
the changes in volume and poor performance of basal
ganglia and the small size of the cerebellum were ob-
served in children with ADHD. In fact, these two organs
have important role in movement control and balance.
Moreover, basal ganglia plays an important role in pos-
tural control and coordination of posture and movement
[28]. Ebrahimi, based on the results of his study on 16
children with ADHD, concluded that the negative effects
of sensory integration disorders on the balance-motor
patterns of these children should be considered [29].

Regarding that the cerebellum is the central structure
of regulating the body balance, and balance is associ-
ated with the reaction speed, and taking into account
the several studies that indicate cerebral injury both by
imaging and in performance of children with ADHD,
the existence and the relation between these three issues
(cerebellum, balance, reaction speed) can be confirmed
[2, 28, 30]. Moreover, because the cerebellum is one of
the main structures in the process of sensory integration,
disorders of sensory integration in these children should
not be overlooked [7] and motor symptoms due to lack
of sensory integration can be observed in children with
ADHD [7]. In addition to the cerebellum, caudate nucle-
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us and prefrontal cortex are matured later. Regarding that
these areas play an important role in attention, thought
and motor planning, they can be the possible causes of
motor weaknesses in children with ADHD, and also de-
crease in the volume of the basal ganglia [3].

Balance in the subcategories and comorbidity
with other disorders

In general, children with type A of ADHD (children
with ADHD whose main problem is attention deficit)
and type C (children with ADHD exhibiting both atten-
tion deficit and hyperactivity of symptoms) show more
motor disorders. If these symptoms accompany DCD
symptoms, will usually remain fixed like the main symp-
toms in childhood and primary school age [16]. If symp-
toms of ADHD and DCD are developed together, prob-
ably they have common etiology. These two disorders in
some common areas of the brain such as amygdala, insu-
lar cortices, putamen, angular gyrus, right supra margin-
al gyrus, bilateral inferior frontal gyri, indicate pallidum.

Comorbidity can be the reason for lack of motor skills
among children with ADHD [19]. The most common ac-
companying reported disorder is DCD and then autism
that both of them can affect the motor abilities of these
children. Mao based on his study reported that children
with ADHD type C exhibited more instability than nor-
mal children when posited on a mechanical horse. These
children presumably have problems in finding appropri-
ate concordant strategies, therefore they permanently
change their own movement patterns to control their bal-
ance. Considering the important role of the cerebellum
in movement timing and error correction, the weakness
in these children is understandable [25].

Although the relation between the subgroups of ADHD
and motor problems is still unknown, maximum disorder
in A and C groups have been reported. Probably, disor-
der in the sensory integration in these children is also
effective in reducing the balance control ability and the
degree of sway of the center of gravity [1]. Similar func-
tional conflicts and disorders in some areas of the brain
such as the cerebellum in ADHD and DCD disorders
can indicate common etiology in these two disorders,
although further studies are required. There are three
main hypotheses to explain the motor problems related
to ADHD. First, comorbidity can be the reason for lack
of motor skills among children with ADHD [19]. The
most common accompanying reported disorder is DCD
and then autism that both of them can affect the motor
abilities of these children.

January 2018, Volume 12, Number 1

The second hypothesis is that deficit in motor skills
is due to lack of attention. The fact that children with
ADHD perform more and better in dual task conditions
and balance performance than others, led to this conclu-
sion that dual tasks, that affects the performance, increas-
es the level of consciousness. The consciousness level of
children with ADHD may fluctuate in single tasks and
cause more changes in the performance level, while the
consciousness level is more stable in dual tasks.

Lack of inhibition prevents the motor control [20]. This
capacity affects executive functions such as working
memory, affective self-regulation, motivation, arousal,
internalization of speech, and reconstruction. Then, dis-
orders in these executive functions interferes the ability
of motor control [21]. With this viewpoint, studies have
indicated that lack of inhibition is one of the main fea-
tures of children with ADHD [1].

Balance deficit relates to ADHD symptoms, which re-
flects brain disorders related to higher level of cognitive,
motor, and vestibular integration. However, it is unclear
whether the disorder is more in the dynamic balance or
the static balance. The effect of common ADHD medi-
cine treatment on the balance ability of these children
still needs further investigation.

Preliminary evidence suggests a disorder in the balance
of children with ADHD that is not due to the side effects
of drug and other neurological disorders. Also, the exis-
tence of disorders in cerebellar functions and its rela-
tion with the poor balance performance of children with
ADHD seem clear. Regarding the above mentioned is-
sues, it may be possible to use the analysis of motor and
balance patterns of children with ADHD for diagnosis,
assessment, and treatment. Perhaps the balance disorder
can be more seriously considered in assessing and reha-
bilitation of these children. More studies are required to
evaluate the effectiveness of using balance stimulations
and use of dual motor-cognitive tasks. Using precise bal-
ance assessments to assist the diagnostic process in chil-
dren with ADHD needs further studies considering the
type of ADHD, age, and sex of the patients.
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