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Abstract

Neurodevelopmental disorder is a disorder that occurs in different ways and
1s diagnosed in childhood involving central nervous system abnormalities.
Neurodevelopmental disorder can be explained in children with autism
spectrum  disorder down, intellectual disability, learning disability,
attention deficit hyperactivity disorder (ADHD), cerebral palsy. Children
with neurodevelopmental disorder can be affected in many dimensions
developmentally, experientially and environmentally. It is known that children
show special conditions in various subjects from their peers due to their
physical, mental, social development and brain activities being affected. It
is revealed that these special conditions affect peer relations in children’s
social lives, cognitive issues such as problem solving, analytical thinking,
language development issues such as understanding and expression, as well
as the child’s balance and physical activity. By processing the information
coming from visual, vestibular and proprioceptive systems together, the
symptoms and characteristics of physical activities in body movements
with the energy available by using the muscles in the balance and skeletal
system are determined to a great extent. The characteristics of children with
neurodevelopmental disorders, their assessment, the balance context and the
level of physical activity are described.
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Children with Neurodevelopmental Disorders

Neurodevelopmental disorders are a broad category of disorders
that involve some form of central nervous system abnormality [1].
Neurodevelopmental disorders occur in a certain period according to any
age range and developmental areas of children. These disorders greatly affect
children’s socialemotional developmentas well as physical development motor
movements, physical activity and balance. Neurodevelopmental disorders
are a special needs group that explains cognitive, physical development in a
complex and broad dimension that interferes with children’s lives and thus
interferes with professional and academic skills [2].

The term neurodevelopmental disorder is frequently used to describe a
brain-based phenomenon that occurs in childhood and is associated with
functional impairments. While the term neurodevelopmental disorder
is generally used in health and medical issues and models, the term
neurodevelopmental disability is mostly preferred in social studies and social

fields [3].

Neurodevelopmental disorders are also referred to as a special needs
condition that causes a variety of complex symptoms in the body whose
symptoms are related to brain development that cause children to experience
intellectual, cognitive, communication, behavioural and psychomotor
deficits [4]. However, despite this, there are many diagnostic confusions in
the field.

Attention deficit hyperactivity disorder, autism spectrum disorder and
children of Down Syndrome are examples of neurodevelopmental disorders’
that contain both psychological and neurological abnormalities [1].

Characteristics of Children with Neurodevelopmental Disorders

Children with neurodevelopmental disorders face many difficulties in the
tield of explanation, diagnosis and evaluation. However, it has an important
role in supporting children through the development of education and
intervention programmes. Although intervention programmes are role
models for the child and the family; their characteristics may vary according
to the type of disorder. The phenotype of children with neurodevelopmental
disorders includes ongoing health and developmental symptoms. While it
may be early for parents to recognise these characteristics, it becomes more
difficult at times. It is therefore of great importance for staft to knowingly
recognise and identify these characteristics [1, 5].
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Autism spectrum disorder is described as a neurodevelopmental disorder
that causes cognitive differences, health problems, social communication
and behaviours in children with environmental factors, thus causing
difficulty in individual behaviour in the environment. One of the prominent
features is that children with autism spectrum disorder have difficulty in
adapting to the environment and experiencing behavioural problems due
to conditions occurring in the brain [6]. Children with autism spectrum
disorder can be diagnosed at the age of 2, starting in the first years of life.
At the same time, there are characteristics such as delay or regression in
social skills, cognitive development, verbal and non-verbal communication
such as making eye contact, not looking when their name is called, showing
stereotypical movements that show less development than their peers in
social communication and interaction between people, limited interests and
sensory difterences [7].

Down Syndrome phenotype, motor development, balance and expressive
language skills delay and these delays continue throughout their lives and
they have difficulties in language and social communication interaction
dimension [8]. In the cognitive dimension, situations such as inability to
tulfil certain mental functions and inability to learn may also occur. However,
despite cognitive and social retardation, they can improve in physical activity
and balance with education and support. In this way, they can be included
in the social environment with physical activity. In terms of cognition, many
people have asymmetrical skill profiles, with relative strengths in nonverbal
reasoning and visual processing, especially when compared to verbal and
auditory processing skills [9].

Learning disability is described as a neurodevelopmental disorder that
differs from its peers in the acquisition and use of listening, speaking,
reading-writing or mathematical skills [10]. Learning disability is divided
into 4 categories: reading disability, maths disability, written expression
disability and learning disorder that cannot be named otherwise [11].

Assessments of Children with Neurodevelopmental Disorders

There are special criteria for the assessment of children with
neurodevelopmental disorders according to certain areas. The evaluation
process is seen as a challenging process for the child and parents. From
the diagnosis of children, parents have problems in various issues such
as acceptance and support [12]. There may be different methods for the
evaluation of each child in neurodevelopmental disorders.
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Considering the sub-dimensions, the evaluation of children with autism
spectrum disorder is as follows according to DSM-5: utism Spesctrum
disorder is included in DSM-5 and is used as an evaluation criterion. In
DSM-5, autism spectrum disorder is described in two sections as limitation
in social communication and interaction and limited, repetitive interests
and activities and is stated as an evaluation element. In the dimension of
limitations in social communication and interaction, difficulties in social-
emotional, non-verbal communication and difficulties in initiating or
maintaining peer relationships are detailed. In the dimension of limited and
repetitive behaviours, repetitive motor movements, object use or speech,
insistence on sameness, routines, rituals, limited interests, increased or
decreased sensory interest or reactions are used as assessment tools in the
diagnostic criteria [11].

Attention deficit hyperactivity disorder is one of the neurodevelopmental
disorders and frequently occurs in preschool years. In addition to retardation
in cognitive development and distractibility, children have additional
symptoms such as anxiety disorders and separation anxiety [13].

According to DSM-5, the child can be diagnosed when the items specified
for learning disability are observed in the child. The criteria considered in the
evaluation process are as follows: Having difficulties in the academic field
for at least six months, being slow in reading words and making frequent
mistakes, having difficulty in reading comprehension, having phonological
sound additions and subtractions, having difficulty in written expression,
having difficulties in arithmetic, not having spatial awareness, having
difficulty in understanding mathematical terms [14].

After the children with neurodevelopmental disorders are evaluated
in general, the specialist staft carries out studies to support the child in
cooperation with the parents. Supporting studies for balance and physical
activity are carried out with education and intervention programmes. In
this way, children can generally be adapted to social life [15]. Therefore,
diagnosis and evaluation criteria are one of the important factors in
neurodevelopmental disorders.

Neurodevelopmental Disorder and Balance

Balance is achieved by processing information from the visual, vestibular
and proprioceptive systems together. A disorder in one of these systems
causes loss of balance. Dizziness and imbalance are symptoms that can
be seen in childhood [16]. In children, vestibular system disorder causes
inability to maintain head and posture control, inability to perform
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independent walking and sitting functions, poor motor development and
delayed psychomotor skills [17]. This situation is more common when the
information coming from the visual or sensory system becomes difficult. In
children with vestibular disorders, in addition to postural complaints such
as clumsiness, falls, injuries due to falls, step width, some disruptions in
fine motor development may also be observed. If the vestibulo-ocular reflex,
one of the most important reflexes of the vestibular system that ensures
the stability of the visual field during head movement, is affected, motor
dysfunctions may occur because hand-eye coordination cannot be achieved
[18]. Studies show that vestibular disorders and cognitive skills are related
[19, 20]. It has been reported that this situation arises from the connection
of vestibular projections with the hippocampus [21].

It 1s known that the static and dynamic balance skills of children with
neurodevelopmental disorders are worse than those of normally developing
children [22]. Children with autism spectrum disorder may have difficulties
in social and communication skills, as well as poor motor coordination
skills and disorders in postural control. Disorders in postural control arise
from problems in visual and somatosensory processing [14]. Morphological
studies report that the disorders originate from the brainstem [23]. Disorders
in postural control also affect the development of perceptual motor skills
and social functionality [24]. When the vestibular functions of children
with autism are evaluated, there is a decrease in their static and dynamic
balance skills. In addition, oculomotor system disorders may occur and the
vestibulo-ocular reflex may be negatively affected [25].

Visual-motor integration disorders, postural instability, oculomotor
system disorders and vestibulo-ocular reflex involvement are observed
in children with Down syndrome [26]. Children with Down syndrome
cannot respond quickly to changes in the environment, so it takes longer to
complete motor tasks [27]. Postural alignment is observed to maintain sway
and balance during standing [28]. This situation is thought to be caused
by cerebellar dysfunction, proprioceptive errors, biomechanical deficiencies,
vestibular disorders or sensorimotor integration [29, 30]. Individuals with
Down syndrome have lower neuron density, synaptic irregularities due to
decreased neurotransmitters, and myelination abnormalities compared to
their normally developing peers [31, 32].

Delays in motor development may be observed in children with
intellectual disability. This situation limits functional abilities [33]. Disorders
in postural control are observed due to the incomplete development of the
central part that controls the somatosensory, visual and vestibular systems.
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They have problems with motor coordination, muscle strength, endurance,
tine and gross motor skills. It is also reported in the literature that vestibulo-
ocular reflex dysfunction is observed in children with intellectual disability
[34]. They may lose more postural control in situations where visual and
somatosensory inputs change and become difficult, such as staying in the
dark or walking on soft ground. These abnormalities are thought to result
from processing deficiencies in the central mechanism of the vestibular
system [35].

Weak motor coordination skills, postural stability, spatial orientation
and oculomotor dysfunctions can be observed in children with learning
disabilities [36, 37]. They show lower postural performance compared
to their typically developing peers [36]. It has been reported that these
disorders occur as a result of vestibulo-cerebellar dysfunction in children
with learning disabilities [38]. Disorders in postural skills may result from
disruptions in the integration of information from the visual, vestibular or
proprioceptive systems [39]. It is known that the vestibular system is related
to attention, memory, cognitive processing and visual spatial ability. For this
reason, children who have cognitive problems such as learning disabilities
may experience vestibular disorders [19].

In children with attention deficit and hyperactivity disorder, poor
motor performance and impaired postural control are observed compared
to their normally developing peers [40, 41]. Central vestibular changes in
the connections between the vestibulo-cerebellum and vestibular nuclei,
deficiencies in cerebellar inhibitory functions and disorders in prefrontal
functions are reported [42, 43]. At the same time, it has been reported that
brain imaging studies show a decrease in the volume of the cerebellar vein.
For this reason, disorders in gait control may occur [44].

In cerebral palsy, which is a common neurological disorder in childhood,
there are weaknesses in static and dynamic balance as well as gross and fine
motor movements. They experience balance disorders as a result of problems
in the visual, vestibular and somatosensory sensory systems [45]. In order
to better define the disorders in cerebral palsy, a classification was made by
dividing it into five levels [46]. As the level increases, the degree of balance
disorder increases. It is reported in the literature that the cause of balance
disorder in cerebral palsy is due to inadequate motor and somatosensory
deficiencies. At the same time, oculomotor dysfunctions are also observed in
children with cerebral palsy [47].

As a result, postural instability, motor coordination disorder and
oculomotor system dysfunction may be observed in children with
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neurodevelopmental disorders. Children with neurodevelopmental disorders
may not be able to express themselves, have difticulty communicating with
their parents or caregivers, and may not be able to describe their symptoms.
Vestibular disorder also negatively affects postural control, development of
fine motor skills, academic success and cognitive development, emotional
and social behavior skills. For this reason, children should be observed
carefully, and in case of any suspicion, an expert should be consulted.
Additionally, vestibular assessment tests can be challenging in children
because they require good cooperation. Therefore, it is necessary to make
appropriate procedural changes in evaluation tests, continue testing by
taking breaks, and use a game-based approach. Vestibular rehabilitation and
physical activity, after early detection of disorders through a comprehensive
evaluation, is an effective approach in children with neurodevelopmental
disorders and balance problems [48].

Neurodevelopmental Disorder and Physical Activity

Physical activity is body movement that results in energy expenditure
using skeletal muscles [49]. Physical activity in the first years of life is
important for growth and development [50]. High levels of cardiorespiratory
endurance in childhood are closely related to lower cardiometabolic risk
in adulthood [51]. In addition, physical activity has important benefits
in terms of preventing secondary health problems that disabled children
may experience and supporting communication skills, self-confidence, and
psychosocial development [52]. Physical activity in the form of walking has
been shown to have beneficial effects in terms of physical and subjective
health (health satisfaction) in a population consisting of children with visual,
hearing and physical disabilities, autism, learning disabilities and emotional
disorders [53].

It is possible to talk about the different benefits of physical activity in
children with various neurodevelopmental disorders. Physical activity
has been found to be effective in increasing academic performance [54],
decreasing anxiety and depression levels [55], and social communication
[56] in children with autism. Physical activity increases self-esteem and
prevents chronic diseases in children with Down syndrome [57]. In a
comprehensive systematic review in 2023, 35 scientific studies conducted
since 1990 investigating the effects of physical activity on children with
Down syndrome were examined. Water sports, aerobic exercises, strength
exercises and game training practices have been identified to increase
physical activity. It has been determined that these practices generally cause
improvements in maximum oxygen consumption, maximum heart rate,
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upper and lower body strength, body weight and body fat percentage [58].
In individuals with intellectual disabilities, physical activity causes beneficial
results in general health perception and physical fitness parameters such as
strength, endurance, and body mass index [59]. In children with learning
disabilities, physical activity increases their social roles, improves physical
and mental health, improves academic success and reduces irritable behaviors
that occur due to learning disabilities [60, 61]. In individuals with attention
deficit hyperactivity disorder, physical activity supports increasing self-
esteem as well as physical and general health-related parameters [62]. Other
benefits include reducing impulsivity and hyperactivity, increasing attention
and improving executive functions [63]. It has been shown that physical
activity in children with CP (cerebral palsy) is beneficial for reducing chronic
pain, fatigue and osteoporosis, supporting mental and social development,
improving physical function [64], and increasing quality of life and happiness

[65].

Physical Activity Deficiencies

Physical activity participation of disabled children and adolescents is
affected by many factors. These; communication, transportation, costs,
lack of awareness, lack of social support [66], type of disability, insufficient
time, inadequate facilities, factors related to parents (fear, labeling) [67],
child’s lack of interest and behavioral problems [68]. In a systematic review
investigating the physical activity levels of disabled children between the
ages of 0-5.99, it was observed that they had low physical activity levels as a
result of 21 studies included [50].

Motor and behavioral disorders and communication problems in children
with autism affect physical activity participation [69]. In a study in which
the physical activity patterns of children with autism were examined with
the help of an accelerometer, it was determined that the children showed
insufficient physical activity and had too much sedentary time. Additionally,
physical activity deficiencies were found to be more pronounced at older
ages [70]. In another study conducted on a large population, it was
determined that male children with autism, especially between the ages of
6 and 11, had insufficient physical activity levels compared to children in
the general population [71]. In the meta-analysis in 2021, it was aimed
to investigate the differences between children with autism and typically
developing children in terms of moderate and vigorous physical activity. As
a result of 9 studies that evaluated with the help of an accelerometer, it
was analyzed that children with autism have 30 minutes less daily moderate
physical activity level than normally developing children. Children also have
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been shown lower physical activity performance during physical education
and break hours during school education [72]. As a result of 28 studies and
a comparison of the data of 805 autistic children with 1573 healthy children
in 2023, it was determined that their moderate to severe physical activity
levels were less than their peers [73].

In children with Down syndrome, disease-specific characteristics such
as hypotonia, obesity and congenital heart problems, parental factors,
coordination disorders and accessibility to physical activity affect physical
activity participation [57]. The results of a systematic review conducted in
2019 have shown that the physical activity levels of participants with Down
syndrome under the age of 21, assessed with the help of an accelerometer,
were significantly lower than their healthy peers. It has also been determined
that lack of physical activity has an impression that is inversely proportional
to age [74]. It has also been documented that they have higher weight and
lower physical activity performance than their healthy peers [75].

In a study conducted in Iceland, the physical activity behavior of children
with mild and severe intellectual disabilities has been measured with the help
of an accelerometer. It has been determined that children with intellectual
disabilities are 40% less active than typically developing children matched
for age and gender. Additionally, they have been found to spend 9% more
sedentary time. None of the children with intellectual disabilities met the
recommended daily average of 60 minutes of moderate-intensity physical
activity [76]. More than 70% of children with visual, hearing, physical
and mental disabilities and social development problems have been shown
insufficient levels of physical activity at school. The most physical activity
deficiencies were observed in children with severe mental disabilities [77].

A study conducted on young people with learning disabilities and
attention deficit hyperactivity disorder found that they were significantly
more obese than their healthy peers. In addition, in the examination of
cases where both pathologies were seen separately and together, it was
found that physical activity levels were significantly low. However, it has
been determined that only individuals with learning disabilities are better at
meeting their physical activity levels [78].

Reasons for the deficiencies in physical activity of children with CP include
advanced age, female gender, and the presence of hip dysplasia [79]. From
a general perspective, personal factors such as the child’s physical abilities
and psychological factors, parental factors (such as acceptance of disability),
opportunities for participation in sports (such as lack of opportunity and
awareness, time-related problems, financial situations), social environment
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(acceptance among peers, bullying) Environmental factors such as) are
obstacles to the physical activity performance of children with CP [80]. In
a study examining the physical activity levels of children with CP, children’s
activities were recorded using an accelerometer for 4 days. As a result, it was
determined that only 25% of children met the recommended daily physical
activity levels [64].

Evaluation of Physical Activity

In the results of the literature research on physical activity in children
with autism, evaluation methods are basically grouped as questionnaires and
accelerometers. Accelerometers are mostly used with 3 axes. Surveys that
provide subjective evaluation are stated as the Physical Activity Survey for
Children, Godin-Shephard Leisure Survey, activity diary or surveys based on
daily activity reports created by the authors [69].

No comprehensive research has been found on the methods used to
evaluate physical activity in children with Down syndrome. However, it has
been determined that accelerometers are mostly used as an objective method
[81, 82].

Methods to evaluate physical activity in mentally retarded children aged
5-18 years are summarized.

Accordingly; classification was made as objective and subjective methods.
Direct observation methods (Activity Level Observation Program, Children’s
Physical Activity Form, etc.), accelerometers, pedometers, accelerometers
and double-labeled water method are given as objective methods. Subjective
methods were based on activity diaries, surveys and parent reports. [83].

A new tool has been developed to evaluate physical activity in children
with learning disabilities due to communication-related problems. Important
features of the Learning Disability Physical Activity Questionnaire are that it
is easy to read, has visual content, and is based on self-report. It was found
to be welcomed by the participants and was also important in promoting
physical activity [84].

Psychometric properties of physical activity measurements used to evaluate
the physical activity level of children with cerebral palsy were examined and
summarized. Basically, pedometers, accelerometers, heart rate monitors,
activity monitors, armbands with sensors (based on body temperature,
galvanic skin response, and accelerometer data), and monitors that can
track energy expenditure have been identified. Subjective methods were
investigated, including the Physical Activity Questionnaire, questionnaires
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based on the Physical Activity Summary, and multimedia activity recall
questionnaires for children and adults. Questionnaires have been shown to
be easy to use in the clinic. However, it was also found that the correlation
of these surveys with step and accelerometers was weak. In addition, the
reliability of accelerometers in children with CP has not been demonstrated.
There is evidence that energy expenditure monitors, activity monitors, heart
rate monitors, and the Physical Activity Questionnaire are reliable [85].

The accelerometer used in the objective evaluation of physical activity
must be used for at least 10 hours a day. For appropriate evaluation in
children and adolescents, it is reccommended that follow-up be done between
4-9 days [86].

Promoting Physical Activity

World Health Organization guidelines encourage an average of 60
minutes of moderate-intensity physical activity per day, including for

children with disabilities [87, 88].

A recent systematic review examined the impact of digital health
applications on promoting physical activity in children with autism and
intellectual disabilities. It has been observed that there are active video
games, e-learning methods and social media-based interventions. Positive
results have been reported for many of these interventions [89].

Physical activity has an important place in children with Down syndrome
due to the high potential for weight gain [90]. Providing cycling training
to children, increasing strength training during adolescence, encouraging
participation in special Olympics, adapting sports programs, providing
educational programs by physiotherapists including families, community
programs and practices aimed at improving physical activity in schools are
encouraging practices in terms of increasing physical activity [91].

It is generally reported that practices to encourage physical activity in
children with attention deficit hyperactivity disorder are limited. For this
purpose, studies have been carried out on cooperation through various
organizations and revealing a common recipe. Further studies are needed to
promote physical activity [92].

A systematic literature review in children with CP found that leisure-
time physical activity procedures resulted in beneficial outcomes for
musculoskeletal strength, cardiorespiratory fitness, quality of life, spasticity,
participation, and physical function. It has been stated that the most effective
interventions are exercise training, active video games, recreational activities,
behavioral coaching and motor skill training [93].
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