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ABSTRACT

The purpose of the present study was to compare standing and walking balance
between 13 children with autism and 13 children with typical development aged
between 9 to 13 years. The children with typical development had similar age, weight
and height compared to the high-functioning autism (HFA) group in order to eliminate
inter-subject differences. All children with autism had high-functioning autism and
studied full time in integrated classes. The balance subtest of the Bruinink-Oseretsky
Test of Motor Proficiency (BOTMP) was used to assess standing and walking balance
used for daily activities. The total point scores of all items, the point scores of each
item were compared between the two groups of children.

Results showed no statistically significant difference in the total scores of the
balance subtest of BOTMP between children with HFA and typical children (p>0.05).
However, children with HFA demonstrated significantly lower point scores in the
tasks of standing on preferred leg on floor on balance beam (item 2), walking forward
heel-to-toe on walking line (item 6) and walking forward heel-to-toe on balance beam
(item 7) (p<0.05). This implies that children with HFA have difficulty controlling their
balance in narrow and sway supporting surfaces and do tandem (heel-to-toe) walking.

Maintaining balance while standing and walking is essential for many
functional activities and has a considerable impact on the social integration of the child
in his peer groups (e.g. playing with other peers and playing sports). Pediatric physical
therapists should carefully screen for the presence of functional balance deficit, in
order for these children to have the benefit of appropriate therapeutic intervention.
Functional balance in variable activities such as walking on different supporting
surfaces or obstacle course is suggested in the further study in children with autism.

KEY WORDS: CHILDREN WITH HIGH-FUNCTIONING AUTISM /
STANDING AND WALKING BALANCE/ BOTMP
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CHAPTER I
INTRODUCTION

Autism is a developmental disorder defined by the presence of three
characteristics that are known as a triad of impairments. These include impairments in
social interaction, social communication and repetitive behavior. Children with autism
may have different behaviors from other peers such as lack of social communication,
lack of being a part of social, lack of eyes contact and lack of pretentious play. These

symptoms are often noticeable in the first three years of life (1-4).

In addition to the core symptoms of autism, some studies reported the
associated symptom like motor impairment such as abnormal gait and posture,
abnormal muscle tone, co-ordination abnormalities including mild clumsiness and
mild cerebellar ataxia and balance abnormalities (5-8). Postural balance deficit is one
problem of children with autism that physical therapists should pay attention due to
balance deficits had a considerable impact on daily activity and impair the social

integration of the child in his peers group (9, 10).

A few studies of postural balance control in children with autism have been
done. Minshew and co-workers (11) studied abnormalities existing in postural control
between children who were diagnosed as autism but without mentally retardation and
healthy volunteers aged 5 to 52 years. The sensory organization and the movement
coordination were measured by Posturography. The result showed that the children
with autism decreased postural stability especially under all disrupted somatosensory
conditions. The effects of age demonstrated delayed developmental of postural control
in autism and fail to reach adult levels. In addition to these study, Noterdaeme and
colleagues (12) evaluated the neuromotor deficit in children with non retarded autism,
children with specific language disorders in both expressive and receptive and normal

children. The results revealed that children with autism and children with specific
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language disorders had more motor problems than the control group on motor domains
of fine and gross motor functions as well as in balance task. Other studies of postural
control in children with autism were not associated directly to balance in autism,

mental retardation were more concerned (13, 14).

Most of these studies (11, 12) focused on balance deficit in a level of
impairment. Functional balance such as standing and walking balance in children with
autism has not yet been concerned. Although the work of Noterdaeme and co-workers
(12) was nearly functional balance, it was only four balance items (i.e. standing quietly
on one legs, toe walking, heel walking and hopping) and not found commonly in daily
activities. Indeed, a deficit in functional limitation level is important in rehabilitation.
Functional balance has been defined as the elements of postural control that allow
individual to safely perform everyday tasks (15) and functional limitation can be
defined as limitation in the ability to movement and mobility in usual activities of
daily living (16-19).

Examinations of balance in functional level assess how well a patient can
perform functional tasks relied on to postural control (16) Many clinical balance tests
are designed to measure in the functional level (15, 20-23). For children, assessment of
gross motor skills provides information regarding balance at the level of functional
limitation. There are various functional limitation tests that have specific sections
related to postural stability and based on normal developmental sequence of motor
skill for children. The balance subtest of the Bruininks-Oseretsky Test of Motor
Proficiency (BOTMP) is the one clinical balance tests that are designed to measure
functional level and based on normal developmental sequence of motor skill for
children aged between 4.5 to 14.5 years old (20). Habib and Westcott (24) stated that
balance subtest of the BOTMP is a gold standard for measuring balance and motor
proficiency in the children who were aged over five years old. Furthermore, they
reported that intra-rater reliability of balance subtest of the BOTMP is 87% to 100%
and intra-class correlation coefficiency (ICC) was 0.97. Many researchers used
balance subtest of the BOTMP to assess balance ability in children (25-30). However,

there were several functional tests that related to balance control are developed from
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frail elderly to pediatric population (17) such as, the timed “up and go” test (TUG)
(21), functional reach test (FRT) (22), the berg balance test (23), etc. Nevertheless,
FRT and TUG are single tests that are not covered the functional balance in daily
activities and the Berg balance test is inappropriate in testing with children with
pervasive developmental delays because this disorder impair in cognitive, attention,
behavioral and language are the important skill to comprehend and comply with long
test instructions (15).

To avoid the effect of mental retardation to standing and walking balance
abilities, children with high-functioning autism (HFA) are participated in this study.
Furthermore, many children with HFA can be attended in the regular classroom setting
and have more chance to participate in many activities related postural balance (e.g.
playing with other peers) and the balance subtest of BOTMP may be suitable to use in
children with HFA who probably follow the sentences of instructions.

Functional balance in manners of activities of daily living such as standing
and walking balance in children with HFA should be carefully investigated. This
information would assist physical therapists to improve the appropriate balance
training for children with HFA. It may help them to do their daily activities better in
both quantity (e.g. longer taking a balance) and quality (e.g. more correcting the
balance related task) and support them to participate daily activities with their friends
indirectly. Therefore, the aim of the present study is to compare the standing and
walking balance between children with HFA and typical children.
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Purpose of the Study

General Objective

To compare standing and walking balance between children with HFA and
typical children.

Specific Objectives

To compare items in the balance subtest of the BOTMP between children with
HFA and typical children.

Parameters of the Study

Independent variable

Children with HFA and typical children who are aged between 9 to 13 years
old.

Dependent variable

1. The point scores of each item based on balance subtest of the BOTMP.

2. The total point scores of all items in balance subtest of the BOTMP.

3. The elapsed time to complete the tasks (in seconds) in item 1 to item 3 on

balance subtest of the BOTMP.

Scope of the Study

This study is comparative research study for investigating standing and
walking balance between children with HFA and typical children who are aged
between 9 to 13 years old.

Hypotheses of the Study
1. The total point scores of the balance subtest of the BOTMP in typical
children is significantly better than that in children with HFA.
2. The point scores of items 1 to 8 in the balance subtest of the BOTMP in
typical children is significantly better than that in children with HFA.
3. The elapsed time in item 1 to 3 on balance subtest of the BOTMP in typical
children is significantly better than that in children with HFA.
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Advantages of the Study
1. The findings of this study would be able to indicate the balance deficit in
functional limitation level in children with HFA.

2. This study would be a guideline for physical therapy in children with HFA.
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CHAPTER I
LITERATURE REVIEW

2.1 Balance and Postural control
2.1.1 Descriptions of balance, postural control and related variables
2.1.1.1 Balance and postural control

Balance or postural stability can be defined as the ability to
maintain or recover the body’ s center of mass (31) within the body’ s base of support
to prevent falling and complete desired movements (16, 17, 32-34). Some researchers
have defined balance as a condition which force and torque react to unstable body
quickly until the body’s center of mass is over the base of support for regaining
stability (35, 36). Westcott et al (17) stated that balance can be divided into two types,
as static and dynamic balance. Similar to Rangnarsdottir’s study (37), she has divided
balance into two ways, as a state which the body is in equilibrium and as a function in
which concern the performed activities. Static balance is the ability to maintain
posture in resting position such as standing still or sitting. Furthermore, Cherng et al
(38) have defined static balance as the maintaining or controlling the position and the
momentum of the whole body’ s center of mass within base of support in quiet stance
state without falling. Dynamic balance is the ability to maintain posture during
performance of functional tasks such as walking, reaching or running (17, 24). Both

static and dynamic balance are necessary in all situations of motor abilities (16, 39).

Postural control is an ability to maintain balance by keeping or
recovering the body’ s center of mass over its base of support during maintaining the
posture (e.g. standing or sitting), controlling body movement and responding to
external perturbations (16, 33, 40). In physical therapy literature, balance is often
referred to postural control. It is discussed in the synonyms, but all of the terms can be
used for the concept of mechanism of human body to protect them from instability

(37). Postural control must be done by responding quickly and accurately to internal
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and external environment changes (41). It is a complex process involving interaction
between biomechanical, sensory and central nervous systems components (40). The
ability to maintain adequate postural control is essential for gaining independent

movements for all activities of daily living (17, 32).

2.1.1.2 Related variables of balance and postural control: center of
mass (31), center of gravity (COG) and center of pressure (COP)

The center of mass (COM) is defined as an imaginary point that
is at the center of the total body of mass, determined by finding the weighted average
of the COM of each body segment (16, 42). The position of the COM is hypothesized
to be subject to body postural control (42). The location of the COM can be displaced
relative to the base of support when moving the body. For maintaining static position,
the system of the body must keep the COM within the base of support and the moving
of COM is related to the base of support for maintaining in dynamic tasks (17).

The vertical projection of the COM is often defined as the
center of gravity (COG) (16). The COG must be kept vertically over the base of
support to preserve stability that varies with the positions and movements of the body.
Balance reactions occur to maintain the body’s center of gravity over the base of
support (43). The COG displacement can estimate balance when the horizontal COG

projection is outside of the base of support (35).

The center of pressure (COP) is defined as the point location of
the vertical ground reaction vector at the surface of support (44) under the feet which
represents as weighted average of all the pressure over the surface of area in contact
with the ground measured by one or two force platforms (42). The COP under each
foot can be separated while quite standing. To maintain a stable stance position, one
can either relocate the COM through movement of the different body segments or
adjust the size of the base of support. The COP differs from the COM, because the
COP is the location of the vertical ground reaction at the supporting surface. The
COM is the location of the net mass of all the body segments in space (38).
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2.1.2 System related balance and postural control
Postural control results from a complex integration among many
systems of the body in which play a role in maintaining body’s stability (16). In the
scope of physical therapist, the sensory and the motor systems are primarily
considered (16, 45).

2.1.2.1 Sensory system
Before controlling the position of the body in space, the central
nervous system must organize sensory information from sensory receptors. Generally,
the peripheral inputs arrive from visual, somatosensory and vestibular systems. These
systems act as the detective of the body’s positions and movements in space with
respect to gravity and environment. Each sense provides the specific information about

positions and motions of the body (16).

2.1.2.1.1 Visual system

Visual inputs provide information about position and
motions of the head relative to surrounding environment (16) and regarding vertical
orientation and visual flow. Visual inputs consist of foveal and peripheral information
(46). The visual cues are the important inputs to detect personal and environmental
movements for postural control but the inputs are not always an accurate source of
orientation about self-motion because most persons can maintain their balance when
they are in the dark environment (16, 46). Shumway-Cook and Woollacott (16)
concluded that visual system has difficulty distinguishing between object motion and
self-motion. Children use visual information to control balance in manner different
from adult because visual input may be a dominant input for first learning to stand
compensating perturbations in infants (16, 47). Similarly Lee and Aronson’s research
(48) has shown that learning to initially stand in children is more influenced by visual

cues than in adults.

2.1.2.1.2 Somatosensory system (16, 46)
The somatosensory system provides the position and
motion information about the body with reference to supporting surface to the central
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nervous system (CNS) (16). The somatosensory also sends the CNS with
somatosensory inputs through the body and reports information about the relationship
of body segments to one another. The somatosensory comprises muscle spindles,
golgi tendon organs which are sensitive to joint movement, joint receptors and
cutaneous mechanoreceptors. Cutaneous mechanoreceptors include Paccinian
corpuscles which are sensitive to vibration, Meissner’s corpuscles that are sensitive to
light touch and vibration, Merkel’s discs which are sensitive to local pressure and

Ruffini endings that are sensitive to skin stretch.

When standing on the flat and firm supporting surface,
the somatosensory system can provide only the information about body movement and
the position respecting to a horizontal surface. Conversely, the somatosensory system
is helpless to establish a vertical orientation such as standing on boat which is non-

horizontal surface.

2.1.2.1.3 Vestibular system (16, 46, 49)

The vestibular system is most important source of
information for controlling posture. It plays a minor role in postural control unless the
visual and somatosensory are unavailable. The vestibular system is both a sensory and
a motor system. As a sensory system, it provides the CNS with information about head
position and head motion respecting to gravity. The CNS uses this information
together with information from other sensory systems to maintain posture and balance
of whole body in space. Furthermore, it also provides directly to motor control. The
CNS uses descending motor pathways that are the vestibular and other types of
information to control static head and body position and to coordinate postural

movement.

Horak and Shupert (49) described that the vestibular
system plays four important roles in both sensory and motor system in postural
control. First, the role is sensation and perception of positions and motions of entire
body. The vestibular is composed of two types of motor sensors, the semicircular

canals and the otoliths. The semicircular canals sense rotation movements of head,
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changing velocity in a curve path such as nodding or shaking. The canals can detect all
planes of movement because each canal are oriented in different planes. Additionally,
the canals are most sensitive to faster head movements. On the other hand, the otoliths
which is sensitive to lower head movement and senses linear position and acceleration
respecting to the gravity. They consist of the utricular otoliths that sense to vertical
linear acceleration of head and saccular otoliths that sense to the translation of head
along the horizontal plane (i.e. during walking forward). Second, the role is the
vertical head and body orientation, including the static alignment of head and body
and the selection of the appropriate sensory cues for postural orientation in different
sensory environment. Third, the role is the control of the position of body’s COM,
both static posture and dynamic movements. And finally, the role is the head
stabilization during movement. In addition, the vestibular system also plays an

important role in sensation of self-motion.

2.1.2.2 Motor system

The motor system creates movements to maintain posture (16,
17). Postural control requires the generation and coordination of force to produce the
effective movements to control the body’s position in space. During standing still, the
spontaneous of this situation are 1) the gravitational force that affects body alignment
tending to lie out of the center are minimized. The good alignment in stance allows the
body to use at least internal energy expenditure. 2) muscle tone which is the muscle
force in resting being lengthened or its stiffness responses to the pulling of gravity for
keeping the body from collapsing and 3) the intrinsic stiffness of muscle in which exist
normal muscle tone and increased activation of antigravity muscle known as control
postural tone (16). During stance perturbating, most common movement strategies
including hip, ankle and stepping strategies are used to maintain body’s stability in
both feedback and feed-forward (anticipatory) manners.

2.1.2.3 Complex interaction of sensory and motor systems (16, 46)
Balance control involves the complex integration of the sensory
information and the generation of appropriate and effective motor response. The

complex tasks performance depends on specific CNS structures. Many systems
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process an afferent information which is important to postural control (16).
Cerebellum is the important one that is the primary integrating and modulating force
in stability control. The cerebellum receives sensory input from structures such as
cortex, basal ganglion, spinocerebellar tract, vestibular nuclei and vestibular pathway.
Then these inputs are modulated, interpreted and sent out to cortex, basal ganglion,
thalamus, the fourth and the fifth and the sixth cranial nerves. Vestibular nuclei and
vestibular pathway are directly to spinal cord, providing the regulatory input needed to
control movement. If any of these structures is damaged, it will affect balance control.
The cerebellum influences both smooth coordination of movement and the timing and
synergy of muscle groups during synergistic movement including muscle tone or
stiffness. Maintenance of postural alignment requires smooth, coordination movement

and stability from symmetrical, appropriate, balance skeletal muscle activity.

In addition, basal ganglion also involves in integrating
information used for postural control. The basal ganglion receives information from
the cortex and cerebellum and then sends the output information to motor cortex via
the thalamus. It plays a role to control smooth and coordinated movement in postural
adjustment and it is believed to influence the sequences of autonomic postural

reaction.

Balance control is also associated with the brainstem since the
vestibular nuclei which receives an input from the cerebellum and vestibular system
locates in here. The output information is sent to the vestibulospinal tract, occulomotor
complex, cerebellum and parietal lobe. The brainstem works in integration of the

vestibular input and influences compensatory eye movement.

2.1.3 Factors influencing balance
2.1.3.1 Cognitive and attention
Cognition is defined as the ability to process, sort, retrieve and
manipulate information (50). Cognitive process also includes the attention needed to
perform the task, arousal, motivation and judgment (51). Cognitive evaluation is

important for evaluating patient’s ability to contact with the others and environment
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(52). It is necessary to assess patient’s cognition before treatment. In children
development, cognitive changes occur gradually throughout 5 to 7 years old which is a
period of age that children begin to develop a sense of logic and strategy as part of
their cognitive skills, even though many children do not complete this transition until

the end of elementary school (53).

Attention is defined as the ability to focus on a specific stimulus
without being distracted. Attention has been subdivided into multiple factors including
1) focused attention (ability to respond to specific stimulus without being distract );
2) sustained attention (the ability to sustain attention over time); 3) selective
attention (ability to shift focus of attention from task to another) and; 4) alterating

attention (ability to respond simultaneously to multiple tasks) (16).

In children, age related cognitive maturation bring a greater
ability to ignore misleading information which is partly due to covert process of
attention. High level cognitive processes also contribute the maturing ability to ignore
irrelevant information (54). School-age children can focus on a central learning task
while ignoring stimuli that distract younger children. They also become more strategic
at focusing their attention. One explanation for increased attention is that older
children understand the consequences of paying attention. They begin to understand

that they want to comprehend something, they have to pay attention (53).

Cognition and attention affect postural stability. Cognition
involves postural control as well as sensory process in the organization and integration
of sensory information under both static and dynamic conditions (51). Therefore,
cognitive problems including deficit in attention, memory and executive function that
affect problem-solving ability are usually found in patients with primary sensory
impairments. These problems affect patients’ ability during ambulating and controlling

balance in environments (16).

In physical therapy researches, the interaction between

cognitive factors and motor performance have been interested. Dual-task methodology
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is often used to investigate the attentional demands of motor tasks or the effects of
concurrent tasks on motor performance. Brown and co-workers (55) found attentional
demands associated with postural control among patients with stroke. Their study
indicated that people who have suffered a stroke showed an increase of attentional
demands for static postural control related tasks (i.e. verbal reaction time while
standing, sitting and standing with feet together) compared with healthy people. The
same as in children, Yvett and colleagues (51) found the influence of concurrent tasks
on postural sway in forth-grade children. They measured postural sway when children
standing on balance platform together with counting backward and reading second-
grade level sentences. The results showed that there were greater sway of the COP
when performing concurrent cognitive tasks. When sensory information is altered or
reduced and postural tasks are more difficult, greater attentional demands are required
(55). Additionally, Wang and co-workers (56) found that children with attention
deficit hyperactivity disorder (ADHD) had poor stability and there is correlation
between the balance dysfunction and the deficit in behavior and cognition. An
understanding of how attentional demands and other cognitive factors influence motor

performance may be helpful to physical therapists in structuring intervention activities.

2.1.3.2 Age

Postural control depends on the sensory systems including
visual, vestibular and somatosensory system. The ability of these systems are occurred
through developmental sequence. Visual system is a dominant input for maintaining
balance in children aged between 4 months to 2 years old. At 3 to 6 years of age,
children begin using appropriate somatosensory information. At 7 to 10 years of ages,
children are able to use appropriate vestibular system (17). Frossberg and Nashner
(57) postulated that children who were younger than seven and a half years could not
process the appropriate sensory input. They supported the idea that maturation of
somatosensory in postural control appeared at the age of 6 while the maturation of
vestibular and visual system appeared at seven and a half years of age. Foudriat and
co-workers (58) measured the balance in children with 3-6 years olds and found that
the body sway decreased with increasing of age in both girls and boys. Children with

six years old had a greater balance than other younger children. The result
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demonstrated that children with three years of age were able to maintain stance under
all sensory conditions. Children with 4-6 years old can resolve sensory conflict,
although the skill to ignore misleading sensory input and integrate multiple sensory is

not as same as adult until approximately 7-10 years olds.

2.1.3.3 Gender

Because of the difference in body anthropometrics, especially
the height, it was hypothesized that men had a poorer balance than women (59).
Ekhdal et al (60) found that women had a stable balance than men in measuring the
balance performance by using traditional balance test and force platforms. For the
postural stability in children, most studies showed that girls had greater balance
control than boys. Riach and Hayes (47) demonstrated that boys under the age of 10
years swayed more than girls. Likewise Golomer and co-workers (61), it was found
that 9-to-22-year-old girls stability on moveable platform was better than boys in both
eyes closed and open. Similar to Nolan and colleagues’ s study (62), boys exhibited
greater and faster movement of the COP than girls at 9 to 10 years of age during
standing with eyes closed but there was not found the differences in higher ages. It
might be that by this age, girls have progressed to an adult like controlling balance.
Postural control development in boys have lagged behind girls but this adult like
would be developed in a few years later. Moreover, they suggested that it is necessary

to separate sexes when investigating balance in children (62).

2.1.3.3 Anthropometric factor

Anthropometrics is a factor that influences postural and balance
abilities, especially in children. Habib and Westcott (24) studied the effect of
anthropometric factors including height, weight and base of support on functional
balance test in Parkistan children. They found that early maturing children who are
taller had better functional reach test, running speed and agility and time up and go
scores than those who are shorter in 5 to 7-year-old children. They suggested that in
clinical assessing, anthropometric factor needed to be considered, especially when
assessing balance ability of children under seven years of age.
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2.2 Model of disablement

The term of disablement is a global term that the various conditions of disease,
injury or congenital abnormalities affect to the specific organs or body systems, basic
physical performance and functioning of individual. Disablement also impacts to
human functioning at many different level. There are three major conceptual schemes
for physical disablement that related to the roles of physical therapists. These models
are 1) world health organization model (WHO) 2) Nagi model and 3) national center
for medical rehabilitation research model (NCMRR) (16, 19, 63).

2.2.1 World Health Organization model

The international classification of impairment, disabilities and
handicaps (ICIDH), was developed by Philip Wood for WHO. The ICIDH
disablement scheme is divided into four dysfunction levels that are disease,
impairment, disablement and handicaps. The primary level is a disease level. It refers
to the intrinsic pathology or disorder that affect human organism. The second level is
impairment that refers to abnormality or loss of psychological, physiological or
anatomical structures or functions at organ level. The third level is disability that
means restriction or lack of ability to perform an activity in normal manners including
disturbances in behaving an appropriate personal care. The final level in these disable
process is handicaps. It refers to disadvantage for a given individual due to impairment
or disability that limits or prevents fulfillment of a normal role for the person.
Handicaps state is related to other people in society and environment for individual
(16, 19, 63).

Disease —* Impairment —— Disability —— Handicaps

Figure 2.1 Diagram of disablement model based on WHO or ICIDH model.

2.2.2 Nagi model
Nagi model was developed in the 1960s by Saad Nagi, the sociologist.
This model consists of four levels of dysfunction. The first level is active pathology

that is associated as the interruption of normal cellular processes and efforts of the
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organism to regain normal state. The second level is impairment as well as the ICIDH
model, that refers to abnormalities or loss of anatomical, physiological, mental or
emotional functions. The next level, Nagi uses the term “functional limitation” that
refers to limitation in performance at the level of the whole organism or person. In
order to, it represents ant inability to perform and individual tasks such as walking or
standing. The fourth level is disability that is defined as the limitation in performance
of socially roles and tasks within a sociocultural and physical environment (i.e. work

or employment). It reserves for social rather than individual functioning (16, 19).

Active pathology —» Impairment — Functional limitation — Disability

Figure 2.2 Diagram of disablement model based on Nagi model.

2.2.3 The National Center for Medical Rehabilitation Research (NCMRR
model)

The NCMRR model is a modification and extension of the basic Nagi
and ICIDH formulation. This model comprises five levels of dysfunction including
pathophysiology, impairment, functional limitation, disability as well as in Nagi model
and increases the level of social limitation. Societal limitation involves restriction or

limitation of individual to fulfill the social policy or barriers role (16, 19).

Patho- ___, Impairment __, Functional __, Disability _, Societal
Physiology limitation Limitation

Figure 2.3 Diagram of disablement model based on NCMRR model.

It is important to understand these models for effectively assessing disabled
status, planning the appropriate treatment or rehabilitation, and preventing impairment

from the result of pathology or disability.
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2.3 Assessment of functional balance

Balance ability can be evaluated in impairment, functional limitation, disability
and societal limitation level following the disablement models. Functional balance has
been defined as the elements of postural control that allow individual to safely perform
everyday tasks (15). Functional limitation can be defined as limitation in the ability to

movement and mobility in usual activities of daily living (16-19).

Balance deficits in a functional context are more important in the focus of
rehabilitation and intervention (23). Many clinical balance tests are designed to
measure in the functional level (64). Assessment of balance in the functional level is to
examine how well a person can perform functional tasks relied on to postural control
(16). For children, assessment of gross motor skills provides information regarding
balance at the level of functional limitation. There are various functional limitation
tests that have specific sections related to postural stability and based on normal
developmental sequence of motor skill for young children. The gross motor section of
the bruininks-oseretsky test of motor proficiency (BOTMP) is the one well-known test
for assessing motor skill performance and balance ability in young children (16, 17).
In addition, several functional tests that related to balance control are developed from
frail elderly to pediatric population (17). Example are functional reach test (FRT) (22),
the timed “up and go” test (TUG) (21), the berg balance test (23), etc.

2.3.1 Bruininks-Oseretsky Test of Motor Proficiency (BOTMP)

The BOTMP is the assessment test of motor function in children who
are between 4.5 to 14.5 years old. There are eight subtests in the BOTMP that is
designed to assess an important aspect of motor development in both gross and fine
motor skills. The gross motor sections provide reliable balance subtest, running speed
and agility, bilateral coordination and strength. The BOTMP is designed for children
with mild motor impairment. Additionally, Bartscherer and Dole (65) used the
BOTMP to assess gross and fine motor abilities in children with attention deficit. The
BOTMP have been documented moderate to good reliability and validity (Inter-rater
reliability (r=.90-.98), test-retest reliability (r=.56-.81) and validity (r=.52-.69) (17,
20). Habib and Westcott (24) stated that balance subtest of the BOTMP was a gold
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standard for measuring balance and motor proficiency in the children who were aged
over five years old. Furthermore, they reported that intra-rater reliability of balance
subtest of the BOTMP is 87% to 100% and intra-class correlation coefficiency (ICC)
was 0.97.

The subtest of balance consists of eight items: standing on preferred leg
on floor, standing on preferred leg on balance beam, standing on preferred leg on
balance beam with eyes closed, walking forward on walking line, walking forward on
balance beam, walking forward heel to toe on walking line, walking forward heel to
toe on balance beam and stepping over response speed stick on balance beam. Many
researchers used balance subtest of the BOTMP to assess balance ability in children
(25-30). This test imitates situations in daily living in children such as controlling
balance while standing and walking. The tool is appealing to young children and the
short and easy understanding of instruction is appropriate for children with autism.
Moreover, this test can also be discriminative test that determine whether the
individual has balance problem and evaluative test to determine change over time or

effectiveness of therapy (17, 20).

2.3.2 Functional Reach Test (FRT)

The FRT can be used as a quick screening test to distinguish balance
problem in individuals. For testing, a person stands with fixed feet at a shoulder
distance apart and holds 90 degrees of shoulder flexion. He/she is instructed to reach
forward as far as possible that he/she can maintain balance. The distance (in
centimeters) between the starting and ending reach positions is measured (16, 17, 22).
The FRT can only examine the limit of stability in the forward direction (36). Westcott
et al (17) suggested that the FRT is not appropriate with children with disabilities
because the poor test-retest reliability have been found in this group. Moreover, the
study of Wernick-Robinson et al (36) indicated that the FRT did not measure actual
dynamic balance and the correlation between the FRT and gait velocity was poor
(r=.08). This test can evaluate only balance ability during standing. The FRT single
test is not covered the functional balance in daily activities and have a poor reliability
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in children with disability. Therefore, the FRT may not be suitable for assessing

balance in children with autism.

2.3.3 Timed “Up and Go” Test (TUG)

The TUG test is the test for measuring the ability to perform sequential
locomotor tasks that relates to walking and turning (66). A person is observed while
rising from an armchair, walking a distance of three meters, returning to the chair and
sit down. The performance is timed in seconds (17, 64, 66, 67). Time taken to
complete this task is strongly correlated to level of functional mobility. Functional
mobility is a term used to consider the balance and gait in activity of daily living (21).
Westcott et al (17) advised that the TUG had good inter-rater reliability (ICC=.99) in
balance test of children and also demonstrated the differentiation between children
with and without balance deficit. However, the TUG is only single balance test that

may not cover functional balance in daily living of children or children with autism.

2.3.4 Berg Balance Scale (BBS)

The BBS is a functional measure of balance developed as a
performance-oriented measurement. It provides three dimensions including postural
mantainance, postural adjustment to voluntary movement and responding to external
perturbations (23, 68, 69). The BBS contains 14 items on simple mobility tasks such
as transfers or sit to stand and more complex tasks as tandem standing or single leg
stance. A scale of each items rate O to 4 and the total score is 56. A score of O refers to
unable to do any task and a score of 4 is able to achieve the task (16, 23, 64).
Kambhavi et al (23) recommended that the BBS is intended to measure in pediatric
population due to emphasize and capture a wide range of functional ability. The BBS
has good test-retest and inter-rater reliability (ICC=.98) and can discriminate the risk
of fall in older. However, most functional measure of the BBS has environmental
limitation. The test is examined under restricted environmental condition, it may not
predict the actual performance in various environments (16). The BBS can assess
balance abilities in many conditions. Nevertheless, Franjoine and co-workers (32)
suggested that it was inappropriate in testing with children with pervasive
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developmental delays because this disorder impair in cognitive, attention, behavioral
and language are the important skill to comprehend and comply with test instructions.

2.3.4 Gait Velocity Test

Gait velocity or fast gait speed (FGS) test is to measure over a
relatively short distance. It does not include endurance as a factor (64). A person is
asked to walk in comfortable paces and the test is timed when achieve walking in 10
meters. The velocity is calculated by diving middle 6 meters on walkway. Gait
velocity is strongly correlated with level of mobility and balance that plays a role in
maintaining gait velocity (70). The gait velocity has been reported high inter-tester,
intra-tester reliability and a high sensitivity and specificity of 80% and 89%
respectively (64). These test can evaluate only balance ability during speed walking.
The FGS single test does not cover the functional balance in daily activities. No study
regarding reliability in children population has been reported. Therefore, the FGS may

not appropriate for assessing functional balance in children with autism.

2.4 Autism (1-4)
2.4.1 Definition

Autism is a lifelong development disability that affects to children and
adults in varying degrees. Autism is a root of a word ‘auto’ which refers to ‘self’ that
means as aloofness and disinterest of environments around them. Children with autism
may have different behaviors from other peers such as lack of social communication,
lack of being a part of social, lack of eyes contact and lack of pretentious play.
Generally, children who are diagnosed with autism must have three characteristics of
features or they are known as a triad of impairments that include impairments in social
interaction, social communication and repetitive behavior. These are noticeable in the

first three years of life.

Physicians group children with autism in pervasive development
disorders (PDDs) which refer to development disabilities in many dimensions. It is
sometimes known as autistic spectrum disorders (ASD). PDDs include autistic

disorder, pervasive development disorders-not otherwise specified (PDD-NOS),
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asperger’s syndrome (AS), Rett’s syndrome and childhood disintergrative disorder
(CDD). Other PDDs have some features like autistic disorder but they are not all.

Screening and diagnosis should be undertaken by trained experts.

In Thailand, Limsila, ex-director of Yuwaprasart Waitayoprathum
Child Psychiatric Hospital, found first autistic children in 1967. She has studied and
helped these children continuously (71).

2.4.2 Characteristics of autism
Triad of impairments can interpret into three difficulties in autistic
spectrum disorder. These make us understand clearly (3).

2.4.2.1 Social interaction
. avoid eyes contact

a
b. lack of desire to interact or play with other children or adults

(@]

. lack of co-operative or parallel play

o

. lack of desire to start relationships

e. unable to interpret or understand people’s feeling and
emotions

f. does not response to affection or being touched or appears to

overact

2.4.2.2 Social communication (speech, language and non-verbal
communication)

a. lack of useful language

b. lack of desire to communicate with others around them

c. echolalia in which refers to the reiteration of meaningless
words

d. instability to understand non-verbal communication such as
gestures and facial expression

e. instability to understand the process of conversation
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if speech develops, it will be delayed and may demonstrate

unusual speech, unusual or monotomus tone and/or pattern of speech

g.
h.

may talk about a topic incessantly and at inappropriate time

may be able to use language appropriate in one situation but

be unable to transfer the language into an alternative situation

2.4.2.3 Pattern of behavior, interests and activities

a.

repetitive movement such as hand flapping, rocking or

covering ears or eyes

b

= @

c
d.

lack of imaginative play

play may be rigid, stereotypical and repetitive
resistance to participate in imaginative play situations
repetitive and/or compulsive behaviors

difficulties and/or anxieties with changes of routines

In addition to the characteristic above, the followings may be observed,;

unusual response to stimuli. Children with autism may be
oversensitive or undersensitive to some sensory stimuli.
Example would include: refusal to eat ‘lumpy’ food or
combined foods such as sandwiches, aversion to common
noises such as a dishwasher or vacuum cleaner, apparent
lack of awareness of cold and heat

unusual response to ‘normal’ situation

self-harming or inappropriate  behaviors such as
overaggressive play

abnormal sleeping pattern

excellent skills in art, knowledge of a film, music or
mathematics. Children with an exceptional skill are known

as “ autistic savants”
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2.4.3 Cause of autism
Researchers have been studying causes of autism continually, there is
no obvious conclusion. Several studies focused on three ideas explaining about the
causation;
2.4.3.1 Psychology
This idea was believed that autism have been arisen from the
negative relationship in family. It often occurred with unwarmhearted or cold parents
which is known as the ‘refrigerator mother theory’. Currently, this theory has not been
acceptable.
2.4.3.2 Neurology
It correlates with dysfunction of some structures in the brain and
neurotransmission within the brain.
2.4.3.3 Genetics
It is generally accepted that genetic factor plays the role as the
cause of autism. Recent research focus on chromosomes and genes that are the cause

of brain dysfunction associated with autism.

Moreover, some diseases as German measles, abnormal labor,
pollution such as lead exposure in first trimester of pregnancy may be causes of

autism.

2.4.4 Prevalence of autism

Autism is found in children are 4-5 per 10,000 following the DSM-1VV
criteria (72). In Thailand, no report has been concerned about prevalence and etiology
of autism (73, 74). However, from the statistics of the out patients in Yuwaprasart
Waitayoprathum Child Psychiatric Hospital, numbers of children with autism between
1994 to 1997 were 9,458 children with autism and between 1998 to 2001 the number
of these children increased to 12,545. This data was enough for assuming that there
were a lot of children in Thailand (74). In addition, Limsila studied 277 children with
autism who were treated in Yuwaprasart Waitayoprathum Child Psychiatric Hospital
between 1994 to 1998 and found that the ratio of children with autism between boys
and girls were 3.3:1 (73).
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2.4.5 Diagnosis
Diagnosis that specifies children in indeed autism will help them to
receive appropriate intervention from the professionals immediately, relieve the

anxiety of parents and help promoting their learning opportunities.

Autism can not be diagnosed from blood test, x-ray or scan. Children
with autism may have some features similar with other disorders such as hyperactivity
or severe speech and language disorders. It is necessary to have the specific diagnostic
assessment tools for identifying autism and distinguishing between autism and other
disorders. These diagnostic tools are undertaken by trained and experienced
professionals as consultant pediatricians, clinical psychologists or autism specific
assessment teams. Well-known and worldwide diagnostic tools are international
classification of disease (ICD10) developed by WHO in 1993 and diagnostic and
statistical manual version four (DSM-1V) developed by the American Psychiatric
Association in 1994. The DSM-IV is the criteria which Thai Physicians use for
diagnosing autism in Thai children (4, 72).

DSM-1V

DSM-1IV has three criteria to diagnose children with autism (75).
Children would be diagnosed with autism if they have a total of six (or more) items
from (1), (2) and (3) with at least two from (1) and one each from (2) and (3). This
criteria are

(1) Qualitative impairment in social interaction, as manifested by
at least two of the following:

a. marked impairment in the use of multiple nonverbal
behaviors such as eye-to-eye gaze, facial expression, body postures and gestures to
regulate social interaction

b. failure to develop peer relationships appropriate to
developmental level

c. lack of spontaneous seeking to share enjoyment, interests or
achievements with other people (e.g. by a lack of showing, bringing, or pointing out

objects of interest)
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d. lack of social or emotional reciprocity

(2) Qualitative impairment in communication as manifested by at

least two of the following:

a. delay in, or total lack of, the development of spoken language
(not accompanied by an attempt to compensate through alternative models of
communication such as gesture or mime)

b. in individuals with adequate speech, marked impairment in
the ability to initiate or sustain a conversation with others

c. stereotyped and repetitive use of language or idiosyncratic
language

d. lack of varied, spontaneous make-believe play or social

imitative play appropriate to developmental level

(3) Restricted repetitive and stereotyped patterns of behavior,

interests, and activities as manifested by at least one of the following:

a. encompassing preoccupation with one or more stereotyped
and restricted patterns of interest that is abnormal either in intensity or focus

b. apparently inflexible adherence to specific, non-function
routines or rituals

c. stereotyped and repetitive motor mannerisms (e.g. hand or
finger flapping or twisting or complex whole-body movements)

d. persistent preoccupation with parts of objects

The onset of delay or abnormal functioning in at least one of the
following areas must be presented prior to 3 years of age. The disturbance is not better
accounted for by Rett’s disorder or CDD.

2.4.6 Severity of autism
Severity of the symptom can be classified widely in three levels that are
mild, moderate and severe autism (73, 76). Mild autism or high-functioning autism

(HFA) have normal intelligence quotient (1Q) or above. However, individuals with
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mild autism present the manifestations of impairments in social interaction, social
communication and emotional disturbance. Sometimes, asperger syndrome (AS) may
be called as a mild or mildest degree of autism. However, AS is a much more specific
diagnosis (75), with specific diagnostic criteria following DSM-IV. The difference
between AS and HFA was based on language development. Individuals with AS have
been normal in speech development that seen clearly since at toddler (75). It was
nevertheless shown that children with HFA were more impaired than children with AS
in terms of severity of social, verbal, and cognitive impairments (77). Additionally,
some studies separated HFA from AS by considering neuromotor impairment such as
gait variability involved cerebellar dysfunction (6, 78) or more severe in motor
clumsiness that are the features of HFA (13).

Children with moderate autism shows developmental language
disorder, social interaction including problems in self-caring and self-stimulating. The
most excessive manifestation is severe autism groups. Children with severe autism
demonstrate delay development in every skills and associated with mental retardation

and aggressive behavior (73, 76).

It is necessary to distinguish the severity of autism because it is an
important marker for both diagnosis and prognosis and is the traditional point used in

differentiating between trainable and educable persons (79).

2.4.7 High functioning autism (HFA)

Although severity of autism can be divided into mild, moderate and
severe (73, 76), some researchers separate autism into two major categories, that are
high functioning autism (HFA) and low functioning autism (LFA) (79). Generally, the
LFA often cover the manifestations of moderate and severe autism such as mental

retardation, epilepsy, and extremely limited receptive/expressive language skills (79).

High functioning autism (HFA) is not an official diagnostic term, it is
only a common term to define an individual who shows developmentally higher or

less severe manifestations of autism and good prognosis in treatment (79). Children
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with HFA have much more efficient with expressive and receptive speech and have
normal intelligence quotient (1Q) but show the manifestations of impairments in social
interaction, emotional disturbance, and attention deficit hyperactivity disorder or
above. Some individual with HFA attempt to make a peer relationship, greet with

stereotyped phrase and have one-side conversation.

Many researchers agree on 1Q, particularly verbal 1Q to define HFA
(12, 79-81). Some agree in designating an priori 1Q cutoff score of 85 as a general
index to differentiate high-and low-functioning autism (12, 82). However, it is
probably not sufficient in the presence of significant language and social delays and
abnormalities. Subgroup of children with autism by level of functioning should be
considered not only in nonverbal but also in all three domains of autistic impairments
(81).

In this study, HFA are defined as children with autism who can attend
in full time integrating classroom with other typical children. In additional, children
with HFA will pass all of the assigned comprehension test (Appendix G) which is
designed to screen comprehension skills like understanding and following the

instruction.

2.5 Balance deficit in children with HFA

Although postural balance impairment is not a diagnostic criterion of autism,
deficiency in balance ability, indeed, is one of the critical problems that has often seen
in children with autism (31). Balance deficits have considerably impacted on daily
activity and impaired the social integration in children with HFA (9, 10). There are
several studies using clinical tests reported abnormal postural balance in children with
autism (13, 14, 83). Nevertheless, these studies most concerned of postural control in

children with mental retardation more than children with autism.

A few studies of postural balance in children with autism without mental
retardation has been reported (11, 12). Minshew and colleagues studied abnormalities

of postural control in subjects with autism but without mentally retardation by
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comparing with healthy volunteers in various ages. The study used posturography
which the measured both the sensory organization and the movement coordination
(11). The result showed that the subjects with autism decreased postural stability
especially under all somatosensory disrupted conditions. Children with autism had
more difficulty maintaining an upright when standing on only a sway-reference
surface and combination with closed eyes. The effect of age revealed a delay in
development and underdevelopment of the postural control system in autism (11).
Additionally, the effect of 1Q on the postural deficit was found in children with autism.
Lower IQ corresponds to more impairment in postural control but does not show in

normal children.

Noterdaeme and colleagues (12) evaluated the neuromotor deficit in three
groups of children: children with autism, children with specific language disorders in
both expressive and receptive, and normal children. The results revealed that children
with autism and children with specific language disorders had more motor problems
than the control group on most neurological tasks especially in balance task. Children
with autism were less able to stand quiet on one leg for a determine period of time and
difficult to do hopping, toe walking and heel walking compared with normal children.
Children with autism in these studies were HFA, so the results cannot be explained as
the consequence of a general mental retardation. The occurrence of neuromotor
deficiency in these children was generally interpreted as an indication of a biological
factor in the aetiology of autism (10, 84). Moreover, the result revealed that two third
of the children with autism had difficulties mastering daily routine such as playing

with age-appropriate, ball game and bicycling.

However, one of the studies of children with autism found a paradoxically
better instability when vision was occluded or somatosensory input was restricted in
children with autism compared with normal children and children with mental
retardation (85).

For the previous studies, balance abilities in children with HFA were not

assessed in terms of with everyday living tasks. It is interesting to investigate standing
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and walking balance in manners of activities of daily living in children with HFA.
This information would assist these children to better do their everyday activities.
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CHAPTER I
MATERIALS AND METHODS

3.1 Subjects

Thirteen children with HFA and 13 children with typical development aged
between 9 to 13 years participated in this study. Each typical child was recruited by
matching with the child with autism at the similar age, gender, weight and height for
eliminating inter-subject differences between groups due to limited numbers of
children with HFA. All children were primary school students from Satit Haeng
Mahawittayalai Kasetsart School. Prior to participate in the study, parents were
requested to sign a consent form. This study was approved by Ethical Committee on

Research Involving Human Subject, Faculty of Graduate, Mahidol University.

3.1.1 Inclusion criteria

Typical children

Subjects were recruited on the basis of:

- healthy children, no history of obvious musculoskeletal or
neurological disorders

- attending regular class in full time

- aged-appropriate standard weight and height, based on the growth
chart used in Department of Pediatrics, Siriraj Hospital

Children with HFA

Subjects were be recruited on the basis of:

- child psychiatrist’s diagnosis as autism
attending regular class (without special program for children with
autism)

- aged-appropriate standard weight and height, based on the growth
chart used in Department of Pediatrics, Siriraj Hospital
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- ability to walk independently without assistive device

- passing all of the assigned comprehension test (Appendix G)

3.1.2 Exclusion criteria

The subjects were excluded from the study if they had the following

criteria.

- taking medication that alter posture balance abilities

- apparent visual and auditory problems

3.2 Instrumentation

3.2.1 The BOTMP on balance subtest ( Figure 3.1)

balance skills.

eyes closed

Eight items of balance subtest of the BOTMP measured specific

Item 1:
Item 2:
Item 3:

Item 4:
Item 5:
Item 6:
Item 7:

Item 8:

standing on preferred leg on floor
standing on preferred leg on balance beam
standing on preferred leg on balance beam with

walking forward on walking line

walking forward on balance beam

walking forward heel-to-toe on walking line
walking forward heel-to-toe on balance beam

stepping over response speed stick on balance beam
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Figure 3.1 The BOTMP on balance subtest
® The walking line

® The balance beam
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3.2.2 Target
The target (Figure 3.2) were used as a point that the subject would look
straight ahead while standing on preferred leg (item 1 and 2). It was stuck on the wall

with adhesive tape and it is 3 meters from the edge of a walking line.

Figure 3.2 The target

3.2.3 Masking tape
A walking line was made by taping a 2.4 meter piece of masking tape
(Figure 3.3) on the floor in front of the target, about 3 meters from the wall (Figure
3.1).

Figure 3.3 The masking tape
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3.2.4 Balance beam
A balance beam was made from wooden beam that was used in item 2, 3,
5, 7 and 8 (Figure 3.1).

3.2.5 Response speed stick
According to the standard protocol in the BOTMP, a response speed stick
was used to disturb balance while the subject was walking on the balance beam.

Figure 3.4 The response speed stick

3.2.6 Stop watch
The stop watch was used to time subject’s performance on each item. The

examiner recorded the time on the individual record form.

L

Figure 3.5 The stop watch
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3.3 Testing Protocol

Before testing, children with HFA were examined whether they understand the
instruction that are similar to the instructions in the BOTMP manual by using
comprehensive test (Appendix G). This comprehensive test were designed to ensure
that children with HFA understood the instructions during the balance performance.
The researcher asked about health history from parents of subjects. All subjects were
measured weight and height. They were tested the subject’s leg preference before
participating in the study. Subjects were asked to kick twice a tennis ball to the
examiner. The researcher noted the leg preference, right or left, on the individual

record form.

All balance items of the BOTMP were instructed and demonstrated by
researcher. Scores were recorded in the raw scores and converted to the point scores
based on the balance subtest of the BOTMP manual to compare the balance skills
between typical children and children with HFA groups. If the subject was not
achieve the first trail of each item, only one trial was repeated. When the second trial
would be necessary, the subject’s errors were pointed out before the second trial was
administered.

3.3.1 Item 1: standing on preferred leg on floor

Subjects placed the preference leg on the walking line and looked at the
target. Then subject placed hands on hips and bent other leg. They had to maintain

such position to the maximum scores (10 seconds) (figure 3.6).

Figure 3.6 Standing on preferred leg on floor
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3.3.2 Item 2: standing on preferred leg on balance beam
Subjects placed the preference leg on balance beam on and looked at
the target. Then subject placed hands on hips and bent other leg. They had to maintain

the position to the maximum scores (10 seconds) (figure 3.7).

Figure 3.7 Standing on preferred leg on balance beam

3.3.3 Item 3: standing on preferred leg on balance beam with eyes closed
Subjects placed the preference leg on balance beam with eyes close and

maintained that position to the maximum scores (10 seconds) (figure 3.8).

Figure 3.8 Standing on preferred leg on balance beam with eyes closed
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3.3.4 Item 4: walking forward on walking line
Subjects stood on edge of walking line with hands on hips and placed
one foot slightly ahead of the other. Then they walked forward six steps (maximum

scores) in a normal walking stride to the end of the line (figure 3.9).

Walking Line

Figure 3.9 Walking forward on walking line

3.3.5 Item 5: walking forward on balance beam

Subjects stood on edge of balance beam with hands on hips and placed
one foot slightly ahead of the other. Then they walked forward six steps (maximum
scores) in a normal walking stride to the end of the balance beam (figure 3.10).

Figure 3.10 Walking forward on balance beam
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3.3.6 Item 6: walking forward heel-to-toe on walking line
Subjects stood on edge of walking line with hands on hips. Then they
walked forward on the walking line with heel-to-toe. Subjects had to make six

consecutive steps (maximum scores) correctly to the end of the line (figure 3.11).

Walking Line

Figure 3.11 Walking forward heel-to-toe on walking line

3.3.7 Item 7: walking forward heel-to-toe on balance beam
Subjects stood on edge of balance beam with hands on hips. Then they
walked forward with heel-to-toe. Subjects had to make six consecutive steps

(maximum scores) correctly to the end of the balance beam (figure 3.12).

Figure 3.12 Walking forward heel-to-toe on balance beam
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3.3.8 Item 8: stepping over response speed stick on balance beam
Subjects stood on edge of the beam with hands on hips and kneel. Then
they walked forward (with normal walking stride) on the balance beam and stepped
over the response speed stick at a height slightly below the subject’s knee. The stick
was held at the middle of the beam by the examiner (figure 3.13). The score was one
(pass) or zero (not pass).

Figure 3.13 Stepping over response speed stick on balance beam
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Screen subject’s health related
history, comprehensive abilities
and inform consent signed

\4

Recorded subject’s height and weight data

A 4
Determined the subject’s leg preference

\ 4
Tested and collected data based on the BOTMP- balance subtest

Analyzed data
Using Mann Whitney U test
and independent sample t-test

Figure 3.14 Protocol of the study
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3.4 Data analysis
Statistical analysis was calculated. The level of significance was set up at

p-value less than 0.05.

The Kolmogorov-Smirnov Goodness of fit test was used to determine the
distribution of the characteristic data. Since the characteristic data in this study showed
normal distribution, independent sample t-test was used to compare the difference of

age, weight and height between two groups.

Mann Whitney U test was used to compare the point scores of each item and
the total point scores of the BOTMP balance subtest between children with HFA and
typical children.

Independent sample t-test was used to compare the elapsed time (in second) in
standing on preferred leg on floor (item1), standing on preferred leg on balance beam
(item2) and standing on balance beam with eyes close (item3) between children with

HFA and typical children.
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CHAPTER IV
RESULTS

4.1 Characteristics of Subjects

This study compared standing and walking balance between children with
HFA and typical children by using the balance subtest of the BOTMP. The
participants consisted of 26 children (13 children with HFA and 13 typical children).
All children aged between 9 to 13 years old. The characteristics of the subjects are
showed in Table 4.1. The Kolmogorov-Smirnov Goodness of fit test was used to
determine the distribution of the characteristic data. All their characteristics data were
normal distribution (p>0.05) and independent sample t-test was used to compare the
difference of age, weight and height between two groups. There were no significant
differences in age, weight and height between children with HFA and typical children
(p >0.05).

Table 4.1 The characteristics of the subjects (n=26)

) Mean = Standard Deviation
Demographic

o Children with HFA Typical children
characteristics
(n=13) (n=13)
Age (yr) 11.1441.22 10.86+1.43
Weight (kg) 38.59+12.57 37.42+11.22
Height (cm) 142.58+12.44 143.96+11.47
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4.2 Comparison of the point scores in item 1 to item 8 and total point
scores based on the BOTMP balance subtest between children with
HFA and typical children

Median, minimum, maximum, the 1 and 3™ quartiles of the point scores in
standing on preferred leg on floor (item 1), standing on preferred leg on balance beam
(item 2), standing on preferred leg on balance beam with eyes closed (item 3), walking
forward on walking line (item 4), walking forward on balance beam (item 5), walking
forward heel-to-toe on walking line (item 6), walking forward heel-to-toe on balance
beam (item 7) and stepping over response speed stick on balance beam (item 8) and
total items of the balance subtest are presented in Table 4.2.

When comparing the median point scores in item 1 to item 8 between children
with HFA and typical children, there were no differences in most items except item 3
(i.e. HFA group = 2 and typical group = 3). However, minimum and 1% quartiles of
the point scores in many items (i.e. item 2, 4, 6, 7 and 8) in the group with HFA
showed obvious lower than these point scores in the typical group. Moreover, 3™
quartiles and maximum of the point scores in item 3 in the group with HFA showed

lower than it in the typical group.

According to Mann Whitney U test, there were statistically significant
differences in the point scores between children with HFA and typical children in
standing on preferred leg on balance beam (item 2), walking forward heel-to-toe on
walking line (item 6), walking forward heel-to-toe on balance beam (item 7) (p<0.05).
However, there was no statistically significant difference between children with HFA

and typical children in the total item point scores (p>0.05).
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Table 4.2 Median, minimum (min), maximum (max)and the 1%, 3" quartiles (Q1,Qs)
of the point scores of standing on preferred leg on floor (item 1), standing on preferred
leg on balance beam (item 2), standing on preferred leg on balance beam with eyes
closed (item 3), walking forward on walking line (item 4), walking forward on balance
beam (item 5), walking forward heel-to-toe on walking line (item 6), walking forward
heel-to-toe on balance beam( item 7), stepping over response speed stick on balance
beam (item 8) and total items point scores based on the BOTMP balance subtest in the
children with HFA (n=13) and the typical children (n=13)

The point scores
Item Children with HFA Typical children P-value
min-max Median min-max Median
(Q1.Q3) (Q1.Q3)
1 4-4 4 (4,4) 4-4 4 (4,4) 1.00
2 3-6 6 (4,6) 6-6 6 (6,6) 0.034*
3 1-7 2(2,4) 1-7 3(2,7) 0.691
4 2-3 3(3,3) 3-3 3(3,3) 0.317
5 4-4 A(4,4) 4-4 4(4,4) 1.00
6 1-3 3(2,3) 3-3 3(3,3) 0.015*
7 1-4 4(3,4) 4-4 4(4,4) 0.015*
8 0-1 1(0,1) 0-1 1(1,2) 0.405
Total 18-32 27(24,28) 25-32 28(27,32) 0.096

*p - value <0.05
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4.3 Comparison of the elapsed time to complete the tasks on item 1
to 3 of the BOTMP balance subtest between children with HFA and
typical children

Maximum (max), minimum (min), mean and standard deviation (SD) of the
elapsed time (in seconds) to complete the tasks in standing on preferred leg on floor
(item 1), standing on preferred leg on balance beam (item 2) and standing on preferred
leg on balance beam with eyes closed (item3) are shown in Table 4.3. The minimum
elapsed time to complete the tasks in children with HFA were less than typical
children in item 1 and 2 but more than in item 3. The maximum elapsed time to
complete the tasks between two groups of children were slightly different. All typical
children attained the maximum elapsed time to 10 seconds (maximum scores) in item
1 to 3. However, children with HFA did not attain the maximum elapsed time to 10

seconds (maximum scores) in item 3.

Children with HFA showed the mean elapsed time in item 1 slightly less than
typical children (i.e. 9.98 seconds VS 10 seconds). All typical children attained the
task for 10 seconds. Most children with HFA also attained the task for 10 seconds
except one child with HFA who attained the task for 9.77 seconds. In item 2, the mean
elapsed time in children with HFA was less than typical children. There were nine
from thirteen children with HFA complete the task for 10 seconds whereas all typical
children complete the task for 10 seconds. The mean elapsed time in item 3 in children
with HFA was slightly less than in typical children. In regardless of conditions, most
children could not complete the task for 10 seconds with single stance while closing

eyes. Nevertheless, only four typical children could pass the task for 10 seconds.

Independent sample t-test was used to compare the elapsed time (in seconds) to
complete the tasks in item 1 to 3 between children with HFA and typical children. The
results showed that there was statistically significant difference of the tasks between
children with HFA and typical children in item 2 (p<0.05).
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Table 4.3 Minimum (min), maximum (max), mean and standard deviation (SD) of
standing on preferred leg on floor (item 1), standing on preferred leg on balance beam
(item 2) and standing on preferred leg on balance beam with eyes closed (item 3)

between children with HFA and typical children based on the BOTMP balance
subtest

Elapsed time to complete the tasks (in seconds)
Item Children with HFA Typical children p-value
min-max | Mean+SD min-max Mean+SD
1 9.77-10 9.98+0.64 10-10 10.00+0 0.377
2 5.03-10 8.63+2.03 10-10 10.00+0 0.049*
3 3.4-9.81 6.15+2.33 2.14-10 6.40+2.88 0.712

*p - value < 0.05

The elapsed time mean of item 1 to 3 between children with HFA and typical
children was shown as graph in figure 4.3.

The elapsed time to complete the tasks (in seconds)
=+
12 Smt 2 -
=] a 1 &2
10 £
0}
£ 3
g 5 O children with autizm
% B typical children
E 4
; T
ﬂ T T
1 2 3
p=0377 p=10.049 p=0.712
Item

Figure 4.1 Comparison of the mean elapsed time (in seconds) to complete the tasks

(on the BOTMP balance) of item 1 to 3 between children with HFA and typical
children
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CHAPTER V
DISCUSSION

5.1 Characteristics of Subjects

Subjects in the present study consisted of two groups of children, children with
HFA and typical children, aged between 9 to 13 years old. Children who had weight
and height appropriating with age were included in this study, but some children are
not. Generally, range of weight and height curve for Thai children by age (from Siriraj
Hospital’s growth chart) weight and height that above of 3" percentiles and below of
97" percentiles are accepted in normal. Three children with HFA had weight and
height nearly to the baseline of normal curve and one was out of this range, but they
were included in this study due to the limited numbers of HFA. For controlling inter-
subjects difference, each child with HFA was matched with each typical child by age,
gender, weight and height. No significant difference in subject characteristic between
two groups. It was indicated that age, weight and height do not contribute to the
difference for all parameters in this study.

5.2 Balance in the children with HFA and the typical children

The purposed of this study was to compare standing and walking balance
between children with HFA and typical children. Generally, standing with two legs on
floor and eyes open is stable basic position in assessing standing balance. From the
previous studies revealed that there were no significant differences between children
with HFA and normal children (11). Children with HFA can perform as well as the
control group did when measuring postural stability of standing quietly on force plate.
For this study, the balance subtest of BOTMP assessed one leg standing balance in
children with HFA. When raising one leg, the body’s base of support (BOS) is smaller
and the position of the center of gravity (COG) is displaced through the new BOS

that is the other leg on floor. It is less stable and more difficult to control balance in
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this condition than controlling postural balance while two legs standing that the COG
is placed in between two feet.

However, in this study, there was no statistically significant difference between
children with HFA and typical children in standing on preferred legs on floor (item 1).
All children in this study regardless conditions achieved the ceiling point score (i.e.
point score = 4). This showed that children with HFA could control their single legs
standing balance as well as typical peers. In contrast, Noterdaeme and co-workers
(12), found that children with HFA had less ability to stand quietly on one leg than the
control group. It was possible that the period of time in their single stance task was too
long (one minute) for children with HFA who often have a problem with paying
attention and the test was also measured in both right and left. Attention deficit may

affect balance ability in this study.

The second balance test was standing on preferred leg on balance beam (item
2). When standing on balance beam, the COG is tendency to sway more than standing
on flat and firm floor in item 1. Moreover, the BOS is restricted in the narrow beam,
so the body tries to keep the swaying COG within small BOS. Balance control in this
position was harder. The result of this study showed that children with HFA had
statistically significant less stability in standing on preferred leg on balance beam than
typical children did. Additionally, both point scores and raw scores in children with
HFA were statistically significantly less than typical children. It was revealed that
children with HFA were difficult to control their standing balance with one leg on
narrow and unstable area that somatosensory and visual input was more perturbed.
Similar to the study of Minshew et al (11), they found that in the conditions when the
somatosensory was disrupted alone or with the visual input limitation, children with
non retarded autism swayed the body more than the control group did. It is consistent
with the report that a lack of sensorimotor integration was fundamental in autism (86).
Cerebellar dysfunction in children with autism would be a cause of dysfunction in
somatosensory integration (87, 88). Moreover, according to the previous literature,
children with autism had vestibular dysfunction (49, 89, 90). This also supports the
balance deficit in standing on preferred leg on balance beam because the vestibular
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system is dominant in controlling posture when the body slow sways like standing on
balance beam (49). Children with autism may be unable to use reliable vestibular

information to maintain balance.

For standing on preferred leg on balance beam with eyes closed (item 3), it was
clear that many children could not keep their balance as well as they did in item 2.
This was a decrease of elapsing time to complete this task. The integration of
information from the vestibular, visual and somatosensory afferent systems is
necessary for the maintaining an upright balance (16). A deficit in any one of these
systems or integration of information from these systems could affect balance (16).
Although occluded visual cues were affected balance control in children when
compared with opened vision, there was no statistically significant difference between
two groups of children in standing on preferred leg on balance beam with eyes closed.
It was not according to Minshew et al’s work (11) that children with HFA had less
balance than control subjects when visual cue was closed. Interestingly, in this study,
typical children could successfully maintain the balance with closed eyes only four of
13 for 10 seconds. Five of 13 typical children could not maintain the balance for more
than five seconds. This balance task may be too difficult to attain for both children
with HFA and typical children. It was possible that absence of visual distraction by
closing their eyes in children with HFA while keeping balance may reduced the gap of
difference in balance ability between children with HFA and typical children
compared with item 2. However, the paradoxically better stability when occluded
vision in children with autism (85) did not support our result because of the difference
characteristic in subjects with autism. Kohen-Raz and colleagues (85) studied in
children with low-functioning autism and these children have less postural dependence
on visual motion. It was different from children with HFA that were seen to be

posturally visual flexible and overactive to visual motion (91).

Walking balance was also assessed in this study, both preferred and heel-to toe
walking on the line and balance beam. For walking forward on floor (item 4) and
walking forward on walking line (item 5), there were no statistically significant
differences between children with HFA and typical children. The results showed that
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children with HFA control their balance while preferred walking on the narrow area as
well as typical children did. Moreover, walking on line marker seems to be more
possible impact on children with autism. These children probably use a cognitive-
attentional strategy that may guide movement for them to improve their gait (6). It
was possible that the results might be related to these cognitive-attentional strategy.
Indeed, gait problems were found children with HFA. Some researchers found that a
person with HFA showed significant increased stride length in their preferred gait and
abnormal upper limbs movement in comparison with normal and Asperger’ syndrome
subjects (5, 6, 92). For this study, only walking balance was checked. Other gait
variables were not detected.

Gait abnormalities have been reported in individuals with autism (5, 6, 92). A
deficit on a tandem gait walking was found in persons with HFA (6, 92). Although the
present study assessed in balance ability, children with HFA were demonstrated
statistically significant less balance ability than typical children when walking forward
heel-to-toe on walking line (item 6) and walking forward heel-to-toe on balance beam
(item 7). Walking with heel-to-toe was harder than normal stride walking on line and
balance beam due to the BOS was reduced in both anteroposterior and laterally
directions. Children’s body had to adjust the COG within smaller stability limits while
walking. However, many children with HFA had a deficiency to control their balance
while doing these tasks or they could not complete tandem walk continuously for six
steps. They showed the missing steps or the step that placed out of the line and the
behind foot did not contact to the front foot. Likely, Rinehart 2006 (6) found that there
was a strong trend for individuals with HFA to have a greater percentage of missteps
than normal control group and suggested that the deficit on a tandem walking was
similar to those reported for patients with cerebellar ataxia. Moreover, the study of
Stolze et al (93) showed increase of the number of missteps, increase step width and
higher ataxia ratio (i.e. the pathway of the foot during tandem walking was very
variable) when patients with cerebellar disease tandem walk. It is possible that balance
deficit in children with HFA in this study may be related with cerebellar dysfunction.
The cerebellum is a site for the integration of sensory input (94) and there is a growing

body of evidence that the sensory guidance of movement is dependent of sensory input
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to the cerebellum (95). Anatomic abnormalities in cerebellum have been described in
neuroimaging studies of children with autism (87, 88) which would be consistent with
the findings of dysfunction in the integration of sensory input. Additionally, many
regions of brain have been proposed to be involved in the pathophysiology of autism.
Histopathologic studies have revealed abnormalities of the cerebellum, raising the
possibility of motor dysfunction as the cause of postural instability in autism (96). In
addition to brain dysfunction, attentional demand was more used in tandem walking.
Children with HFA were prone to do these tasks difficulty because of their attention
deficit.

The last balance item was stepping over the response speed stick on balance
beam (item 8). There was no statistically significant different between children with
HFA and typical children. No previous study reported the data of stepping over the
response speed stick on balance beam task in either typical children or children with
autsim. However, the stepping task was reported that the maturation of coordination
between posture and movement may not fully complete in children with 8- to 12-year-
olds (97). The ability to maintain an equilibrium while stepping or performing various
unilateral lower-extremity movements in a standing position is essential for many
functional activities (98). Therefore, stepping over the response speed stick should be

assessed in children with autism who are older than the subjects in this study.

Even if the total point score of item 1 through 8 was not statistically significant
different between children with HFA and typical children, the median total scores
were different. Children with HFA had fewer scores than typical children. It probably
implies that children with HFA had a deficit in standing and walking balance.
Especially some item (i.e. standing on preferred leg on floor on balance beam (item 2),
walking forward heel-to-toe on walking line (item 6) and walking forward heel-to-toe
on balance beam (item 7), can differentiate the balance deficits in children with HFA
in comparison with typical children. In addition, the deficits in any one of the sensory
systems or integration of information from these systems that impact on balance
deficits in children with HFA. It is possible that both a delay in development and
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underdevelopment of the postural control system in autism affect the balance ability in
their daily activities (11).

5.3 Limitation of the studies

The criteria of this study that children with HFA could study full time in
integrated classes with typical children probably acquired many of high-ability
children with HFA. These children with HFA were likely controlling their balance as
well as typical children did and may affect the indifference of total balance scores

5.4 Clinical implication and further studies

The results of this study probably define that functional balance deficit is one
feature of children with HFA, occurring with the triad symptoms. Because the ability
to maintain balance while standing and walking is essential for many functional
activities, children with HFA should be carefully screened for the presence of
functional balance deficit, in order for them have the benefit of appropriate therapeutic
intervention. It is interesting for pediatric physical therapist to have a role in training
functional balance in children with HFA due to better functional balance ability will
support the social integration of the child in his peer groups (e.g. playing with other

peers, sport game)

Functional balance especially standing and walking balance abilities in
children with HFA should be investigated in more cover of variable activities such as

walking on different supporting surfaces or obstacle courses in the further study.
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CHAPTER VI
CONCLUSION

Standing and walking balance were compared between children with HFA and
typical children who age between 9-13 years. Two groups were similar in aged,

gender, weight and height to minimize inter-subject difference.

The balance subtest of the BOTMP was used to assess standing and walking
balance in two groups of children. It consists of 8 items; 3 items for standing balance

and 5 items for walking balance.

Although the total scores of the balance subtest of BOTMP was not statistically
significantly different between children with HFA and typical children (p<0.05),
children with HFA demonstrated statistically significant lower point scores in the tasks
of standing on preferred leg on floor on balance beam (item 2), walking forward heel-
to-toe on walking line (item 6) and walking forward heel-to-toe on balance beam (item
7) (p<0.05) than typical children did. It probably implies that children with HFA are
difficult to control their balance in narrow and sway supporting surface and do tandem
walking. More sample size of children with HFA may improve the difference of the
total point scores between two groups.

Maintaining the balance while standing and walking is essential for many
functional activities and has a considerable impact on the social integration of the child
with his peer groups (e.g. playing with other peers, sport game). Pediatric physical
therapists should be carefully screened for the presence of functional balance deficit in
order for the children with autism to have the benefits of appropriate therapeutic
intervention. Functional balance in variable activities such as walking on difference

supporting surface or obstacle course is suggested in the further study.
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APPENDIX B
INFORMED CONSENT FORM (IN THAI)
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(Informed Consent Form)
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APPENDIX C
INFORMED ASSSENT FORM (IN THAI)
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(Informed Assent Form)
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APPENDIX D
INTERVIEW FORM (IN THALI)
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DATA COLLECTION FORM (IN THAI)

Appendix / 72

suutiuiindeyanamsnaaoy

@ <
ERZa (1271 OO G TR
Y
WIMUN e NIANTY AU

e O ae [ wags

Sunpoual Aneaey ... R A
Sunpoual wa R /A
01 VA R

MINATIUANNDUAVD IV

4 1
A5 1 T O 4ne
4 1
A5 2 T O dne
Yy Ag o
agl 1. W9enAnatia
A
130
' a3
2. seylild  @nidenldundhg

L] an

L] an

[ dhe

< =
L1 enguning

< A A
L] wneongan

L] an

L] amn




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) / 73

vnldmeasy [ 418 [ am

BALANCE SUBTEST OF THE BOTMP FORM
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APPENDIX F
STANDARDIZED INSTRUCTIONS
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APPENDIX G
COMPREHENSIVE TEST

HULUNATBUANNANIMFTINOUNMTNATBUNITNITINM
Yngilszasnvesnisnaaey
A 9 o Y 9 9 < A A 1 (=} 1
LW@i%ﬂﬂﬂﬁﬂ\‘]ﬂiQW'lﬂ'IUﬂ'J'lNLsU']Glﬂ"U@QLﬂﬂ@@Wﬁﬁﬂ 'nvlililwaﬂﬁgﬂﬂﬁﬁfni

suilasazinladidalumsnageunngam

HUUNATOUANN]D
Y
TumsnageuuaazndeslinsesuieazaIse 1 ATINOUNMINATDY
\J d‘ A T A
M 1 onoo
A 9 A 9 d?’ = Yy A 9 1T v Qy
MNadlernuulfy enlledevru Madeiuiiou Tasduileds defuilalein
A A o dy 3 1 7
U090 RWuVT 6 ASIADIU
1A A X Y v
M 2 wasuiuulazanulinm vaene?
Ay £ 9 A Ay va A 2 o A a
Hotanilamauen  dednieleinruaziionay snaau lduuvisauu
e ~ o Y Ao B Yy v 9 A 9 9 g
wunszay 11euulay mudundmuald udrdndwhnmnaewned Teeluliiuas

Tauahnm



Piyatida Naksakul Appendix / 78

APPENDIX H

Figure H.1 Curve of weight and height for Thai boys by age (from Siriraj Hospital’s
growth chart)
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Figure H.2 Curve of weight and height for Thai girls by age (from Siriraj Hospital’s
growth chart)
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APPENDIX |
RESULTS OF PILOT STUDY

The purpose of this study was to compare standing and walking balance ability
between children with autism and typical children. All subjects were boys aged ranges
from 7 to 11 years and recruited from Yuwaprasart Wittayopatum Hospital,
Samutprakarn. The characteristics of the subjects are shown in Table I1.

Both groups were tested the standing and walking balance based on the balance
subtest of the BOTMP. Eight items of balance test consist of standing on preferred leg
on floor (item 1), standing on preferred leg on balance beam (item 2), standing on
preferred leg on balance beam with eyes closed (item 3), walking forward on walking
line (item 4) , walking forward on balance beam (item 5), walking forward heel-to-toe
on walking line (item 6), walking forward heel-to-toe on balance beam (item 7) and
stepping over response speed stick on balance beam (item 8), respectively. The order
of testing follow the instruction of the BOTMP manual from item 1 to item 8.

Table 11 Characteristics of the children with autism (n=5) and typical children (n=5)

Subject Children with autism Typical children

No. Age | Weight | Height Age | Weight Height

(yr) (kg) (cm) (yr) (kg) (cm)

1 7.4 32.2 115 10.2 27 130

2 10.6 25 128 11.3 40 134

3 9.4 28 131 8.5 23 129

4 10.5 354 139 10.3 22 126

5 10.2 45 135 10.2 21 123
Mean 10.1 33.3 129.6 9.7 26.6 128.4

SD 0.9 6.9 8.2 1.2 7.0 3.7
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The results showed that there were significant different between children with
autism and typical children in item 2 ( standing on preferred leg on balance beam),
item6 (walking forward heel-to-toe on walking line), item7 (walking forward heel-to-
toe on balance beam ) and total scores of balance test of the BOTMP (p<0.05). The
results of item 1 toitem 8 are shown in Table 12 and the results of total score are

shown in Table 13.

Table 12 Comparison between children with autism and typical children of each items
of the BOTMP balance subtest

Children Typical

Balance subtest item with autism children P

Median | min-max | Median | min-max

1. standing on preferred leg 2 1-4 4 4-4 0.151
on floor

2. standing on preferred leg 4 1-6 6 6-6 0.032*
on balance beam

3.standing on preferred leg on 1 1-7 7 2-7 0.056
balance beam with eyes closed

4. walking forward on walking line 3 3-3 3 2-3 0.690
5.walking forward on balance beam 3 1-4 4 3-4 0.095
6. walking forward heel-to-toe 1 0-2 2 2-3 0.032*
on walking line

7. walking forward heel-to-toe 1 1-2 2 2-3 0.016*

On balance beam

8.stepping over response speed 1 0-1 1 1-1 0.690

stick on bhalance beam

*p - value < 0.05

min = minimum
max = maximum
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Table 13 Comparison between children with autism and typical children of total
scores the BOTMP balance subtest

Group Median Mode Mean SD P
Children 18 30 17.6 6.02
with autism 0.016*
Typical 30 31 29 2.12
children

*p - value <0.05

The elapsed time (in second) in standing on preferred leg on floor (item 1),

standing on preferred leg on balance beam (item 2) and standing on preferred leg on

balance beam with eyes closed (item3) based on the BOTMP balance subtest are

shown in Table 4. The results showed that there were significant different between

children with autism and typical children in item 3.

Table 14 Comparison between children with autism and typical children of elapsed

time (in second) in standing on preferred leg on floor (item 1), standing on preferred

leg on balance beam (item 2) and standing on preferred leg on balance beam with eyes
closed (item3) based on the BOTMP balance subtest

Children Typical
Balance subtest item with autism children P
Mean SD
1. standing on preferred leg on floor 5.91 10.00 0.070
2. standing on preferred leg on balance beam 7.43 10.00 0.174
3. standing on preferred leg on balance beam 4.03 8.85 0.047*

with eyes closed

*p - value < 0.05

Test-retest reliability the balance subtests of the BOTMP were high

(1CC=0.98), and there are no difference between test and retest for balance subtest in

children with autism. The correlation of test and retest are shown in table 15.
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Table 15 Intraclass Correlation Coefficient (ICC) of the BOTMP balance subtest in

children with autism

Test-retest Reliability
ICC 0.99
954 CI 0.96-0.99

Sample size of nonparametric statistic in the present study was calculated by
the sample size calculation program, N-Query version 3.0. Eight subjects of each

group were the appropriate amount for collecting data in this study.
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APPENDIX J
RAW DATA OF THE STUDY

Table J.1 Characteristics of the subjects (n=26)

No. % Age | Weight | Height No. % Age |Weight | Height
& (yr) (kg) | (cm) © | yn | (kg) (cm)

HAL | M [1267 ] 693 165 | TYl | M | 1293 | 62.0 | 168.0
HA2 | M [1158| 528 | 1595 | TY2 | M | 1250 | 470 | 156.0
HA3 | F [1058| 377 | 1455 | TY3 | F | 958 | 430 | 1430
HA4 | M [1017 | 422 | 1430 | TY4 | M | 9.83 | 39.0 | 140.0
HA5 | M | 975 | 350 | 1365 | TYS | M | 925 | 378 | 136.0
HA6 | M | 1092| 390 | 1455 | TY6 | M | 1000 | 410 | 148.0
HA7 | M 1 1283| 331 | 1550 | TY7 | M | 1250 | 380 | 1535
HA8 | M | 1150| 244 | 1385 | TY8 | M | 1058 | 260 | 137.0
HA9 | M | 1000| 308 | 1320 | TYS | M | 948 | 300 | 1310
HAIO | M | 925 | 300 | 1235 | TY1I0 | M | 958 | 250 | 130.0
HALl | M | 1267| 506 | 1490 | TYLL | M | 1217 | 534 | 149.0
HA12 | M | 1242 | 302 | 1335 | TY12 | M | 1258 | 340 | 150.0
HA13 | M | 1042| 266 | 1270 | TY13 | M | 1025 | 242 | 130.0

HA = high-functioning autism children

TY = typical children

M = male

F = female
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Table J.2 The point scores of item 1 to item 8 based on the BOTMP balance subtest
in the children with HFA (n=13) and the typical children (n=13)

Children with autism Typical children

NO- — ANl M| S| IO ©| | @© = A N M| | O| © I~ @O =

EIEIE|E|IE|E|EIEI 5| E| E| E| E| E| E| E| E| 8

212 822 22 ee 8 eee
1 |4]13|2]|3|4]|2]3]|1]22]4|/6[3|3[4|3[4|0]27
2 |4/6|4(3|4|2|3|]0]26|4]|6[2[3|4|3|4]1]27
3 4162|343 |4[1[|27]4]|6|4|3[4]3[4]1]29
4 |4]6|2|3[4]3[4|0|26]|4|6|2[3[4|3|4]|1]27
5 [4]3[2]|3|/4|3]4[0[23]4|6]|1/3[4]3[4]0]25
6 |4|6|7|3]4|3|4|1[32[4|6|7]3]4]3]4]1]|32
7 141673434132 |4]|6[4[3]4]3[4]1]29
8 |4]6[2|3|4|3|4[1[|27]4|6|7|3[4]3[4]1]32
9 |[4]4]4]13|4|2]3[0[24]4|6|1|3|4]3[4]1]26
10 |46 2|34 |3|4]1|27|4]|6|7[3|4][3|4]1]32
11 |4 1411124 ]1|1]1|18|4|6|7[3|4[3[|4]1]32
12 141651341231 |28|4[6|2[3[4[3[4]0]26
13 14614 |/3[4]3[4]0/28[4|6|3|3|4[3]4]1]28

Table J.3 The raw scores of item 1 to item 8 based on the BOTMP balance subtest in
the children with HFA (n=13) and the typical children (n=13)

Children with autism

Typical children

o | « I ™ < | vl © ~| | « N ™ <| w| ©| ~| ©

Z | £ € = E| €| €| €] €| € = < el €| E| €| €

2 3 3 2 2 2 2 2 2 2 3 3 22388
1 10 506 {467 |6 |6|4|5|1]| 10| 10 | 588 |[6|6|6|6]|0
2 10 10 | 721 |6 |6 |5|5|0| 10|10 | 443 |6|6 |6 |61
3 10 10 (451 |6 |6 |6 |6 |1|10 |10 670 |6|6 |6 |61
4 10 10 (451 |6 |6 |6 |6 |0| 10|10 | 480 |6|6 |6 |6 |1
5 10 503 1532|6|6|6|6|0| 10|10 | 327 |6|6|6|6]|0
6 10 10 (981 |6 |6 |6 |6 |1 10| 10 10 |66 |6 |61
7 10 10 {978 | 6 |6 |6 |6 |1| 10| 10 | 661 6|6 |6 |6 |1
8 10 10 |381 |6 |6 |6 |6|1| 10| 10 10 |66 |6 |6 |1
9 10 70516896 |6|5|5|0]10| 10 | 214 |6 |6 |6 |6 |1
10 10 10 ({389 |6 |6 |6 |6 |1 10| 10 10 |66 |6 |6 |1
11977 | 731 | 34 | 5|6 |3 |3 |1 10 | 10 10 |66 |6 |61
12 10 10 (847 |6 |6 |4 |5|1|10]10 |37 |6|6|6|6]|0
13 10 10 |674| 6 |6 |6 |6|0| 10|10 | 625 |6|6|6|6|1
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APPENDIX K
DOCUMENTARY PROOF OF ETHICAL CLEARNCE
THE COMMITTEE ON HUMAN RIGHTS RELATED
TO HUMAN EXPERIMENTATION

No. MU 2006-177

Documentary Proof of Ethical Clearance
The Committee on Human Rights Related to
Human Experimentation
Mahidol University, Bangkok

Title of Project. Comparison of Functional Balance between Children with Autfism and Typical
Children

(Thesis for Master Degree)
Principle Investigator. = Miss Piyatida Naksakul

Name of Institution. Faculty of Physical Therapy and Applied Movement Sciences

Approved by the Commiftee on Human Rights Related to Human Experimentation

o =

(Professor Dr.Srisin Khusmith)

Signature of Chairman.

Signature of Head of the Institute.

2§ SEP 7006

Date of Approval.

2 7 SEP 2001

Date of Expiration.
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