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The aim of this study was to investigate the immediate effects of the
different sensory cues on the ability of dynamic trunk control in sitting position in
children with and without cerebral palsy (CP) aged between 8-15 years. Twenty
children with cerebral palsy (10 males, 10 females) and 20 typical children (10 males,
10 females) were matched by age and gender. All participants were asked to lean
trunk forward, backward, and to the left and the right directions as far as possible
during sitting position in each of four cue conditions that performed in random order:
no sensory, visual cue, verbal cue, and combined visual and verbal cue conditions.
The results showed that the visual or verbal cue alone could improve LOS in typical
children, but not in children with CP, whereas the combined visual and verbal cues
could improve LOS in both children with and without CP (p<0.05). In addition, the
visual or verbal cue alone could improve CoF trajectories in backward, the left and
the right directions in typical children, whereas it could improve CoF trajectories only
in forward directions in children with CP. Moreover, the combined visual and verbal
cues could improve CoF trajectories in all directions in typical children and in
forward, backward, and the left directions in children with CP (p<0.05). In conclusion,
the combined visual and verbal cues was more effective to improve LOS and CoF

trajectory in both groups.
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CHAPTER 1
INTRODUCTION

1.1 Background and Rationale

Cerebral palsy (CP) is a group of movement and postural disorders that
appear during infancy or early childhood. CP is caused by non-progressive damage to
the brain before, during, or shortly after birth (1, 2). The incident of cerebral palsy has
been reported at 2-2.5 per 1000 live births (3, 4). Children with CP shows a
complexity of motor and sensory disorders such as muscle tone abnormalities,
muscle weakness and perception impairments, leading to the limitations of mobility
and self-care activities. Furthermore, there has been reported that children with CP

have difficulty in controlling movements since their trunk control is poor (1, 5).

Ability to control trunk either static or dynamic movement has been reported
as a crucial role in postural control (6). Impairment of trunk control has been found
as a primary impairment in children and adolescents with CP and may affect
functional activities in daily life such as sitting, reaching and walking (7-10). Previous
studies have showed that the ability to control trunk in sitting position affected the
angular displacement of the head and trunk, and it was also highly correlated with
reaching performance (11, 12). In 2012, a study examining the relationship between
hand reach performance and postural adjustment in children with CP found that the
CoP displacement during reaching in children with CP showed less efficient than
typical children (TD). In addition, CoP sway ratio of trunk during reach was positively
correlated with postural control ability (9). Therefore, trunk was a key segment in the
organization of the postural control and performance of functional activity for both

static and dynamic movements.



Many techniques for improving the trunk control ability have been reported.
These techniques included traditional exercise, trunk targeted training, electrical
stimulation, hippotherapy and virtual reality game. Their aims were to increase
muscle strength, flexibility and range of motion of the trunk as well as to increase
balance and motor function (13-20). In addition, the external sensory cues such as
visual and verbal cues have been applied with functional training. Previous studies
found that external sensory cues enhanced performance and improved motor
learning (21, 22). Cues were either feedback or feedforward signals given to

individuals in order to make them have a better performance (22, 23).

Nowadays, the majority of the studies of effects of external sensory cues on
motor performance and functional activities were conducted in adult population.
Several studies showed that weigh-shift, balance, functional and gait training with
visual, rhythmic or verbal cues have positive effects on motor performance and
learning in both healthy subjects and patients with motor disability (24-31). However,
there has been a few studies of effects of external sensory cues on motor
performance and functional activities in children with cerebral palsy. In 2012, a study
the effects of gait training with visual and auditory feedback cues on walking abilities
in children with CP showed that visual and auditory feedback cues could improve
gait parameters such as walking speed and stride length in children with CP (21).
Moreover, studies have rarely used visual and verbal cues to focus ability of dynamic

trunk control during leaning movement in sitting position.

To measure the ability to control the trunk, it has been recommended to
measure in sitting position without feet support. Hence, lower extremities cannot be
used as a compensation strategy. In addition, sitting position without feet support has
a higher test-retest reliability (ICC = 0.74-0.94) in leaning/reaching four directions
(forward, backward, left and right side) than sitting with feet support (ICC = 0.39-0.82)

(32). Additionally, a maximum leaning/reaching in seated postural stability



represented to the ability of trunk control measured by CoP displacement and the
limit of stability (LOS) in total area of all directions displacement (cm?) (32, 33).
Besides CoP displacement and LOS, center of force (CoF) displacement have been
used to measure how well individuals can control their body or trunk during dynamic

movement in adult population (34).

Therefore, this study was investigated and compared the immediate effects of
visual and verbal cues on the ability of dynamic trunk control during leaning

movement in sitting position in children with and without cerebral palsy.

1.2 Objective of the study

The objective of the study was to investigate of the immediate effects of
adding different types of cues including visual, verbal, and combined visual and
verbal cues in each direction on the ability of dynamic trunk control in sitting

position between children with and without cerebral palsy.

1.3 Scope of the study

This study investigated the immediate effects of visual, verbal, and combined
visual and verbal cues on the ability of dynamic trunk control in sitting position in
children with and without cerebral palsy aged between 8-15 years. Participants who
were eligible to this study were recruited from Bangkok and metropolitan area,
Thailand. Both children with and without CP were asked to lean trunk forward,
backward, and to the left and the right directions as far as possible under four
sensory cue conditions; no sensory cue, visual cue, verbal cue, and combined visual

and verbal cue conditions during sitting.



1.4 Research Questions

1.) Would be there an interaction effect among groups, conditions, and

directions of movements on the dynamic trunk control?

2.) Would be there an interaction effect between the groups and conditions

on the dynamic trunk control?

3.) Would be there an interaction effect between the groups and directions

on dynamic trunk control?

4.) Would be there an interaction effect between the conditions and

directions on the dynamic trunk control?

5.) Would the dynamic trunk control of the children with and without

cerebral palsy differ from each other?
6.) Would the dynamic trunk control differ among 4 conditions?

7.) Would the dynamic trunk control differ among 4 directions?

1.5 Hypotheses of the study

1) There would be group x condition x direction interaction effects on the

dynamic trunk control (Center of force trajectory).

2) There would be a group x condition interaction effects on the dynamic

trunk control (Center of force trajectory, Limit of stability).

3) There would be a group x direction interaction effects on the dynamic

trunk control (Center of force trajectory).

4) There would be a condition x direction interaction effects on the dynamic

trunk control (Center of force trajectory).

5) There would be a group main effects on the dynamic trunk control (Center

of force trajectory, Limit of stability).



6.) There would be a condition main effects on the dynamic trunk control

(Center of force trajectory, Limit of stability).

7) There would be a direction main effects on the dynamic trunk control

(Center of force trajectory).

1.6 Advantage of the study

The researcher expects that combine sensory cues between visual and verbal
cues would be a one method used to assist in the clinical training to improve
dynamic trunk control during leaning movement in sit position in children with

cerebral palsy.



CHAPTER 2
LITHERATURE REVIEW

2.1 Cerebral Palsy

Cerebral palsy (CP) describes a group of permanent disorders of the
development of movement and posture, causing activity limitations that are
attributed to non-progressive disturbances that occurred in the developing fetal or
infant brain. The motor disorders of CP are often accompanied by disturbances of
sensation, perception, cognition, communication, and behavior; by epilepsy, and by
secondary musculoskeletal problems (2, 35). The lesion in the brain may occur
during the prenatal, perinatal or postnatal periods. Any non-progressive central
nervous system (CNS) injury occurring in the developing fetal or infant brain is

considered to be CP (2, 35).

The motor disorders of cerebral palsy are complex and the problems of
clinical finding have three parts. The primary impairments are muscle tone
abnormalities and trunk control impairment, which are directly related to loss
postural control and loss of selective motor control. Secondary impairment can
include muscle weakness, muscle contracture and deformity developing over time in
response to the primary problems and musculoskeletal growth. Lastly, the tertiary
impairments are adaptive mechanisms and coping responses that the children
develop to adapt to the primary and secondary problems. Based on a severity of the
problems in each person with CP development (1, 36). Moreover, trunk control
impairment is directly related to loss of postural control, which is the main problem

that causes a limitation of functional activity.

2.2 Prevalence of Cerebral palsy

Cerebral palsy (CP) is the most common neuromotor disorder of childhood

today. It is omnipresent and it occurs all around the world. The average incident of



cerebral palsy has been reported at 2-2.5 per 1000 live birth (3, 4). In 2013, Oskoui et
al published a paper in an update on the prevalence of cerebral palsy that included
the studies about the prevalence of CP published between 1985-2011 in Caucasian.
They found that the overall prevalence of CP was 2.11 per 1000 live birth, as well as
its relationship with gestational age and birth weight (37). In addition, a cohort study
of prevalence of CP in Asian ethnic subgroups born in the United states occurred in
California by Lang et al.(2012) reports that Asian subgroups (Thai including) have a
prevalence of CP lower than whites infants (1.09 vs 1.36 per 1000 live birth).
Nowadays, this disparity is unexplained. Therefore, the difference of race in

sociodemographic factor may be a cause of prevalence disparities in CP (38).

Furthermore, in Thailand have a few studied of the database on the
prevalence of children cerebral palsy. In this year (2016), Ngamthanawat and his co-
worker studied about epidemiology of pediatric patients at department of
rehabilitation medicine, Siriraj Hospital. A retrospective study of new pediatric
outpatients attending the rehabilitation out-patient clinic for the first time in 2011,
(January 1" to December 31St, 2011) aged range between 0-14 yrs. They found that
114 out of 443 patients were children with neurology disorders and 50% of them
were children with cerebral palsy. The most common type of cerebral palsy is

spastic (95.8%) (39).

2.3 Classification of Cerebral palsy

Children with CP have a wide variability in severity of the impairment. They
can be classified into four categories according to the predominant characteristics of
the motor finding which includes spastic, dyskinetic, ataxia and mixed types (1). The
predominant type of cerebral palsy is spastic classification (50%). The spasticity is
defined as an increase in the physiological resistance of muscle to passive motion.
Spastic CP is anatomically distribution into three subtypes consisting of hemiplegia,

diplegia and quadriplegia (total body involvement-tetraplegia). Hemiplegia is one side



of the body with the upper extremity generally more affected than the lower.
Diplegia subtype has more spasticity in the legs than in the arms. And quadriplegia
subtype is the most severe form. All four limbs, the trunk and muscles that control
the mouth, tongue, and pharynx are involved (1, 40). The second is the dyskinetic or
athetosis form, involving about 20% of children with CP. Dyskinetic or athetosis is
defined as abnormal movement that occurs when the patient initiates movement
and uncontrolled of movement. The third is ataxic CP making up the remaining 10%
of children with CP. Ataxic is defined as primarily a disorder of balance and control in
the timing of coordinated movements. The last one is mixed CP type which makes
up the remaining 20% of children with CP that are defined as a commonly have mild

spastic, dystonia and/or athetoid movements (1, 40, 41).

In the clinic, the most common tools for identifying the severity of
dysfunction in children with CP are the Gross Motor Classification System-Expanded
and Revised (GMFCS-E&R) (see Appendix A). GMFCS contains five levels of severity
from level I-V. Level | is most able to level V is most limited (42, 43). Hence, all of
the CP types will affect limitation to their functional activity in daily life caused by
trunk control impairment, which is directly related to the loss postural control and is
the primary problem of all children with CP such as sitting, standing and walking (44,
45). From my review of prevalence and classification of cerebral palsy showed that
the most common type is spastic diplegia of cerebral palsy. Hence, this study will

use spastic diplegia for participants group.

2.4 Postural control

Postural control is the act of maintaining, achieving or restoring a state of
balance during any posture or activity that involves controlling the body’s position in
space for the dual purposes of orientation and stability (46). Assaiante et al.
described that the trunk is a key segment in the organization of postural stabilization

and orientation control (47). Postural orientation is defined as the ability to maintain



an appropriate relationship between body segments and between the body and the
environment during a task (48). Postural stability also referred to as balance, is the
ability to control the center of mass (CoM) in relation to the base of support. CoM is
defined as a point at the center of the total body mass and is located in the trunk

(46).

In addition, the organizing of postural control or postural adjustment during
movement is achieved by means of two major mechanisms consisting of feedback
(reactive) and feedforward (predictive) control (46). The definition of feedback is the
return of all the sensory information that is available as the results of a movement
that a person has produced (46). This feedback is divided into two subclasses,
intrinsic (inherent) feedback and extrinsic (augmented) feedback(46). The intrinsic
feedback is the individual simply through the various sensory systems as a result of
the normal production of the movement. The extrinsic feedback is information that
supplements intrinsic feedback. Then the feedback control can help to promote and
provide to return information for increase ability of movement (23, 46). Feedforward
control or anticipatory postural adjustment (49) is a preparatory anticipatory postural
adjustment, occurring prior to voluntary limb movement, maintain postural stability
by adapting to any destabilizing forces. Hence, both of feedback and feedforward
control support to perform an efficiency of posture execution during motor activity

(Fig. 2.1) (50).

Furthermore, feedback control has affected to motor learning by made a
knowledge of results (KR) or knowledge of performance (KP) (46). Knowledge of
results (KR) has been defined as terminal feedback about the outcome of the
movement, in terms of the movement’s goal. In addition, knowledge of performance
(KP) is feedback relating to the movement pattern used to achieve the goal (46).
Both of knowledge from feedback mechanism that helps to learn of body to control

of movement is well.
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Figure 2.1 Organization of postural control

(Modified from Raine et al., 2009)
2.4.1 Theories of developing postural control

Several theories of the child development try to relate neural structure and
behavior in developing infants. Around the 20" century, researchers believed that
complex behavior could be explained through the combined action of individual
reflex and focused in the nervous system. The reflexes controlled by lower levels of
the neural hierarchy are present only such as tonic attitudinal reflexes produce
persisting changes in body posture that result from a change in head position of
infants. This theory has been referred to as a reflex/hierarchical theory (46). Later,
researchers focused more on the system of postural control caused by postural
control are complex and context-dependent of an environment. Many of the newer
theories of postural control did not emerge only from the nervous system but also
form other system interaction between individual with task and environment to
control movement and posture. Hence, postural control emerges from three factors:
the individual, the task and the environment. In addition, postural control comprises

of seven components, which there are musculoskeletal component, neuromuscular
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synergies, individual sensory system, sensory strategies, internal representation,
anticipatory mechanism and adaptive mechanism (Fig. 2.2) (46, 51). All of the
components are important to maintain a stability of the body during static and

dynamic movements.
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Figure 2.2 Postural control components

(Modified from Shumway-Cook and Woollacott, 2012)

The postural control requires an active sensorimotor control system. Sensory
inputs serve as the stimulation for reflexive movement consisted of proprioceptive
(somatosensory), visual, and vestibular systems. There was integrated all of the
sensory information, in order to generate motor responses (46, 52). In typical
children, the development of sensory perception did not complete, although their
anatomical structures matured early in life. The sensory system was developed more
slower than the motor processes that mature early in childhood (52). For
proprioceptive function, there was developed early around 2 months of life and
became comparable with the adult level at the age of 3-4 years. For visual and

vestibular function, there were reached the adult level at the age of 15-16 years.
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However, girls and boys were developed of three sensory system unequally, while

the development of girls are slightly faster than boys (52, 53).

During the last century, Edelman attempted to explain the variability in
developing postural control (normal motor development) with the Neuronal Group
Selection Theory (43) (54), based on the Neural-Maturationist Theory and the
Dynamic System Theory. The NGST states that the development starts with a primary
neuronal repertoire that is called primary variability phase. Neural system explores
by means of self-generated activity, and consequently by self-generated afferent
information. This state occurs during fetal and infancy. After that, when the infant
had more experience from movement exploration. The infants will select of most
effective motor patterns and their associated neuronal groups before shows a
movement specific of task. This small phase called a transient phase. The last phase
is secondary variability phase, in which motor performance can be adapted to
specific situation based on active trial and error experiences that are specific to the

individual (55).

2.5 Trunk control

The trunk is a center key point of the body. The regions of the trunk starting
from the cervical/thoracic followed by the lumbar/pelvic regions (12).Trunk control is
the ability of trunk muscles that helps to remain upright position, adjust weight shift
and maintain center of mass within base of support during static and dynamic of
activities in daily life (49). In addition, trunk control has an important aspect of a
child’s development. Without it, the ability of balance maintaining and responsive
development can be worsened. (46). The stability of trunk control facilitates the use
of hand in various activities; it also helps children remain seated. Furthermore, it
helps body work on function activities such as sitting and reaching movement,

standing and walking (5, 11, 12)



13

2.5.1 Trunk control in typical children

Initially, a normal Infant develops a cephalo-caudal order recruitment of
trunk postural muscles related to ability of motor development in daily life such as
reaching, sitting (56). The study of Hadders-Algra (2005) has studied the control of
posture that related of trunk control during the first 18 months of life. It can be
separated into 2 functional levels. At the basic level of control (about 0-6 months),
which has an innate origin, infants explore variability of movements. Infants show a
large of movement such as infant may activate one, two or more direction-specific
muscles in any combination. When an infant is growing up, the numbers of direction-
specific muscles are reduced and the movement is more specific. The second level
(6 months onward) concerns the adaptation of direction-specific adjustments. The
infants well select the most appropriate movement and less variability. They can
adapt their trunk control to a specific situation such as sitting independent, which
reflects the postural development of the head and trunk are an emergent dynamic
skill. At around the age of 13-14 months, anticipatory control emerges, suggesting
that at this age infants develop the ability to integrate feed-forward control into
trunk control in order to maintain balance control and the efficiency of the task.
However, the ability of postural control is not maturity (not like adults) (57). When
children are up to 3 years of age, the trunk is the major reference frame for postural
control (47). These functional levels of postural control development are agreeable

with the Neuronal Group Selection Theory (43).

The development of trunk control requires the coordination of sensory and
motor information relating two body segments. There are head and trunk for control
of posture (46). However, there is related to age. Around 2 months after birth, the
infants emerged coordinated muscles action at the neck for posture consisted of
visual, somatosensory and vestibular systems maps to neck muscles. After that, the
multisensory mapping to neck muscles for head control around aged 4 months (46).
As infants begin to sit independently (around 6-8 mo.). In addition, the ability to

control trunk in sitting position affected the angular displacement of the head and
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trunk, and it was also highly correlated with reaching performance (11, 12). Until
aged 7-8 years old, the postural control has shown patterns like adults and there
was no correlation between structural growth of the human body and sway during

normal quiet stance (46).

During the upright sitting position, Co-activation of the musculature
surrounding the spine provides multi-directional stiffness that increases the stability
of the trunk. A large number of trunk muscle sets and forces exist that can facilitate
the same body posture and/or movement. In the previous studied about
electromyography (EMG) patterns of the trunk muscles to postural perturbation
during sitting position in healthy subject. There were four rotational perturbations
(forward, backward, left and right) and 12 trunk muscles recorded bilaterally by EMG
which consists of the erector spinae at two level (T10, L3), The obliquus abdominis
externus (EO), the obliquus abdominis internus (I0), the rectus abdominis (RA) and
the latissimus dorsi (LD). All muscles could be grouped into four quadrants (left
abdomen, right abdomen, left back and right back). The results found that before the
perturbation some background EMG activity was present in the trunk muscle, which
was higher in the back than in the abdominal muscles. During fast backward rotations
of the seat, the muscle of abdominals contraction was evoked more than back
muscles. In contrast, the fast forward tilts were responded with a contraction of back
muscles more than abdominal muscles. In sagittal plane (left perturbation), the right
back muscles contracted and left back muscles relaxed. An opposite pattern was
seen during right perturbations, no condition was an alternating EMG activity
observed between the right and left abdominal muscles (58). Therefore, various
conditions can impact the difference of muscle responsiveness and intensity. In
addition, muscle contraction corresponds with the performing of movement. For
example, during backward tilt perturbations, the abdominal muscles contraction
corresponded with an observed trunk flexion, which was an appropriate behavior in

order maintain balance.
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For reaching during sit position (like a leaning during sit position), the
kinematics of trunk in forward reaching during sitting position found that the trunk
motion and hip joint angular displacement positive relationship with reach distance.
As distance increased, the magnitude of trunk motion was significantly increase

flexion (59).

2.5.2 Trunk control in children with cerebral palsy

One of the key problems of children with CP is insufficient of postural control
effect to trunk control ability. The impairment of trunk control largely interferes with
daily of life activities. In addition, there are interrupt the development of the
individual child depend on many factors such as the site and size of the brain lesion
(45, 60). In term of spastic CP, the neurophysiological abnormalities underlying the
symptoms such as spasticity, excessive co-activation of antagonistic muscles during
locomotion and postural adjustment, weakness and inappropriate timing of muscle
activation are made to poorly movements. As a result of children with spastic CP
lacked direction-specific postural adjustments and was not able to adjust postural
activity to task-specific conditions (45). During sitting in cross-legs position on a
movable platform in forward translation with induced backward sway of the body in
typical children and children with CP, aged 7-11 years. The normal of muscle
activities after perturbations in typical children that order of muscle recruitment was
caudal to cranial muscle activities (bottom up muscle recruitment) measured by EMG
activities for stabilizing in sitting position such as hip flexors muscles activated before
neck flexors muscles. Whereas CP was reversed, who started the response with the
neck flexors muscle activate before other muscles recruitment (abnormal top-down
muscle recruitment) correspond to reported data during standing (45, 61). In
addition, the children with CP diplegia exhibited more stereotyped patterns or
direction specific postural adjustment of muscle activities than typical children.
Arguments in favor of the latter description are finding of Hadders-Algra and co-
worker who demonstrated that the Children with CP were lack of pattern variation is

a crucial characteristic of muscle coordination when activities in young infant
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development (45, 62). The difference could be explained by biomechanical factors
as an unstable sitting position or by dysfunction of the neural circuits generating the

postural adjustment (45, 60).

In 2013, Hayman et al. studies about characteristic in clinical of impaired
trunk control in children with CP, in the age group 8-15 years. The results showed
impairments in their trunk control ability that children with hemiplegia were the
greatest of trunk performance, followed by children with diplegia and children with
quadriplegia. Furthermore, the ability of trunk control was significantly decreased
with increasing GMFCS level. The conclusion, trunk control is impaired in children
with CP to a several degrees, depending on the topography and severity of the

motor impairment (7).

Moreover, the deviations may also be due to a primary impairment of the
trunk. The primary impairment in the trunk must cause compensatory movements in
gait for example by the study of Attiias and co-worker (2014) study about trunk
movement during gait in CP found that gait movement of CP relationship with thorax
spine movement so when the range of motion of the trunk increased effect to
decreased of the gait speeds and the higher of trunk ROM were associated with
greater impairment level of CP. Hence, the trunk plays (thorax level) an important
role during gait in CP (36). Whereas, assessment of trunk control during sitting may
provide information about primary impairment in trunk control only. Van der Heide
et al. (2004), studied about postural control during reaching in sitting for preterm
children with cerebral palsy age between 2-11 years old found that CP showed
direction-inappropriate response occurred in neck trunk and leg muscles (e.g. neck
extensor and rectus femoris muscles more activity than trunk muscles) that unlike
the typical children (e.g. most muscles work is thoracal extensor). In addition, latency
postural muscle onset in which the dorsal postural muscles neck extensor and

thoracal extensor were activated. Typical children showed a slight preference for a



17

bottom-up recruitment (thoracal extensor muscles onset before neck extensor). In
contrast, the children with CP showed a strong preference for a top-down

recruitment order (60).

The muscle properties affected on ability of movement. The previous study
in children with cerebral palsy reported that muscle in spastic CP usually develop
contractures and limit of joint range (63). Additionally, children with CP was
documented low force production, and attributed to either incomplete recruitment
or decreased motor unit discharge rates during maximum voluntary contractions as
compared with typical children (64). During functional tasks, the lower force-
generating capacity in children with CP produces a lower force reserve to sustain

activity, so that children with CP are functionally more fatigable (63, 64).

2.6 Trunk training

Trunk training exercise is a part of postural control training, that important
treatment in the patient with motor disorders as for example cerebral palsy. The
cerebral palsy suffer from trunk control dysfunction contributing to limitations in the
gross motor skills that require balance (65). Stackhouse et al. suggested that the
exercise training isotonic activity only, with not enough emphasis on isometric and
eccentric components of muscle work for children with CP. Because the children
with CP demonstrate large deficits in voluntary muscle activation, using voluntary
contractions for strength training may not produce forces sufficient to cause muscle
hypertrophy and recommended additions such as enhanced sensory feedback cues
may have the potential to further augment gains in force by facilitating agonist
muscle activation and inhibiting antagonist co-activation (64). In clinical field, the
treatment of CP especially trunk control rehabilitation in clinic has a many
techniques for training to improve trunk ability of movement that induces
strengthening muscle, flexibility and increasing the range of motion of the trunk

effects in balance and motor function increase is well such as traditional exercise,
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trunk targeted training, electrical Stimulation, hippotherapy and virtual reality game

(13-18).

In 2015, El-Basatiny and Abdel-aziem studied about effect of trunk exercises
on trunk control, balance and mobility function in children with CP hemiparetic
showed that additional of specific trunk exercises to conventional therapy in three
months had a significantly better improvement in score of ability of trunk control,
berg balance scale and dynamic gait index, as compared to the conventional
exercise only (13). In the same year, Khan et al. investigated of arm movement
exercises training in diagonal pattern without specific balance control training can
improve trunk postural control in 6 weeks for children with CP diplegia cause by arm
training exercises in diagonal pattern induced trunk muscle activity performed all the
time (66). Recently, the trunk targeted training to improve trunk muscle strengthening
and control in children with CP used equipment to help for training of specific trunk
muscle. Unger et al. studied about effect of trunk-targeted intervention using whole
body vibration (WBV) on posture and gait in children with spastic CP in 4 weeks
showed that the trunk-targeted intervention using WBV can improve short-term

improve posture and self-select fast walking (17).

Electrical stimulation (ES) is the elicitation of muscle contraction using electric
impulses. ES has been used for many years to increase muscle strength and to
decrease of spastic. Park et al. described that the addition of ES with conventional
therapy by putting on abdomen and posterior back muscles for 30 min. per day and
6 days per week in total times at 6 weeks can improve kyphotic angle and sitting
score-GMFM were significantly higher in ES group when compared with the

conventional therapy only in young children with CP diplegia (19).

Hippotherapy is one technique for treatment can improve the ability of trunk

in children with CP. There is a provision of sensory and motor input via the
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movement of the horse. Kang et al. demonstrated that the addition of hippotherapy
with traditional physical therapy can improve the ability of sitting balance by sway
pathway and velocity significantly decreased in addition of hippotherapy compared
to traditional physical therapy alone (20).

The virtual reality game or Wii balance board is one of equipment to
stimulate performance during activity by sensory feedback guided to perform action.
Barton et al. showed that the visual reality game training in 6 weeks, twice a week for
30 minutes can increased trunk and pelvic coupling indicating a more synchronized
rotation of the trunk and pelvic after game training in children with CP (16). And
other studied about effect of training using specially developed serious games by Wi
balance board found that after training children with CP presented a significant

improvement in global score of Trunk Control Measurement Scale (TCMS) (67).

In addition, training with sensory cues by visual and auditory including verbal
cues have been found to enhance performance, motor learning and walking in
patient with motor disability such as stroke, Parkinson’ disease or cerebral palsy (21,
22, 27, 28, 68, 69) and there is another way for clinician that is easy to apply in

clinical training with patient’s motor disability.

2.7 Sensory cues

Sensory cues are signals, which can be extracted from the sensory input by a
perceiver, to be used to help a child anticipating an event. Sensory cues consist of
visual cues, auditory (sound) cues created by rhythmic or verbal instruction, tactile
(touch) cues, olfactory (smell) cues and kinesthesis (movement cues). These sensory
cues are generally applied in the training for patients in clinics since they can
enhance the attention of subjects. Moreover, the externally cued training could be
an effective interventional strategy for improving movement ability. The majority of

previous studies reveal that the task performed under the external sensory cues
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show more stabilization of gait and training effects comparing with the task which is
initiated in people with the motor disability such as Parkinson’s disease, stroke and

cerebral palsy (21, 69-71).

Among these strategies, the research shows that the visual and auditory cues
(both rhythmic and verbal) are the two strategies which strongly influence the
learning skills. In addition, there is common to use for additional sensory cues during

training with patients in clinic.

2.7.1 Visual cue

Visual cues are picture signals which are received by eyes in the form of light
then they are processed by the visual system during seeing or visual perception.
Visual system will automatically process visual information, that vision directly yields

spatial information (72).

Mechanism: The visual pathway begins from eyes to the primary visual
cortex in the brain. From the same scene, each eye generates the visual cues which
are slightly different. Vision is generated by photoreceptors in the, “retina”, a layer of
cells at the back of the eye ball. Information is sent from the eyes through the optic
nerves called as axons. There are partial crossings of axons in the area of optic
chiasm. After this area, the axons are called optic tract. The information of the left
visual field projects to the right hemisphere. Similarly, information of the right visual
field projects to the left one. The optic tract wraps around the midbrain to get to the
lateral geniculate nucleus (LGN) in the thalamus, where all the axons must synapse.
From there, the LGN axons fan out through the deep white matter of the brain as
the “optic radiations”, which will ultimately travel to the “primary visual cortex” at

the occipital lobe of the brain (Fig. 2.3) (73).
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Figure 2.3 Visual pathway from the eye to primary visual cortex (74)

Primary visual area linked to motor area

The visual area could be broadly separated into two streams on the basis of
anatomical and behavioral evidence. The first one is the dorsal stream which its
function is coding the location of visual objects (where is it?) that projecting to the
posterior parietal (PP) cortex. Another one is the ventral stream which identifies the
nature of the object (what is it?) that projecting eventually to the inferior temporal
(IT) cortex. The evidence is now clear that the dorsal stream projects heavily to the
cerebellum by way of the pontien nuclei. Whereas, the ventral stream which has a
little or no such projection. Hence, the first step in the pathway which links visual
signal to motor cortical areas is by way of the dorsal stream because lesions of these
areas profoundly impair visual guidance of movement. By contrast, lesions of cortical
areas in the ventral stream can impair form, color or face recognition but do not
affect visuomotor coordination. The information from the dorsal stream visual area
send to the visual association cortex in the parietal lobe and they go to motor cortex
in the frontal lobe to control of movements (Fig. 2.4) (73, 75). Therefore, the visual
cues are the one sensory cues that provide more information for enhancing

performance of movement.
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Figure 2.4 Primary visual area link to the motor cortex (76)

Benefits of movement: Visual cues are the large source of information,
which visual is tied to spatial character of visual information. Visual input tends to
dominate other modalities in perceptual and memorial reports. Other from this, the
visual information was dominant in the maintenance of balance both among infant
subjects and adults (72). Therefore, visual cues can induce a more external focus of
attention influencing perception and actions by the activation of a specific
visuomotor pathway. The studies used to visual cues or visual information to
improve ability of activity movement in treatment of patients both children and

adults populations (31, 72, 77).

Visual cues is used for a long time to improve gait in patients with Parkinson’s
disease. It demonstrated to enhance ability of gait parameters including stride length,
gait speed and cadence. Because of visual cues may act to focus attention on

markers or targets (31). In stroke patients, the effects of visual feedback training (6
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mo) can improve dynamic balance function and an occurrence falls decreased more

than no visual feedback training (25).

Bryanton (2006) studied the comparison of virtual reality (VR) and
conventional home exercise in children with CP on ability of ankle movements
(dorsiflexion). A result found that VR exercise was better control of active ankle
dorsiflexion movement and greater interesting in doing exercise than conventional
home exercise. Hence, visual information created by VR can stimulate attentional

focus and enhanced performance during movements (77).

2.7.2 Verbal cues

The verbal cues are a voice of a therapist or instructor. Since they can
stimulate awareness of hearing, verbal cues are a part of auditory cues. The auditory
cues are a sound signal that represents and causes the brain to hear. The results of
receiving and processing these cues are collectively known as the sense of hearing.
Most auditory cues for training or therapy created by rhythmic and verbal auditory
stimulation. Both of cues are useful to enhance motor performance and learning in

movement activities (26, 29).

In clinical practices, verbal cues are easy to use by instructors. Clinicians can
always use additional verbal commands for training when they notice the need to
stimulate movements in order to achieve a task or enhance task’s performance. As a
consequence, the verbal cues are the focus of this review. The verbal cues are
verbal commands or verbal instructions which succinct phrases and they are often
just one or two words. Augmented verbal cues refer to cues provided by an
instructor or a clinician. The effects of verbal cues are directing attention to critical

task stimuli and information (26).
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Mechanism: The auditory cues created by verbal instruction are presented as
sound wave. These cues pass through the pinna and the auditory canal. Then they
reach the tympanic membrane in the middle ear (eardrum) to produce vibration of
three bones. These three bones consist of the hammer, the anvil and the stirrup
which conduct sound from the tympanic membrane to the inner ear. The inner ear
contains the cochlea, the liquid-filled structure containing the hair cells. The hair
cells transform the incoming vibration to electrical signals, which are conducted to
the brain (78). The auditory nerves from the cochlea are interact at the brainstem. In
the brainstem, most fibers of the auditory nerves synapse on cells of the cochlear
nucleus. Once they leave the cochlear nucleus, most axons of the cochlear nucleus
cells cross to the opposite side (contralateral side) of the brain. Both crossed and
uncrossed fibers from the cochlear nuclei synapse in the area of the pons in
brainstem called the superior olivary complex. This is the first place in the ascending
pathway to receive information from both ears. After that, sound information is
projected to inferior colliculus in the midbrain through the medial geniculate nucleus
in the thalamus. Finally, it reaches the primary auditory cortex in the temporal lobe.
This pathway is called “Primary auditory pathway” (Fig. 2.5) (29, 78).
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Figure 2.5 Auditory pathway from ear to primary auditory area (79)
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When the primary auditory cortex received sound information from hearing, it
sends sound information to the Wernicke’s area in the cerebral cortex for translating
information. After that, information is brought via the Broca’s area resulting in
facilitating of language comprehension and in sensorimotor learning and integration.
The last pathway, sound information projection reaches the cortical motor structure
in the brain. Therefore. the brain receives to additional information which influences

quality of movement are increasing is well (Fig. 2.6) (29).

Motor cortex Wernicke's

Figure 2.6 Pathway of auditory cortex link to the motor cortex (80)

Benefits of movement: The auditory cues created by verbal commands
facilitate the recognition and recall of relevant information. The verbal cues of skilled
performance have 3 functions. The first function is a perceptual processing that is

able to facilitate early recognition of the correct stimuli and to guide their response



26

movement. The second one is a decision processing which the ability to select the
best response for each situation. Verbal cues can aid the decision processing by
reducing the number of responses from which a performer has chosen. The last
function is an effector processing which enhances an initiation of movements. Hence,
the highlight of verbal cues has drawn an attention to the necessary information and
it also aids the decision processing as the subjects attempting to perform the task

(26).

A number of research about the effects of the auditory cues show positive
effectiveness on motor performance, learning and functional activities. For example,
such as Lehman et al (2005) found that the verbal instruction was effective in
improving parameters of gait in Parkinson disease. There was a significant increase in
step length and velocity as well as a significant decrease in cadence during the pre-
post training. Additionally, the verbal instruction group has more improvement on
gait performance than the non-verbal instruction group. As a result, it could be
concluded that the verbal instruction or the verbal cues could improve the potential
for motor performance and gait function in patient with Parkinson disease (27).
Furthermore, in children population, the study of Baram et al. (2011) regarding the
effect of gait training with auditory feedback cues on the walking abilities of children
and young adults with cerebral palsy shows that auditory feedback cues (rhythm)
can improve gait parameters in speed and stride length after training. As a
consequence, the sensory feedback is achieved through the enhancement of

neuronal connections by passing the deficient pathways (21).

Thielman (2010) studied the rehabilitation of reaching post-stroke with the
paretic limb by using two different techniques (tactile and auditory) for providing
feedback about trunk position. The auditory feedback was a signal in response to
pressure of trunk during reaching in sitting position and it associates with the greater

improvement in Reaching Performance Scale (RPS). The results demonstrated
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auditory feedback leading to an awareness of trunk control in sitting and an ability of

trunk control has influenced on performance of reaching (71).

2.7.3 Combined sensory cues (visual and auditory cues)

The audiovisual cues are a combination of two types of sensory which are
visual and auditory cues (both rhythmic and verbal auditory stimulation). This
combination is an alternative method which is used for the practices or the training
in order to induce the effect of rehabilitation excellently. Previous studies, a study
about investigated the effect of audiovisual cues which can be enhancement the
performance of sit-to-stand (STS) in Parkinson disease (PD) recorded by kinetic and
kinematic data. The results showed that the addition of audiovisual cues was
increased hip flexion and knee extension torque during movement, as well as
decreased the time taken to complete STS. Therefore the audiovisual cues were
effective in enhancing STS in patient with PD (69). In addition, the training with
addition of audiovisual cues (3 times per week for 4 weeks) on dynamic stability
control during STS task in PD showed the results after training that achieved greater
backward stability through increased forward center of mass velocity at seat off and
reduced the likelihood of forward balance loss at movement termination (70). The
comparison between training with audiovisual cues and conventional exercise (3
times per week for 4 weeks) during STS task training in PD demonstrated that training
with audiovisual cues increased both peaks horizontal and vertical velocities, and
reduced the time taken to complete STS more than conventional (28). According to
mentioned studies, they indicate that the training with the addition of audiovisual
cues could be an effective interventional strategy to improve time and motor
performance during performing STS activity in people with PD. On the other hand,
there have some studies do not provide good results of combine cues effects on gait
parameters in PD. Suteerawattananon (2004) found that visual and auditory cues
improved gait performance in patients with PD, but combine cues did not improve

gait significantly more than each cue alone (30). Moreover, the training effects are
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more pronounced when a task is performed with the external cues than being self-

movement.

From the extensive literature review, it is found that there are a number of
studies about the benefit of the training with the addition of sensory cues.
Nevertheless, most studies emphasize on adult patients with the motor disability
such as patients with stroke or Parkinson disease. There are a few researches which

study in children with the motor disability.

2.8 Assessment of trunk control

Trunk control assessment is an examination in specific of trunk control that
helps to evaluated trunk ability both of static and dynamic movement for
considered the ability to keep the center of body mass over the base of support.
The best position of assessment specific trunk control is a sitting without feet
support because of a sitting is one of the natural actions by trunk control for
maintain this position and a lower limb ability have affected to ability of trunk

control (32, 36).

2.8.1 Assessment tools of trunk control

Assessment tools are important in research and clinical practice as they form
the basis for diagnosis, prognosis, and evaluation of the results of interventions that
to be able to trust the results. The measurement of trunk control ability in
laboratory filed was separated into direct and indirect assessment. The direct
assessment was electromyography (EMG) that was used for measuring muscle activity
during trunk control in both static and dynamic movement (81, 82). For indirect
assessment was commonly used to evaluated limit of stability (LOS) are usually

assessed by center of pressure (CoP) displacement or center of force (CoF) trajectory
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under the buttocks-chair interface during sitting movements or under feet during sit

to stand (33, 34, 83-86).

The limit of stability (LOS) is the assessment that evaluates dynamic balance
which balance represents the ability to coordinate the relationship between the
center of gravity (CoG) and the base of support (BoS) (87). LOS is defined the
maximum excursion of the CoP that individual can lean in various directions of
movement and without changing the base of support (BoS) (33, 87). Base of support
(BoS) is defined as the area of the body that is in contact with the support surface
(46).

Center of pressure (CoP) displacement is defined as an indicator of sway for
the center of the distribution of the total force applied to the supporting surface
with the ground in standing or the seat surface in sitting (46, 84, 85, 88) and center of
force (CoF) trajectory is an indicator in length body sway of force for every plane
during an activity (34). From above, CoP displacement and CoF trajectory have a
meaning similar so we can use the 2 words interchangeably. Fenety et al. found that
the linear relationship between the position of CoP and the angles of trunk
inclination and lateral flexion, and they suggest that the movement of CoP reflexing
trunk movement (83). The ability of trunk movement demonstrated to postural
control ability to performed function activities in daily life. Many studies investigated
about the CoP displacement or CoF trajectory usually used a force plate and seat

pressure mat device to assessment.

2.8.1.1 Force platform

A force plate is an instrument for measuring force. The simplest force plates
measure only the vertical component of the force in the geometric center of the
platform. The most common force acting on the surface is the center of pressure

(CoP) and center of mass (CoM), as well as the vertical moment of force. CoP acts on
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the surface from buttock during sitting or on the foot during standing and walking
acting along the force plate surface. There are several studies to examination of
quantify balance both sitting and standing, cait and other parameters of

biomechanics by using force platform (33, 84, 89, 90).

Kerr et al. (2002) have studies test-retest reliability of CoP displacement and
velocity in healthy older adults during leaning/reaching sitting position with
unsupported foot in four directions (forward, backward, lateral dominant side and
non-dominant side) using by force platform found that good to excellent reliability
all direction in CoP displacement and CoP velocity (ICC=0.74-0.94, ICC=0.86-0.93,
respectively) (32).

In 2015, Gao et al. published a paper in which they reported test-retest
reliability of dynamic sitting balance test in SCI patients on force platform between
supported and unsupported sitting. For assessment about limit of stability in term of
maximum excursion of the CoP during dynamic sitting balance test showed that
excellent reliability both supported and unsupported sitting (ICC=0.990, ICC=0.817,
respectively) (86).

2.8.1.2 Seat pressure mat device

Seat pressure mat device is a seat pressure measurement technologies that
was designed to measure pressure patterns at the wheelchair seat-back interface and
is used by many seating teams (91). Seat pressure mat device can evaluate the
pressure data can be recorded as total contact area (TCA), peak contact pressure (PP)
and average pressure (AP). In addition, center of pressure (CoP) displacement or
center of force (CoF) trajectory for regards the ability of postural control and
individual limit of stability. In 2000, Fenety et al. published a paper in which they
described validity of CoP coordinated between the VERG interface pressure mat

device and force platform in healthy adults during sitting. The VERG mat was placed



31

on the force platform. The result showed that validity was highly correlation (r2

>0.80) and reliability showed good to excellent (ICC=0.71-97) (83).

Lacoste et al. (2006) have studied about comparison of a force platform
versus a of seat pressure mapping system on seated postural control in children.
Both instruments showed generally fair to good reliability (ICC=0.35-0.68) in quiet
sitting and excellent reliability (ICC=0.70-0.88) when reaching or dynamic movement.
In part of validity, the CoP signals were significantly correlated between both
instrument for the root mean square (RMS) and range in both tasks (static & dynamic)
and directions (anteroposterior & mediolateral) (mean r>0.87) and for the time series
while reaching (r>0.99), as well as during quiet sitting (r>0.65) coefficients in static

movement (85).

Recently, a study CoP displacement or CoF trajectory by using seat pressure
mat device has begun to interesting as well for estimated quantify postural control
ability and individual limits of stability (92). Karatas et al. 2008, studied about center
of pressure (CoP) displacement during postural changes ( four directions) in spinal
cord injury by measuring in seat pressure mat device (Pliance seat sensor system),
which was placed between each subject’s buttocks and the chair found that CoP
displacement in all directions in SClI patients were smaller than healthy volunteers
(93). Kim et al. 2014, studied about compared the CoF trajectory during sit-to-stand
(STS) movement between elderly and old-old elderly subjects by using the
COMFORMat system. The results showed total length of the CoF trajectory during the
movement was significantly greater for the old-old elderly group than for the elderly

group (34).

2.9 Conceptual framework

This study emphasizes on the immediate effects of visual, verbal and

combined visual and verbal cues on the ability of dynamic trunk control during
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leaning movement in sitting position in children with and without cerebral palsy.
Children with cerebral palsy have the impairment of trunk control that involves
musculoskeletal component, neuromuscular synergies, individual sensory system,
sensory strategies, internal representation, anticipatory mechanism, and adaptive
mechanism. These were affected functional activity in daily life such as sitting,
reaching and walking. A given external cues such as visual cues, verbal cues and
combined visual cues and verbal cues may help to improve the ability to control
trunk during movement in sitting position in children with cerebral palsy (Fig. 2.7).
This study was investigated the immediate effects of external cues on dynamic trunk
control in 4 conditions as following; no sensory cue, visual cue, verbal cue, and

combine sensory between visual and verbal cues.
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CHAPTER 3
MATERIALS AND METHOD

3.1 Research design

A cross-sectional study was used to investigate the effects of adding different
types of cues consisted of visual, verbal and combine between visual and verbal
cues on ability of dynamic trunk control in sitting position in children with and
without cerebral palsy. The study protocols were approved by Ethic Review
Committee for Research Involving Human Projects, Chulalongkorn University

(Appendix B)

3.2 sample size

The sample size was calculated by G*Power program version 3.1.9.2. The
calculation of sample size was based on the result from the pilot study (power =
95%, alpha = 0.05 and effect size =0.24) (see Appendix C). The total participants for

two groups were thirty-eight. Therefore, 20 participants were recruited for each

group.

3.3 Participants

Twenty children with cerebral palsy (10 males, 10 females) aged between 8-
15 years old and 20-typical children (10 males, 10 females) without a history of
developmental delay and neurologic disorder have age- and gender-match were
enrolled by screening questionnaires (see Appendix D, E). The children with cerebral
palsy include in the study was recruited from the Srisangwan school, Nonthaburi
Province. Typical children were recruited from the Raksa Ratchavit School, Bangkok.
The data collection in the schools and institutes was performed with their
permission. The information of the study was informed to participants and their

parents. Then, the consent form was obtained from all participants and their parents
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or guardians. The inclusion and exclusion criteria for participants’ recruitment were as

follow

Children with cerebral palsy

Inclusion criteria

1.

Children with cerebral palsy who was diagnosed by clinicians

Aged between 8-15 years old

Spastic diplegia subtype within GMFCS level [I-lI

Able to sit independently in high bench without trunk, hand and feet support
Able to upright and keep knee at 90 degrees in sit position

Good visual acuity (participants could be used glasses or lens for correction)

Do not receive tendon transfer in the last 6 months or hip surgery performed

in the last 12 months

Do not receive botulinum toxin injections at trunk and lower limb area

performed in the last 6 months

Do not receive a drug that induces drowsiness within 24 hours such as

conventional antihistamines

10. No history of epilepsy in the last a year

11. Able to understand in Thai language and understand test instructions

Exclusion criteria

1.

2.

Unable to followed the command or instructions

Unable to participate until the end of the process
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Typical children

Inclusion criteria

1. Children participants aged between 8 and 15 years old

2. Aced appropriate standard weight and height, based on the growth chart from
Thailand Ministry of Republic Health Department of Health (see Appendix F)
(94)

3. Good visual acuity (participants could be used glasses or lens for correction)

4. No history of musculoskeletal problems that affect the ability to sit such as

scoliosis or arthritis of spine and pelvic
5. No history of delay development
6. No history of obvious neurological disorders such as seizure

7. Do not receive a drug that induces drowsiness within 24 hours such as

conventional antihistamines
8. Able to understand in Thai language and understand test instructions

Exclusion criteria

1. Unable to followed the command or instructions

2. Unable to participate until the end of process

3.4 Instruments
3.4.1 Seat pressure measurement

A seat pressure mat device (Tekscan CONFORMat, Model#5330, Boston, MA,
USA) with a specific-designed program (Tekscan CONFORMat research 7.20) was used
to measure the CoF trajectory while performing a leaning movement in sitting
position. The sampling rate was used at 15 Hz (85). The CONFORMat sensor is a
47x47 cm’. This mat thickness is 0.35 mm and it is made from flexible polyester

substrates in grid of rows and columns. This mat composes of 1,024 (32x32) square



37

sensing elements. Each square sensing element is 15x15 mm’ (Fig. 3.1). The system

and sensor specification of seat pressure mat was presented in Appendix G.

I.—Matrix Width (MW) ————————

Matrix Height (MH)

Overall Length (L)
Tab Length (A)
CONFORMat, VAT PROST A
Overall Width (W)
General Dimensions Sensing Region Dimensions Summary
Overall  Overall Tab Matrix Matrix Columns Rows Total Sensel
Length Width Length Width Height Pitch Pitch No. of Spatial
L W A Mw MH CwW (o] QJ! RW RS QJ Sensels Resolution
(mm) (mm) (mm) (mem) (mm) {mm) {mm) (mm) (mm) (sensel per sg-cm)
530.2 8184 400.3 4714 4714 0.0 14.7 32 00 14.7 32 1.024 05
) ) my on) on) n) m) m) m) (sensel per 5q4n)
21.23 24.35 15.70 18.58 18.56 0.000 0.580 32 0.000 0.580 32 1.024 3.0

Figure 3.1 Sensor specification of Tekscan CONFORMat system

To set the sensor mat, a 0.5 mm-thickness yoga mat was placed on the

bench that has a hard surface. Then, the sensor mat was placed on top of the yoga

mat. The yoga mat was provided friction to prevent the slip of the sensor mat during

performing a leaning movement (Fig. 3.2). The data was collected at the frequency of

15 Hz (85) Filtering of noise threshold at low-cut filter (<3 Hz). Calibration system

performed with S-23 sensitivity (range 1-40) (92). Each recording set to 4,500 frames in

a 300 s (5 min) recording.
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Figure 3.2 Seat pressure mat position

3.4.2 High bench with hard surface

The high bench with hard surface (76x183x73 cm) was used to under seat

pressure mat device. The high bench did not have backrest and arm rest (Fig 3.3).

Figure 3.3 High bench
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3.4.3 Adjustable PVC pipe

The Adjustable PVC pipe was used in target of participant’s leaning
movement. The height of adjustable PVC pipe depended on level of each
participant’s shoulder and distance between adjustable PVC pipe and participant

depended on one arm’s range of each person (Fig. 3.4).

Figure 3.4 Adjustable PVC pipe

3.5 The study outcome

The outcomes of this study had 2 parts consisted of center of force (CoF)
trajectory and limit of stability (LOS). The center of force (CoF) trajectory was
measured by seat pressure mat device (Tekscan CONFORMat, Boston, USA) in 4
directions of 4 conditions (no sensory cue, visual cue, verbal cue and combined

visual and verbal cues) during trunk leaning movement in sitting position. The CoF
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trajectory in the four directions consisted of forward, backward, left and right
directions indicated the maximum anterior/posterior and left/right leaning movement
away from the subject’s center of balance that represented the distance in
centimeters (3). Long distance of CoF trajectory represented the positive effect and

short distance of CoF trajectory represented the negative effect.

From the pilot study that evaluated about reliability of inter-intra reliability of
the CoF trajectory measurement showed excellence both of intra-rater reliability and

inter-rater reliability (ICC 5 = 0.99, 0.99, respectively) (see Appendix H).

The limit of stability (LOS) was measured by seat pressure mat device
(Tekscan CONFORMat, Boston, USA) in 4 directions of 4 conditions (no sensory cue,
visual cue, verbal cue and combined visual and verbal cues) during trunk leaning
movement in sitting position. The total areas during maximum trunk leaning
movement in 4 directions were represented in square centimeters (cm’). The
measurement of LOS from seat pressure mat device was calculated by area of
trapezium calculator. These formula of trapezium is 1/2 x the length of the diagonal

x the sum of the branch line.

From the pilot study that evaluated about reliability of inter-intra reliability of
LOS showed excellence both of intra-rater reliability and inter-rater reliability (ICC 31

= 1.00, 0.99, respectively) (see Appendix H).

3.6 Procedure testing

Participants who meet the inclusion criteria and their parents were received
the information about the process of the study. They signed consent forms of this
study. The participants were assessed for the demographic data such as age, gender,

weight, height, type of spastic cerebral palsy, the ability of Gross Motor Classification
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System (GMFCS), area base of support (width and length) and the trunk height by a
pediatric physiotherapist who had working experience for at least five years. The
width of the base of support is defined as the distance between the left and right
greater trochanter, in the frontal plane and the length of the base of support is
defined as the distance from the PSIS to the lateral thigh, in the sagittal plane (33).
The trunk height is defined the distance between support surfaces to base of occiput

(95).

Then, this equipment can calibrate with the raw legend with it’s the
maximum default range 0-255 mmHg (0-0.35 keg/cm2). The calibration was performed
by using a Linear Calibration method as following to the manufacturer’s instruction.
First, participants were asked to sit in its most upright position with their arms cross
over chest on COMFORMat sensors and look straight forward. Participant’s legs, back
and feet were not supported. The thighs were fully supported (All parts of the thighs
resting on the high bench) in order to keep the participant’s knee at 90 degrees.
Wearing orthoses or shoes were not allowed during testing (Fig. 3.5). Participants were
requested to sit still without any movement for 90 seconds during the program
calibrating. The monitor was display the real-time status of the force, while the
participant was sitting on the sensors. This force value was correlated to the
participant’s weight. Once the calibration had been completed the results were

verified by observing.

All participants were randomly performed dynamic trunk control in 4
conditions such as no sensory cues, visual cues, and verbal cues and combined cues.
In each condition, they were randomly measured the ability to control their trunk in
4 directions including forward (F), backward (B), left (L) and right (R) directions by
using research randomizer to generate random number (Fig. 3.6) (96). Safety guard to
prevent participants from falling was done by a research assistant who is a physical

therapist.



Figure 3.5 Starting Position

Figure 3.6 Diagram of 4 directions of trunk leaning movement
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Condition 1: The participants did not receive any augmented sensory cues,
“No sensory cue”. The instruction was to “lean as far as possible without falling and
no use lower limbs to help with movements”. During leaning, participants were

asked to look straight forward in all directions (Fig. 3.7).

B: Backward direction

C: Left direction D: Right direction

Figure 3.7 Procedure of condition 1
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Condition 2: The participants were received augmented sensory cues, “visual
cue”, during leaning movement in all directions. In each direction, all participants
were asked to look at the target during leaning. The target was an adjustable PVC
pipe. The height of PVC pipe was set at the shoulder level of each participant. The
distance between adjustable PVC pipe and participant in each direction was equal to
a participant’s arm range (Fig. 3.8). The instruction, “Look at the target and try to
approach the target by leaning the trunk as far as possible without falling and no use

lower limbs”, was given to the participants (Fig. 3.9).

Figure 3.8 The measurement of target distance
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C: Left direction D: Right direction

Figure 3.9 Procedure of condition 2

Condition 3: The participants were received augmented sensory cues, “verbal
cue”, which was verbal commands during leaning in all directions. Participants were
asked to look straight forward while leaning toward desired direction. The verbal
command, “further, further, further”, was given to the participants at the end range
of the movement. The instructions were delivered in the same tone of voice by the

Same person.
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Condition 4: In this condition, the participants were received combined
sensory cue which was visual and verbal cues. During movement, the participants
were asked to look at the target which was described in condition 2 and try to
approach the target as much as possible. They were also received the verbal

command (further, further, further) at the end range of the leaning movement.

Before testing, all participants were received the information of the testing
procedure. A researcher firstly demonstrated all of the processes in each condition.
Then, the participants were asked to practice leaning movement in sitting position for
two times per condition before the data collection to make sure that participant
understood the test procedure. Three completed trials of trunk leaning movements
for each condition was corrected and used for further analysis. A completed trial is
defined as moving trunk toward a desired direction and back to the starting position.
Participants were allowed to perform a task until three complete trials are done. The
mean of these three trials were calculated and used for further analysis. In each
condition, one-minute break was allowed between directions. In addition, each
subject was asked to take a rest for 20 minutes and then they returned to have a
test in the next condition until 4 conditions completed. During the rest period,
participants were had a snack and drink and enjoy themselves with playing games
and drawing a pictures. During procedure testing, the researcher recorded movies
(VDO) in each participant. When research was completed, the information relating to

the participants were destroyed by the erasing immediately.
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3.7 Statistical Analysis

The statistical analysis was performed with SPSS version 17.0 for window. The
descriptive statistic was used to describe the demographic and clinical characteristic
data. The independent t-test was used to determine the significant different of
baseline characteristics between groups. The Shapiro-Wilk test was used to test
normality of data for all variables. All data were normally distributed and therefore
this study used parametric statistics for analysis. The data was presented as mean +

SD.

For investigation of change over distance in center of force (CoF) trajectory in
4 directions of four differences conditions between 2 groups both typical children
and children with CP, 2 (groups) x 4 (conditions) x 4 (directions). A 3-way mixed
design, repeated measurement analysis of variance (ANOVA) was used to examine
main effects and interaction effects among groups, condition, and direction. The
Mauchly’s test was performed to test the assumption of sphericity in within-subject.
For investigation on total area of limit of stability (LOS) in 4 differences conditions
between 2 groups both typical children and children with CP, 2 (groups) x 4
(conditions). A 2-way mixed design, repeated measurement analysis of variance
(ANOVA) was used to examine main effects and interaction effects between groups
and condition. The Mauchly’s test was performed to test the assumption of

sphericity in within-subject.

A Bonferroni post-hoc test was used to compare the differences between
each condition and direction in TD and CP group. The analyses of interest were the
effect of each condition for lean trunk in each direction. The level of statistically

significant difference was set at p-value = 0.05.



CHAPTER 4
RESULTS

This study investigated the immediate effects of the different sensory cues on
the ability of dynamic trunk control in sitting position in children with and without
cerebral palsy (CP) aged between 8-15 years. Children with CP were recruited from
the Srisangwan School. In addition, children without CP, typical children, were
recruited from the Raksa Ratchavit School. Both children with and without CP were
asked to lean trunk forward, backward, and to the left and the right directions as far
as possible under four sensory cue conditions; no sensory cue, visual cue, verbal
cue, and combined visual and verbal cue conditions during sitting. The results of this
study were showed in this chapter. The demographics data of participants and the

data of all outcome measures were presented as follow.

4.1 Demographics and clinical characteristics of participants

Twenty children with CP (10 males, 10 females) old and 20 children without
CP or typical development children (TD) (10 males, 10 females) aged between 8-15
years were enrolled in this study. The demographics and clinical characteristic data
were compared between groups by using the independent t-test. The demographics
of children with CP which consisted of age, gender, weight, height, sitting height, the
base of support in sitting, the dominant of spastic side, and GMFCS were presented
in table 4.1. Age, gender, weight, height, sitting height, and the base of support in
sitting of typical children were presented in table 4.1 as well. In this study,
participants performed 3-5 trials of leaning trunk movement in each direction in

order to get 3 completed trials for data analysis.
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Table 4.1 Baseline demographic data of children with CP and Typical children

Variables CP (n = 20) TD (n = 20) p-value

Age (yrs : Mean = SD) 11.55 +0.43 11.55 + 0.45 -
Gender (Male : Female) 10: 10 10: 10 -
Weight (kg : Mean + SD) 34.16 + 1.92 36.93 + 1.67 0.25
Height (cm : Mean + SD) 135.70 + 2.41 144.65 + 2.11 0.54
Sitting height (cm : Mean + SD) 71+ 1.20 7395+ 1.01 0.19
The base of support in sitting (cm2 : Mean + 1,028.13 + 1,091 + 34.61 0.18
SD) 47.25

The dominant of spastic side (n ; Right : Left) 15:5 - -
GMFCS (n ; Grade Il : Grade lI) 5:15 - -

CP: Cerebral palsy children, TD: Typical children

4.2 Effects of the sensory cue condition on the center of force (CoF) trajectory

in children with and without CP

The three-way mixed design, repeated measurement analysis of variance
(ANOVA) showed that there was significant interaction effect of group x condition x
direction (F, 349= 2.27, p < 0.05) on dynamic trunk control in term of CoF trajectory.
In addition, there was a significant interaction effect of group x direction (F3 114=
12.26, p < 0.05) and condition x direction (Fy, s4= 2.74, p < 0.05). However, there
was no a significant interaction effect of group x condition (Fg, 119= 2.28, p > 0.05).
Furthermore, in term main effect, the results showed that there were significant main
effects of group (F(;, 35= 88.63, p < 0.05), condition (F76. 100.75= 31.21, p < 0.05) and
direction (Fs, 119= 25.48, p < 0.05). For a group main effect, post-hoc analysis
demonstrated that CoF trajectory was significantly greater in typical children group
than in children with CP group. For a condition main effect, visual, verbal, and
combined visual and verbal cue conditions were significantly greater than no sensory
cue condition (p < 0.05). However, there was no significant different in CoF trajectory

between visual and verbal cue conditions. Therefore, the combined cue condition
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was the best cue to enhance leaning ability. For the main effect of direction, CoF
trajectory was significantly shorter in backward direction than in other directions (p <
0.05). In addition, CoF trajectory in the right side direction was significantly shorter

than in the forward direction (p < 0.05). CoF trajectory data are showed in mean+SD

for both groups in table 4.2

Table 4.2 mean+SD of CoF trajectory for children with CP and Typical children

Groups (MeanxSD) Mean
Variable Condition Direction
TD CP difference
No cue Forward 11.28+0.40 5.44+0.40 5.84
Backward  8.07+0.43  4.84+0.43 3.22
Left 8.83+0.40  6.03+0.40 2.53
Right 8.93+0.37  6.17+0.37 2.76
Visual cue Forward 11.14+0.43 6.21+£0.43 4.94
Backward  8.36+0.43  5.26+0.43 3.10
Left 10.28+0.44  7.24+0.44 3.04
CoF Right 10.06+0.36  6.63+0.36 3.43
trajectory Verbal cue Forward 11.58+0.35 6.31+0.35 5.28
Backward ~ 9.01+0.33  5.34+0.33 3.67
Left 9.87+0.39  7.04+0.39 2.83
Right 9.75+0.30  6.40+0.30 3.34
Combined cues Forward ~ 12.32+0.41 6.59+0.41 573
Backward  9.46+0.37  5.88+0.37 3.58
Left 11.09+0.46  7.56+0.46 3.53
Right 11.06+0.31  6.90+0.31 4.16

CP: Cerebral palsy children, TD: Typical children
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When considering interaction effects among 3 factors, in each direction of
each condition between children with and without cerebral palsy, the results of
post-hoc analysis were showed as follow. For typical children, the combined cues
condition showed the significant longest CoF trajectory in forward, the left, and the
right directions (p < 0.05). Within backward direction, the CoF trajectory was
significantly longer in combined cue condition than in no sensory, and visual cue
conditions, (p < 0.05). Additionally, the CoF trajectory in verbal cue condition was
significantly longer than in no sensory cue condition (p < 0.05). Moreover, the CoF
trajectory in the left and the right directions were significantly longer in visual, and

verbal cue conditions than in no sensory cue condition (p < 0.05).

For children with CP, the CoF trajectory both in backward and in the left
direction was significantly longer in combined cue condition than in no sensory cue
condition (p < 0.05). Additionally, the CoF trajectories in forward direction were
significantly longer in visual, verbal, and combined cue conditions than in no sensory
cue condition (p < 0.05). However, there was no significant difference in CoF

trajectory among cue conditions in the right direction (p > 0.05) (Fig. 4.1).
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Figure 4.1 Comparison of the center of force (CoF) trajectory in each direction among

4 cue conditions in typical children (TD) and children with cerebral palsy (CP)

Data are represented as the mean + SD (3) with Bonferrini adjustment; * significant
difference from no cue condition, p-value < 0.05; ** significant difference from visual
cue condition, p-value < 0.05; *** significant difference from verbal cue condition, p-

value < 0.05.

When considering in each condition of each direction between children with
and without cerebral palsy, the results of post-hoc analysis were showed as follow.
For typical children, forward direction showed the significant longest CoF trajectory in
all four directions (p < 0.05). In other hand, backward direction showed the significant

shortest CoF trajectory in all conditions. All four conditions, there were no significant
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difference of CoF trajectory between the left and the right directions. The CoF
trajectory was significantly longer in the left and the right directions than backward

direction in visual and combined sensory cue conditions (p < 0.05).

For children with CP, CoF trajectory in the left and the right directions showed
significantly longer than in backward direction in no cue, visual and verbal cue
conditions (p < 0.05). In combined visual and verbal cues condition, the CoF
trajectory only showed significantly longer in the left direction than in backward
direction (p < 0.05). Additionally, only verbal cue condition, the CoF trajectory was
significantly longer in forward direction than in backward direction (p < 0.05) (Fig. 4.2).

14 -
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No cue Visual verbal combined
Conditions
[l @ Forward [-1[ Backward O[O Ltside [ ] Rt.side

Figure 4.2 Comparison of the center of force (CoF) trajectory in each condition among

4 directions in typical children (TD) and children with cerebral palsy (CP)
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Data are represented as the mean + SD (3) with Bonferrini adjustment; * significant
difference from backward direction, p-value < 0.05; ** significant difference from left

direction, p-value < 0.05; *** significant difference from right direction, p-value < 0.05.

When considering in the different between groups of each condition and each
direction, the results of post-hoc analysis were showed as follow. The CoF trajectory
of all conditions and all directions were significantly longer in typical children (TD)

than in children with cerebral palsy (CP) (p < 0.05) (Fig. 4.3).
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Figure 4.3 Comparison between typical children (TD) and children with cerebral palsy

(CP) of each condition and each direction

Data are represented as the mean + SD (3) with Bonferrini adjustment; * significant
difference from children with CP, p-value < 0.05. Abbreviations: No-F = no cue
condition-forward direction; No-B = no cue condition-backward direction; No-Lt. = no

cue condition-left direction; No-Rt. = no cue condition-right direction; Vis-F = visual
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cue condition-forward direction; Vis-B = visual cue condition-backward direction; Vis-
Lt. = visual cue condition-left direction; Vis-Rt. = visual cue condition-right direction;
Ver-F = verbal cue condition-forward direction; Ver-B = verbal cue condition-
backward direction; Ver-Lt. = verbal cue condition-left direction; Ver-Rt. = verbal cue
condition-right direction; Com-F = combined cue condition-forward direction; Com-B
= combined cue condition-backward direction; Com-Lt. = combined cue condition-

left direction; Com-Rt. = combined cue condition-right direction.

4.3 Effects of the sensory cue conditions on the limit of stability (LOS) in
children with and without CP

The meantSD of the LOS in each condition between children with and
without CP were presented in table 4.3. The two-way mixed design, repeated
measurement analysis of variance (ANOVA) showed that there was significant
interaction effect of condition x group in LOS (Fi.4s, 9301= 5.48, p < 0.05). The results
of post-hoc analysis were showed as follow. Within typical children group, LOS in
combined cue condition was significantly greater than in no sensory cue, visual cue,
and verbal cue conditions (p < 0.05). Additional, the LOS in verbal cue condition was
significantly greater than in no sensory cue condition (p < 0.05). For children with CP,
the LOS in only combined visual and verbal cue condition was greater than no

sensory cue condition (p < 0.05) (Fig. 4.4).

Moreover, there was significant main effect of condition for the LOS (F(y4s,
930n= 26.51, p < 0.05). The visual, verbal, and combined visual and verbal cue
conditions were significantly greater LOS than no sensory cue condition (p < 0.05). In
this study, the combined cue condition was the best cue to improve LOS (p < 0.05).
However, there was no significant difference in LOS between visual, and verbal cue
conditions. In addition, there was a significant main effect of group for LOS (F(, 3=
86.26, p < 0.05). Typical children group was significantly greater LOS than children
with CP group (p > 0.05).
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Table 4.3 mean+SD of LOS for children with CP and Typical children

Groups (Mean+SD) Mean
Variable condition

D CP difference

No cue 174.60+10.12 63.90+10.12 110.70

Visual cue 196.16+11.29 80.31+11.29 115.85

LOS
Verbal cue 202.85+8.63 77.01+8.63 125.84
Combined cues 236.42+11.37 89.09+11.37 147.33

CP: Cerebral palsy children, TD: Typical children.
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Figure 4.4 The limit of stability (LOS) in each cue condition between typical children
(TD) and children with cerebral palsy (CP)

Data are represented as the mean + SD (sz) with Bonferrini adjustment; * significant
difference from no cue condition, p-value < 0.05; ** significant difference from visual
cue condition, p-value < 0.05; *** significant difference from verbal cue condition, p-

value < 0.05.



CHAPTER 5
DISCUSSION

This chapter presented a discussion of the study of the immediate effects of
visual, verbal and combined visual and verbal cues on the ability of dynamic trunk
control in sitting position in children with and without CP age between 8-15 years.
These Included demographics and clinical characteristic data of participants, effect of
different cue condition on the limit of stability (LOS) and the center of force (CoF)
trajectory in children with and without CP. In addition, this chapter was presented
the implications of study for clinical practice, the limitations of this study, and the

suggestions for the further study, respectively.

5.1 Demographics and clinical characteristic data of participants

Participants in this study were separated into two groups consisted of children
with and without CP. There was clear distribution in age and gender equality due to
matching age and gender between both groups. Additionally, they had similar
characteristics because there was no statistically significant differences in
demographic data, which included of weight, height, sitting height and base of
support. Hence, these demographic data did not affect the results of this study.

5.2 Effects of different sensory cue condition on the limit of stability (LOS) and

the center of force (CoF) trajectory in children with and without CP

In the results of present study found that the using difference cue was
affected on dynamic trunk control in both groups were difference. In typical children,
the LOS was the greatest in combined cue conditions when compared with other
cue conditions. Additionally, LOS in verbal cue condition was greater than in no
sensory cue condition in typical children. On other hand, only combined cue
conditions showed greater LOS as compared to no sensory cue condition in children

with CP. Hence, both groups could use the combination of visual and verbal sensory



59

cues to improve their ability of dynamic trunk control in term LOS in sitting position.
Although, the results showed that verbal cue could improve LOS in typical children
but not in the children with CP. It may be possible that children with CP need
external sensory cues more than one cue to improve the LOS performance. This
finding was consistency with the previous study that used combined cue to improve
motor function and performance. The previous study reported that the visual
feedback and verbal encouragement could increase concentric peak torque of the

quadriceps and hamstrings muscles in healthy subject (97).

For typical children, the verbal cue alone could improve ability dynamic
trunk control in term of LOS as compared with no sensory cue. The previous study
reported that verbal cue has been used to help typical children in focusing on
attention on the motor skills and stimulated perception, decision, and effector
processing of the brain (26). These augmented verbal sensory cue highlighted the
attentional and informational processes that influence leaning and performance (26).
Additionally, the verbal cue was a positives reinforcement that could made an
extrinsic motivation and elaborate coding inducing the improvement of the motor
skills (98). Moreover, the verbal cueing was facilitated skill acquisition beyond that
permitted by visual cue alone (98). Furthermore, Chin et al., 2006 demonstrated that
the rhythm auditory cue could stimulate motor actions in the brain of healthy
subjects. When the auditory information was got into the brain, they showed a
signals connection between the bilateral posterior superior temporal gyrus and the
bilateral dorsal premotor cortex. Then, the rhythm auditory cue would be an

effective cue in driving motor activities (99).

For children with CP, the individual visual and verbal cues could not increase
LOS and CoF trajectory in backward, left and right directions as compared with no
sensory cue. It may be due to either visual or verbal cue alone may not sufficiently

drew attentional to focus on the task in children with CP as it was in typical children.
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Additional, the combined cue was not significantly greater LOS and CoF trajectory
than cue alone. From the review literature, children with CP have a motor disorders
caused by lesion in the sensorimotor cortex area that caused abnormal neurons
projecting to the spinal cord via corticospinal pathways (1). These contributed to the
impairment of voluntary movements that affected the functional activities in daily
life (1, 35). Motor disorders in children with CP are often accompanied by
disturbances of sensation and perception, because precise motor ability is depend
on sensory input (35). The children with CP often have sensory integration
impairments leading to the difficulty and abnormality of functional activities (2).
Therefore, a single augmented sensory cue or one external sensory information
could not enough stimulated the body to improve dynamic sitting performance. The
combined visual and verbal cues that were two augments of sensory information
which input go through the body by visual and auditory pathway. There were
additional information between spatial information and detail of movement
information together during movement (26, 72). These strategy could made a
knowledge of performance (KP) that were feedback about the movement patterns
used to achieve the outcome of the movement (46). For this reason, the results of
this study suggested that combined visual and verbal cue was an efficient cue to

improve ability of trunk control during sitting position in children with CP.

When considering the results of CoF trajectory, in typical children, the
combined cue could improve CoF trajectory all of four directions. Additionally, in
backward direction, the CoF trajectory in verbal cue condition was significantly longer
than in no sensory cue condition but it was not in visual cue condition. It may be
possible that using visual cue in backward direction was not effective to encourage
backward motion. When the participants were trying to move far away from the
target, it made a size perception of the target in the retinal image decreased and the
depth of view perception increased. Therefore, it would be difficult to judge an
accurate distance resulted in the movement constraints (100). In addition, it may be

their optimum range, hence, it was not significantly increased in range. Furthermore,
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in left and right directions, both visual and verbal cue alone were significantly longer
CoF trajectory than no sensory cue. Therefore, the CoF trajectory in left and right
directions significantly improved when cues were used. In contrast, in children with
CP, the combined visual and verbal cue was significantly longer CoF trajectory than
no sensory cue in forward, backward, and left direction. Whereas, the significant
difference in the CoF trajectory among cue conditions was not found in the right
direction because the participants may have a severity of spasticity on the right side
more than on the left side of the body. For the reason, children with CP was
interfered with the ability of leaning trunk movement on the right side and showed a

better performance on the left side.

From the results of the study, children with CP had shorter CoF trajectory in
all directions as compared with TD. The previous studies reported that children with
CP was the impairment of muscle properties including low force production,
incomplete recruitment during maximum voluntary contractions and produced a
lower force reserve to sustain activity (63, 64). In addition, children with CP showed
insufficient weight shifting during reaching in anterior and lateral side (9). Moreover,
children with CP had more difficultly in anticipating control than TD (101). Hence,
children with CP had the ability of motor performance and functional activity lower

than TD.

Children with CP showed longer CoF trajectory in the left and the right
directions than forward and backward directions. According to the developmental
process, the TD children have learnt to shift their weight firstly in mediolateral
direction and then, anteroposterior direction (102). For children with CP, they have
also developed weight shifting in mediolateral direction first. However, their
development process was constraint by the pathology (103, 104). Consequently, It
might assumed that the development of weight shifting in anteroposterior direction

was not well emerged. Additionally, it was consistency with the pattern other



62

dynamic movement of children with CP such as gait pattern (105, 106). The previous
studies reported that significantly greater peak-to-peak COM and COP displacement
in medio-lateral (ML) and lower peak-to-peak COM and COP displacement in anterio-
posterior (AP) direction than TD group (105). In addition, the COM-COP inclination
angles and angular velocities were reduced in AP direction, but increased
mediolateral COM-COP inclination angles and angular velocities when compared to
the normal controls (106). Thus, these results demonstrated children with CP could
shifting weight in ML direction more than in AP direction. These decreases in the
COM and COP displacement of AP direction in children with CP due to poor control
at the hip extension (105). For this reason, it could be the same effect on sitting

position in present study.

When considering in term of body alignment and posture of children with CP,
there was relative stiffness and malalignment of boy posture (63). In the present
study, children with CP showed round shoulder and/or kyphosis of lower trunk in
sitting position. It could limit trunk movement during leaning in all directions. Another
possible reason of why children with CP perform the longer CoF trajectory in the left
and the right direction would be the wider area of the lateral surface of the high
bench. This supporting area might make children with CP confident to lean trunk in
the left and the right directions. In contrast, leaning forward in sitting without feet
support and leaning backward without seeing behind might make children with CP

less confidence to lean according to unsecure situation.

5.3 The implications of the study for clinical practice

From the results of this study, the using of sensory cues could improve ability
of dynamic trunk control in term of LOS and CoF trajectory during sitting position in
children with and without CP, especially combined visual and verbal cues. Therefore,

the researcher recommended that the combined visual and verbal cues could be an
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optional method for the clinical training to improve dynamic trunk control in sitting

position in children with CP.

5.4 The limitation of the study and the suggestions for further study

A limitation of this study is the number of direction to set in this
methodology due to there was just only four direction; forward, backward, left and
right side direction. In fact, the leaning trunk movement during sitting position was
included diagonal direction. Therefore, the using of training in clinic should be

careful.

The further studies are needed to investigate the effects of applying sensory
cues in a training program whether these cues could clinically improve dynamic trunk
control in children with CP. Additional, the methodology of this study were
investigated just only four directions for leaning trunk movement. However, there
was not studied trunk leaning movement in diagonal direction. Thus, the further
study should investigate the ability of dynamic trunk leaning movement in diagonal

direction in children with CP.



CHAPTER 6
CONCLUSION

The presented study determined to compare of the immediate effects of
adding different types of cues including visual, verbal and combined visual and
verbal cues in each direction on the ability of dynamic trunk control in sitting
position between children with and without CP. Twenty children with CP (10 males,
10 females) aged between 8-15 years old and 20-typical children (10 males, 10
females) without CP have age and gender match were enrolled in this study. All
participants were asked to lean trunk forward, backward, and to the left and the right
directions as far as possible in each cue conditions during sitting position. The
outcomes were center of force (CoF) trajectory and limit of stability (LOS) during
dynamic sitting performance that were represented the ability of trunk control in
sitting position.

The results of this study demonstrated that a combined visual and verbal
cues could improve CoF trajectory in both children with and without cerebral palsy.
Whereas, the only right direction could not improve CoF trajectory in children with
CP when used combined visual and verbal cues. In addition, combined visual and
verbal cues could improve the LOS during leaning movement in sitting position in
children with and without CP. Additionally, verbal cue could improve LOS in typical
children when compared with no cue. Hence, the combined visual and verbal cues
was more effectively to improve ability of dynamic trunk control in term CoF

trajectory and LOS in both groups.
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APPENDIX A
GROSS MOTOR FUNCTION CLASSIFICATION SYSTEM-EXPANDED AND REVISED
(GMFCS-E&R)

Between 6-12 years old

Level I: Children walk at home, school, outdoors, and in the community.
Children are able to walk up and down curbs without physical assistance and stairs
without the use of a railing. Children perform gross motor skills such as running and
jumping but speed, balance, and coordination are limited. Children may participate
in physical activities and sports depending on personal choices and environmental

factors.

Level II: Children walk in most settings. Children may experience difficulty
walking long distances and balancing on uneven terrain, inclines, in crowded areas,
confined spaces or when carrying objects. Children walk up and down stairs holding
onto a railing or with physical assistance if there is no railing. Outdoors and in the
community, children may walk with physical assistance, a hand-held mobility device,
or use wheeled mobility when traveling long distances. Children have at best only
minimal ability to perform gross motor skills such as running and jumping. Limitations
in performance of gross motor skills may necessitate adaptations to enable

participation in physical activities and sports.

Level IlI: Children walk using a hand-held mobility device in most indoor
settings. When seated, children may require a seat belt for pelvic alignment and
balance. Sit-to-stand and floor-to-stand transfers require physical assistance of a
person or support surface. When traveling long distances, children use some form of
wheeled mobility. Children may walk up and down stairs holding onto a railing with

supervision or physical assistance. Limitations in walking may necessitate adaptations
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to enable participation in physical activities and sports including self-propelling a

manual wheelchair or powered mobility.

Level IV: Children use methods of mobility that require physical assistance or
powered mobility in most settings. Children require adaptive seating for trunk and
pelvic control and physical assistance for most transfers. At home, children use floor
mobility (roll, creep, or crawl), walk short distances with physical assistance, or use
powered mobility. When positioned, children may use a body support walker at
home or school. At school, outdoors, and in the community, children are transported
in @ manual wheelchair or use powered mobility. Limitations in mobility necessitate
adaptations to enable participation in physical activities and sports, including physical

assistance and/or powered mobility.

Level V: Children are transported in a manual wheelchair in all settings.
Children are limited in their ability to maintain antigravity head and trunk postures
and control arm and leg movements. Assistive technology is used to improve head
alignment, seating, standing, and and/or mobility but limitations are not fully
compensated by equipment. Transfers require complete physical assistance of an
adult. At home, children may move short distances on the floor or may be carried by
an adult. Children may achieve self-mobility using powered mobility with extensive
adaptations for seating and control access. Limitations in mobility necessitate
adaptations to enable participation in physical activities and sports including physical

assistance and using powered mobility.

Between 12-18 years old

Level I: Youth walk at home, school, outdoors, and in the community. Youth
are able to walk up and down curbs without physical assistance and stairs without

the use of a railing. Youth perform gross motor skills such as running and jumping but
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speed, balance, and coordination are limited. Youth may participate in physical

activities and sports depending on personal choices and environmental factors.

Level II: Youth walk in most settings. Environmental factors (such as uneven
terrain, inclines, long distances, time demands, weather, and peer acceptability) and
personal preference influence mobility choices. At school or work, youth may walk
using a handheld mobility device for safety. Outdoors and in the community, youth
may use wheeled mobility when traveling long distances. Youth walk up and down
stairs holding a railing or with physical assistance if there is no railing. Limitations in
performance of gross motor skills may necessitate adaptations to enable

participation in physical activities and sports.

Level lll: Youth are capable of walking using a hand-held mobility device.
Compared to individuals in other levels, youth in Level Il demonstrate more
variability in methods of mobility depending on physical ability and environmental
and personal factors. When seated, youth may require a seat belt for pelvic
alignment and balance. Sit-to-stand and floor-to-stand transfers require physical
assistance from a person or support surface. At school, youth may self-propel a
manual wheelchair or use powered mobility. Outdoors and in the community, youth
are transported in a wheelchair or use powered mobility. Youth may walk up and
down stairs holding onto a railing with supervision or physical assistance. Limitations
in walking may necessitate adaptations to enable participation in physical activities

and sports including self-propelling a manual wheelchair or powered mobility.

Level IV: Youth use wheeled mobility in most settings. Youth require adaptive
seating for pelvic and trunk control. Physical assistance from 1 or 2 persons is
required for transfers. Youth may support weight with their legs to assist with standing
transfers. Indoors, youth may walk short distances with physical assistance, use

wheeled mobility, or, when positioned, use a body support walker. Youth are
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physically capable of operating a powered wheelchair. When a powered wheelchair
is not feasible or available, youth are transported in a manual wheelchair. Limitations
in mobility necessitate adaptations to enable participation in physical activities and

sports, including physical assistance and/or powered mobility.

Level V: Youth are transported in a manual wheelchair in all settings. Youth
are limited in their ability to maintain antigravity head and trunk postures and control
arm and leg movements. Assistive technology is used to improve head alignment,
seating, standing, and mobility but limitations are not fully compensated by
equipment. Youth may achieve self-mobility using powered mobility with extensive
adaptations for seating and control access. Limitations in mobility necessitate
adaptations to enable participation in physical activities and sports including physical

assistance and using powered mobility.
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APPENDIX C
SAMPLE SIZE CALCULATION

The sample size was calculated by G*Power program version 3.1.9.2. The
calculation of sample size was based on the result from the pilot study. The power
(1-B err prob) was set at 95%. The alpha (err prob) was set at 0.05. The effect size

was calculated from Partial Eta squared.

The outcomes of this study were CoF trajectory and LOS area. However, the
populations were calculated based on the value of CoF trajectory because of the
numbers of sample size more than the numbers of LOS area. For CoF trajectory
calculation, the total participants for two groups were thirty-eight. Therefore, 20

participants were recruited for each group.

Table C. 1 Sample size of the study in each parameter

Independent Total Sample size
Effect size
variable sample size for each group
CoF trajectory 0.24 38 20

LOS area 0.38 16 10
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APPENDIX D
SCREENING QUESTIONAIRE FOR CHILDREN WITH CP
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APPENDIX E
SCREENING QUESTIONAIRE FOR CHILDREN WITH CP
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APPENDIX F
THE THAI CHILDREN’S GROWTH CHART BOYS FROM THAILAND MINISTRY OF
REPUBLIC HEALTH DEPARTMENT OF HEALTH
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APPENDIX G

SYSTEM & SENSOR SPECIFICATIONS
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System & Sensor Specifications

Sensor Technology Resistive
Accuracy + 10%
Scan speed Up to 100 Hz.

Pressure Range

0-255 mmHg (0-5 PSI or 0-0.35 kg/cm2)

Thickness

0.35 mm (0.014 in)

Sensel Spatial

Resolution

0.5 sensels per square centimeter

(3.0 sensels per square inch)

Sensing Area

471.4 mm x 471.4 mm (18.56 in. x 18.56 in.)

No. of Sensing Elements

1,024 sensels

Map material

Dartex

Graphics

- Color-coded adjustable sensitivity

- 2D with option for graph of sum force overtime

3D with adjustable perspective

File/record

Export data files in ASCIl format for pressure data,

- Save data file as AVI movies
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APPENDIX H
RELIABILITY OF INTER-INTRA RELIABILITY OF CoF TRAJECTORY AND LOS AREA
MEASUREMENT BY CONFORMAT SYSTEM

Intra-inter rater are liability of CoF trajectory (cm.) and limit of stability (cm2.)
measured by using a seat pressure mat device (Tekscan Comformat, Boston, USA)
with a specific-designed program (Tekscan conformat research 7.20) during leaning
sitting movements. Ten healthy children (9 males, 1 female) with aged between 8-15
years old participated in this study. The examination in four leaning movements
(forward, backward, right and left side) was sit over the seat pressure mat device. The
intra-and inter-rater reliability was statistically examined wusing an intraclass
correlation coefficient (ICC) at 95% confidence intervals (Cl) and the level of
significance for all analyses was set at p<0.05. The intra-and inter-rater agreement are
presented in Table H 1.The results were demonstrated excellent intra-and inter-rater
reliability of CoF trajectory and excellent intra-and inter-rater reliability of LOS by
using seat pressure mat device. Intra-rater reliability of CoF trajectory was ICC [3,1] of
0.999 for forward direction, 0.999 for backward, 0.998 for right side, 0.998 for left side.
Inter-rater reliability was ICC [3,1] of 0.997 for forward direction, 0.998 for backward,
0.996 for right side, 0.981 for left side. For LOS are presented in Table H 2. Intra-rater
reliability of LOS was ICC [3,1] of 1.000 and 0.999 for inter-rater reliability that were
presented in table H 3.



Table H 1. Intra-rater reliability of CoF trajectory (3)
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Seat
Time 1 Time 2 ICCps.q L
Observer pressure mat p-vatue
Mean (SD) Mean (SD) (95% CI)
(direction)
0.999
Forward 8.36 (2.32) 8.38 (2.25) 0.509
(0.997-0.998)
0.999
Backward 7.01 (1.96) 6.99 (1.95) 0.343
(0.998-0.999)
Intra-rater
0.998
Right side 7.76 (1.49) 7.71 (1.48) 0.096
(0.993-0.997)
0.998
Left side 7.19 (0.96) 7.18 (0.97) 0.51
(0.993-0.997)
ICC-inter-class correlation coefficient; Cl- confidence interval; p-value < 0.05
Table H 2. Inter-rater reliability of CoF trajectory (3)
Observer Seat pressure mat (direction) ICC[3,1] (95% CI) p-value
Forward 0.997 0.279
(0.990-0.999)
Backward 0.998 0.823
(0.990-0.999)
Inter-rater
Right side 0.996 1.00
(0.983-0.999)
Left side 0.981 0.427
(0.924-0.995)

ICC-inter-class correlation coefficient; Cl- confidence interval; p-value < 0.05



Table H 3. Intra-rater reliability of limit of stability (cm)
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ICC[3,1] (95% CI)

Observer p-value
Intra-rater 1.000 (1.000-1.000) 0.343
Inter-rater 0.999 (0.998-1.000) 0.443

ICC-inter-class correlation coefficient; Cl- confidence interval; p-value < 0.05
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APPENDIX |
PILOT STUDY

Eight participants were recruited in this study. Four participants were children
with CP and 4 participants were typical children. The characteristics of participants in

each group were described in Table I.1.

Table I. 1: Characteristics of Participants

TD (n =4) CP(n=4)
Age (yrs : Mean + SD) 11.25+0.25 11.00+0.41
Gender (Male : Female) 4:0 3:1
Weight (kilograms: Mean + SD) 32.32+5.31 30.87+3.85
Height (centimeter: Mean + SD) 136.25+3.79 134+2.80

The comparisons between groups were illustrated in Table 1.2. Comparison 2
groups between typical children (TD) and children with CP (CP) or effect of groups
showed that no significant (p > 0.05).
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Table I. 2: The comparison between groups in CoF trajectory parameter

Pairwise Comparisons

95% Confidence Interval

0) ) Mean Std. Sig”? for Difference’

Group Group Difference (I-J) Error

Lower Bound Upper Bound

D cP .258 1.190 .835 -2.652 3.169

Ccp TD -.258 1.190 .835 -3.169 2.652

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.

The table of tests within-subjects effects in CoF trajectory parameter showed
that conditions and directions were significantly difference (p =0.002, p =0.010,

respectively) (Table 1.3).

Table I. 3: Tests within-subjects effects in CoF trajectory parameter

F-test Sig.
Conditions 7.36 0.002*
Conditions x Group 0.66 0.586
Directions 5.04 0.010*
Directions x Group 2.25 0.118
Conditions x Directions 0.72 0.685
Conditions x Directions x Group 0.36 0.950

* Sig. (p < 0.05)

The comparisons between conditions were illustrated in Table 4. The

comparison between 4 conditions consisted of no sensory cues (C1), visual cues (C2),
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verbal cues (C3) and combine between visual and verbal cues (C4) showed that

significantly difference between C1 and C4 (p = 0.021). However, C1 and C3 (p =

0.059), C2 and C4 (p = 0.121) also tends to significantly difference.

Table I. 4: The comparison between conditions in CoF trajectory parameter

Pairwise Comparisons

95% Confidence Interval

for Difference’

Mean
0 0) Difference Upper
condition condition (-)) Std. Error  Sig®  Lower Bound Bound
1 2 -.459 318 1.000 -1.689 71
3 -.985 265 .059 -2.008 .039
a4 -1.421% 307 .021 -2.607 -.235
2 1 459 318 1.000 -771 1.689
3 -526 .330 977 -1.802 751
4 -962 307 121 -2.148 223
3 1 985 265 .059 -.039 2.008
2 526 .330 977 -751 1.802
4 -437 393 1.000  -1.955 1.082
4 1 1.421* 307 .021 .235 2.607
2 962 307 121 =223 2.148
3 437 393 1.000  -1.082 1.955

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

*. The mean difference is significant at the .05 level



Pairwise Comparisons
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95% Confidence Interval

for Difference’

Mean
0 0) Difference Upper
condition condition (-)) Std. Error Sig'a Lower Bound Bound
1 2 -.459 318 1.000  -1.689 771
3 -.985 265 .059 -2.008 .039
4 -1.421* 307 .021 -2.607 -235
2 1 459 318 1.000  -771 1.689
3 -526 330 977 -1.802 751
a4 -962 307 121 -2.148 223
3 1 .985 265 .059 -.039 2.008
2 526 330 977 - 751 1.802
a4 -.437 393 1.000  -1.955 1.082
4 1 1.421* 307 .021 235 2.607
2 962 307 121 -223 2.148
3 437 .393 1.000  -1.082 1.955

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

*. The mean difference is significant at the .05 level
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The comparisons between directions were illustrated in Table | 5. The

comparison between 4 directions consisted of forward (D1), backward (D2), left

direction (D3) and right direction (D4) showed that no significant (p > 0.05).

Table I. 5: The comparison between directions in CoF trajectory parameter

Pairwise Comparisons

95% Confidence Interval for

Mean
0 0 Difference | Difference’
directions directions (-0 Error Sig.a Lower Bound  Upper Bound
1 2 1.868 .639 159 -.601 4.336
3 .833 412 .539 -760 2.426
4 1.291 .586 419 -972 3.553
2 1 -1.868 .639 .159 -4.336 .601
3 -1.034 .486 463 -2.910 .841
4 -577 413 1.000 -2.171 1.018
3 1 -.833 412 .539 -2.426 .760
2 1.034 .486 463 -.841 2.910
4 .458 .390 1.000 -1.048 1.963
4 1 -1.291 .586 419 -3.553 972
2 577 413 1.000 -1.018 2.171
3 -.458 .390 1.000 -1.963 1.048

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.
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The comparisons between groups were illustrated in Table I.6. Comparison 2
groups between typical children (G1) and children with CP (G2) showed that no
significant (p > 0.05).

Table I. 6: The comparison between groups in LOS area parameter

Pairwise Comparisons

95% Confidence Interval
Mean

Sig® for Difference’

() (J) Difference (I- S

Group Group J) Std. Error Lower Bound Upper Bound
1 2 10.536 34.466 170 -73.799 94.872

2 1 -10.536 34.466 170 -94.872 73.799

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

The table of tests within-subjects effects in LOS area parameter showed that

conditions were significantly difference (p = 0.002, p = 0.010, respectively) (Table 1.7).

Table I. 7: Tests within-subjects effects in LOS area parameter

F-test Sig.
Conditions 7.89 0.001*
Conditions x Group 0.89 0.465

* Sig. (p < 0.05)
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The comparisons between conditions were illustrated in Table 1.8. The
comparison between 4 conditions consisted of no sensory cues (C1), visual cues (C2),
verbal cues (C3) and combine between visual and verbal cues (C4) showed that
significantly difference between C1 and C3, and C1 and C4 (p = 0.030, p = 0.012,

respectively). However, C2 and C4 (p = 0.177) were tend to significantly difference.

Table I. 8: The comparison between conditions in LOS area parameter

Pairwise Comparisons

95% Confidence Interval
() @)] Mean

for Difference”
conditio conditio Difference  Std.

ns ns (I-J) Error Sig.a Lower Bound Upper Bound
1 2 -9.859 8.498 1.000  -42.686 22.968
3 —30.836* 7.149 .030 -58.451 -3.221
a4 —38.433* 7.433 .012 -67.147 -9.718
2 1 9.859 8.498 1.000 -22.968 42.686
3 -20.978 10.444 548 -61.324 19.369
a4 -28.574 10.057 .77 -67.424 10.277
3 1 30.836* 7.149 .030 3.221 58.451
2 20.978 10.444 548 -19.369 61.324
il -7.596 9.902 1.000  -45.847 30.654
a4 1 38.433* 7.433 .012 9.718 67.147
2 28.574 10.057 .77 -10.277 67.424
3 7.596 9.902 1.000  -30.654 45.847

Based on estimated marginal means, a. Adjustment for multiple comparisons: Bonferroni, *. The

mean difference is significant at the .05 level.
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APPENDIX L
PARTICIPANTS INFORMATION SHEET FOR TYPICAL CHILDREN
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