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CHAPTER 1
INTRODUCTION

1.1 Background and rationale

Postural control can be defined as the ability to maintain center of gravity (COG)
relative to base of support (BOS) (Pollock et al., 2000; Shumway-Cook & Woollacott,
2012). This ability is one of the essential fundamental skill for children (Hay & Redon,
1999; Shumway-Cook & Woollacott, 2012). During stance with fixed feet position, the
body can move around in all directions within limits of stability (LOS). LOS is defined
as the greatest distance in any directions that a person can lean away from vertical
midline with fixed BOS (Melzer et al., 2009). Postural control is achieved by the
complex interactions of sensory, motor, as well as central nervous system (Allum et
al., 1998; Horak et al., 1997; Shumway-Cook & Woollacott, 2012). Many factors
directly affect to the postural control performance such as development of sensory
systems, coordination, anthropometric characteristics, and muscle strength (lbrahim
et al,, 2013; Shumway-Cook & Woollacott, 2012). Previous study reported that the
lower extremity strength had a strong relationship with balance ability (Ibrahim et al,,
2013), as well as a common factor associated with history of recurrent falls (Nevitt et

al., 1989; Society et al., 2001; Tinetti et al., 1986)

Reach test is one of the performance-based tests in clinical balance assessments
used to measure limits of stability. A greater reach distance represents a larger limits
of stability and also indicates better dynamic balance ability (Liao & Lin, 2008).
Functional Reach Test (FRT) was first developed by Duncan and colleagues in 1990
to measure limit of stability in forward direction (Duncan et al,, 1990). The test was
used for assessing dynamic balance ability and reaching performance in children. A
child who has a lower reach distance than the critical values may be indicated as
delay in the reaching skill (Donahoe et al., 1994). Previous studies have been found

that several individual’s factors in children associated with the reaching scores,



including age (Donahoe et al., 1994), height (Habib & Westcott, 1998; Volkman et al,,
2007, 2009), weight (Norris et al., 2008), and upper extremity length (Butz et al,,
2015). Thus, the variations of these factors will play essential roles in the reaching
distances but there have been controversial. The FRT specifically measures LOS in
forward direction. Thus, it is not covered all movement performances in daily living
that were commonly used in several directions while performing an activity such as
lateral leaning body to touch the target, backward leaning to avoid an object in front

or reaching to pick up an object.

In 2001, Newton developed the Multi-Directional Reach Test (MDRT) to measure LOS
in a more extended directions than FRT (Newton, 2001). This test was developed for
measuring the LOS in four directions including forward, backward, leftward and
rightward directions. MDRT is considered as a simple test to understand and perform
and required only a yardstick or ruler to measure the score of reaching (Holbein-
Jenny et al,, 2005; Newton, 1997; Tantisuwat et al., 2014). It has been shown to be
reliable (test-retest reliability, ICC = 0.66 to 0.83 and inter-rater reliability, ICC = 0.91
to 0.98) and valid (concurrent validities of MDRT with Timed Up and Go, r = -0.26 to -
0.44 and Berg Balance Scale, r = 0.53 to 0.78) for measuring dynamic balance ability
and LOS in anteroposterior and mediolateral directions (Holbein-Jenny et al., 2005;
Newton, 2001). However, the study of the factors affecting multi-directional reach
distances in each direction is not available in children. Therefore, this study aimed to
investicate the associations of age, anthropometric characteristics and lower
extremity strength with the Multi-Directional Reach Test in typical children with 7 to
12 years old. These relationships were expected between interesting variables (age,
anthropometric characteristics and lower extremity strength) and multi-directional
reach distances, in order to provide comprehension of the effects of interesting

variables, which are clinically relevant on LOS in each direction.



1.2 Objective of the study

1) To investigate the relationship of age with the multi-directional reach distances
2) To determine whether the interesting variables (anthropometric characteristics and
lower extremity strength) would be correlated with multi-directional reach

distance in each direction.

1.3 Hypothesis of the study

1. The multi-directional reach distances in all directions would be increased by age.
2. The interesting variables (age, anthropometric characteristics, and lower extremity

strength) have associations with the reach distances in each direction.

1.4 Scope of the study

This study investigated the associations of age, anthropometric characteristics and
lower extremity strength with the multi-directional reach distances. This study was
conducted in primary and secondary schools in Bangkok metropolitan region,

Thailand.

1.5 Brief method

Typical children aged 7 to 12 years old who agreed to participate and received an
allowance from their parents were invited to the study. All participants who met the
criteria were assessed an anthropometric characteristics data by first investigator.
After that, they were asked to perform the Multi-Directional Reach Test and lower
extremity strength testing which conducted by second, third and fourth investigators.

In this study, all outcomes were collected in thirty to forty-five minutes.



1.6 Advantage of the study

The results of this study would be able to explain the effects of age, anthropometric
characteristics and lower extremity strength on multi-directional reach distances in
forward, rightward, leftward, and rightward directions. The researcher expected that
these relationships could be helpful for physical therapists to comprehend the
effects of interesting variables which clinically relevant on limits of stability in each

direction.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The literatures were reviewed to support the study of associations of age,
anthropometric characteristics and lower extremity strength with the Multi-Directional
Reach Test in typical children 7 to 12 years old. Basic knowledge and other

important details are explained following the topics.
1. Postural control in typical children
- Normal postural control
- Development of postural control
- The factors that influence on postural control
2. Clinical balance assessments
- Functional Reach Test
- Multi-Directional Reach Test
- Pediatric Balance Scale
- Timed Up and Go

3. Measurement of muscle strength

2.2 Postural control in typical children
2.2.1 Normal postural control

Postural control is operationally defined as an ability to maintain center of
gravity (COG) relative to base of support (BOS), or more generally, within the limits of
stability (LOS) (Alexander, 1994; Pollock et al., 2000; Shumway-Cook & Woollacott,
2012). This ability was encompassed the acts of three categories of human activities

including the performance to 1) maintain proper alignment relative to the limits of



stability, 2) achieve balance, meaning that the ability to anticipate postural transitions
from one of body position to another, and 3) restore balance during received
disturbances (Mancini & Horak, 2010; Pollock et al., 2000). The postural control is
achieved by complex interactions of several body systems (Pollock et al., 2000;
Shumway-Cook & Woollacott, 2012). Seven components of postural control, based
on the conceptual framework of Shumway-Cook and Woollacott, are consisted of
musculoskeletal components, neuro-muscular synergies, internal representations,
anticipatory mechanisms, adaptive mechanisms, individual sensory systems, and
sensory strategies (Figure 2.1) (Shumway-Cook & Woollacott, 2012). All of
components contribute to an appropriate posture related to environment and task

condition (Shumway-Cook & Woollacott, 2012).

The musculoskeletal components include biomechanics and muscle
properties which are involved muscle strength, muscle length, and muscle flexibility
(Shumway-Cook & Woollacott, 2012). In children, changing of muscle strength with
increasing age may be one of the important factors for improving balance ability.
Ibrahim and coworker studied the association of postural control performance and
muscle strength in children aged 6 to 10 years. This study found that the muscle
strength was improved with increasing age. Overall stability index, represented the
postural control performance, had a significant relationships with all muscle strength
indexes (r = 0.83 to 0.91, P < 0.001) included trunk strength index (summing up of
trunk flexors and trunk extensors), lower extremity strength index (summing up of
both sides: hip extensors, hip flexors, knee flexors, knee extensors, and ankle
plantarflexors), anti-gravity strength index (summing up of trunk extensors and both
sides hip extensors, knee extensors, and ankle plantarflexors), pro-gravity strength
index (summing up of trunk flexors, and both sides hip flexors, knee flexors, and
ankle dorsiflexors) and total strength index (summing up both sides of the eleven
muscle groups). These relationships were indicated that postural control in standing
position required strength both of the lower extremity and core stabilizer muscles

based on their specific function (Ibrahim et al., 2013). Several studies suggested that



weakness of lower extremity muscles as a common factor associated with balance

impairment in fallers (Nevitt et al., 1989; Society et al., 2001; Tinetti et al., 1986)

Neuro-muscular synergies are one of the components to regulate muscle
tone for keeping the body position that collapsed from gravity force and controlling

the pattern of movement to maintain proper alignment.

Internal representations or body schema, this system is used as the postural
frame of reference for comparing sensory inputs, interpreting self-motion and
calibrating motor actions. The developments of sensory and motor systems of

postural control lead to improve an appropriate internal representation.

Anticipatory mechanisms are the processes to preprogram the force prior
doing any tasks which bases on individual’s experience. The anticipatory mechanisms
are used to prevent a disturbance that perturbing or damaging to the system

(Shumway-Cook & Woollacott, 2012).

Adaptive mechanisms are the strategies of postural control used to perform
against disturbances which may occured from external or internal perturbations. The
strategies or postural responses are varied from amplitudes, velocities, directions and
environments during received perturbation (Shumway-Cook & Woollacott, 2012).
Ankle strategy commonly uses to response a small perturbation in situation of firm
support surface (Shumway-Cook & Woollacott, 2012). Hip strategy is used to
response a larger, faster perturbation, and received perturbation during standing on
unstable or small support surface such as balance beam (Horak & Nashner, 1986).
Suspensory strategy is a mechanism to lower the body’s COM toward the BOS by
flexion at hip, knee, and ankle joints (Marjorie Hines Woollacott & Shumway-Cook,
1990) and stepping strategy is used to establish a new BOS under the body’s COM
when the ankle, hip and suspensory strategies are insufficient to recover the balance

(Shumway-Cook & Woollacott, 2012).

Individual sensory systems include visual, vestibular, and somatosensory
systems. All systems are used to determine the body’s position and orientate the

body’s movement in space relative to gravity and environment (Shumway-Cook &



Woollacott, 2012). The proportions of sensory systems during quite stance on stable
and firm support surface are required 10% from the vestibular system, 20% from the
visual system, and 70% from the somatosensory system (Horak, 2006). These
proportions or sensory strategies are varied from age, tasks, and environments which

depended on the accuracy in each system (Shumway-Cook & Woollacott, 2012).

Musculoskeletal
/ components \
Sensory @ Neuro-muscular

strategies @ Q synergies

Individual ﬁ Postural confrol @ Internal

sensory systems representations

2 8 7

Adaptive Anticipatory

Mechanisms L. Mechanisms

Figure 2.1: Conceptual framework of postural control

(Modified from Shumway-Cook and Woollacott, 2012)

2.2.2 Development of postural control

Development of postural control is a complex processes which involved the
maturity of several systems (Shumway-Cook & Woollacott, 2012). The ability to
independent stance in children was achieved in the first year of life and more stable
control with their increasing age (Rival et al., 2005). Indeed, the maturity level of
postural control in standing position is unable to specific by age (Rival et al., 2005).
However, there are many criteria used to characterize the adult-like balance patterns

such as the decreasing magnitude and frequency of postural sway (Rival et al., 2005),



the consistency of strategy and reactive pattern, and the ability of reweight response

from multisensory inputs (Rival et al., 2005; Shumway-Cook & Woollacott, 2012).

Both of the amplitude and the frequency of postural sway in children were
decreased with increasing age (Kirshenbaum et al., 2001). Previous study showed that
the spontaneous sway during quite stance in older children had a shorter excursion
and more accurate control than younger children (Riach & Starkes, 1994). Therefore,
the ability to control balance in children was more stable control with their
increasing age and also in the results from muscle activity to reactive control
balance. The refinement of muscle activity during reactive balance in children aged 7
to 10 years old were found that there are no significant differences in variability,
onset latency, and temporal coordination of the muscles within leg synergies
between the children in this age group and adult (Shumway-Cook & Woollacott,
2012). In addition, the development of adaptive performance in children aged 7 to
10 years begin to show the consistency of strategy control with high level of
abdominal muscle activity (Roncesvalles et al., 2004; Marjorie H Woollacott et al,,

1998).

Kirshenbaum and coworker suggested that the adult-like balance patterns
begin to emerge around the age of 7 to 8 years old which called transition period
(Kirshenbaum et al,, 2001). These patterns are included two main developmental
changes; a refinement of muscles activity and improvement of strategies in feedback-
based to control balance (Hatzitaki et al., 2002; H. G. Williams et al, 1983). In
transition period, the strategies of feedback-based change from visual dependent to
multisensory inputs which more adapted from multi-sensory (somatosensory and
vestibular system) to control balance when one (or more) of these sense is an

inaccuracy.
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2.2.3 The factors that influence on postural control
2.2.3.1 Age

The postural control in children improved with increasing age due to
the maturity from all systems such as neuromuscular responses, sensory strategies
that organized from multiple sensory, anticipatory mechanisms and adaptive capacity
that used to response balance perturbation. Previous study found that younger
children present a hip-dominated response with minimal abdominal activity to the
external pertubation. Until the children reach 7 to 10 years of age, they began to
show the consistency of strategy that used to control balance with high level of
abdominal muscle activity. Moreover, changing of the anthropometric characteristics
and muscle strength may be affected to the balance ability (Shumway-Cook &
Woollacott, 2012).

2.2.3.2 Anthropometric characteristics

The anthropometric characteristics are one of the essential factors
which affected to the balance ability. The difference of body proportions in children
directly affect to the location of body’s COM. In children, the location of the body’s
COM was higher than adult which stay around T12 level, as compared with L5-S1
level in adult. Therefore, the children show more difficult to control balance and
also perform with faster rate sway (Shumway-Cook & Woollacott, 2012). However,
after 7 years of age, there is no correlation between the structural growth of the
human body (age, height, body mass) and body sway during quite stance
(Lebiedowska & Syczewska, 2000; Shumway-Cook & Woollacott, 2012).

2.2.3.3 Muscle strength

The muscle strength is a one of musculoskeletal components to
control balance, based on the conceptual framework of postural control (Shumway-
Cook & Woollacott, 2012). In standing position, the strength both of the core
stabilizer and peripheral muscles are required to control postural stability (Ibrahim et
al,, 2013). In generally, the postural stability composes of multiple directions,

including anteroposterior, mediolateral, and multidirectional plans. The muscle
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strength and muscle response patterns are differently required in each direction of
postural stability. In anteroposterior stability, this direction was primarily used the
muscles around the ankle joint (gastrocnemius, tibialis anterior), followed by
activation of the quadriceps or hamstring muscles, and abdominal muscles to
response disturbance, called the distal to proximal response pattern. In contrast to
the mediolateral plan, the muscle responses pattern was reversed from proximal to
distal response which primarily used muscles around the hip joint. Several studies
found that the hip abductor muscles (gluteus medius and tensor fascia latae) and
adductor muscles were mostly used to control balance in mediolateral sway (Day et
al.,, 1993; Shumway-Cook & Woollacott, 2012; Winter et al., 1996). Furthermore, not
only the muscle strength was important for the ability to control balance but also
this outcome was able to reflect the health status and the physical fitness.
Decreasing of the muscle strength can lead to functional or activity limitations

(Takken et al., 2003).

2.3 Clinical balance assessments

The clinical balance assessments are helpful to document balance status. In
presently, there are many clinical balance assessments that easily used to measure

balance performance and identify balance problems in children.
2.3.1 Functional Reach Test

The Functional Reach Test (FRT) is a performance-based test which defined
as the ability to maximal forward reach beyond arm’s length with fixed the base of
support (Bartlett & Birmingham, 2003; Duncan et al, 1990). This test was first
developed by Duncan and colleagues in 1990 to measure the limit of stability in
forward direction and predict the risk of fall in elderly (Duncan et al., 1990). During
performing the FRT, the ability of reaching, weight shifting to forward direction and
also the coordination of several systems to control balance which including
anticipatory mechanism, sensory systems, muscle strength and biomechanics were

required (Donahoe et al., 1994; Habib & Westcott, 1998).
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2.3.1.1 Test procedure

The FRT was performed by placing a yardstick or tape measure
parallel to the floor at individual’s shoulder height level. The subject was asked to
stand with comfortable feet apart, an approximate shoulder width. The feet position
was traced on a piece of paper to ensure that this position would not change. After
that the subject was instructed to make a fist, forward flex the dominant arm to 90
degrees and reach as far forward as possible without losing balance or taking a step.
The difference of distance between pre- and post-reaching at 3" metacarpal was
used as an individual’s reach score. The FRT usually performed in three trials and the
results are averaged (Duncan et al, 1990). In 2007, Volkman and colleagues
investicated the methods to improve reliability of FRT in children. This study
reported that reference point for measuring the score of reaching should be changed
from 3" metacarpal to fingertip because the fingertip was more consistency and
simple to lay the ruler in perpendicular fashion at the end points of pre- and post-
reaching positions than used the 3" metacarpal as a reference point (Volkman et al,,

2007).
2.3.1.2 Psychometric properties

The advantages of FRT are quantitative, relevant to the varieties of
functional activity, cost-effective, and simple to understand and perform (Donahoe et
al., 1994; Duncan et al., 1990). The FRT is a reliable and valid tool for measuring the
limit of stability in forward direction. Good intrarater (ICC = 0.87 to 0.97) and
interrater reliability (ICC = 0.98) and moderate test-retest reliability (ICC = 0.64 to
0.75) were found in the FRT (Donahoe et al., 1994) and also showed good to
excellent construct validity (r = 0.77) with laboratory test, limit of stability in forward

direction. (Bartlett & Birmingham, 2003).

As a general guideline suggested (Portney & Watkins, 2009), the intraclass correlation
coefficients (ICC) for reliability testing were indicated good reliability when coefficient
greater than 0.75. The coefficient ranged from 0.50 to 0.75 is represented moderate

reliability and poor reliability is obtained when coefficient less than 0.50. For the
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correlation coefficient (r), this value represents the strength of association. Good to
excellent relationship is indicated when a coefficient greater than 0.75, moderate to
good relationship is obtained in r ranged from 0.51 to 0.75, 0.25 to 0.50 indicated fair

relationship and less than 0.25 indicated little to no relationship.

2.3.1.3 Normative values and influence of several factors on FRT

In the children, FRT was adapted to measure the reaching
performance (Donahoe et al.,, 1994). Doenahoe and colleagues conducted the study
to investigate normative values in children of the United States which aged 5 to 15
years old. The normative and critical values of FRT were described by 95%CI and
1.96 SD below the mean, as showed in Table 2.1. If the score of reach is lower than
the critical value in their age range, a child may be indicated to delay in the reaching
skill (Donahoe et al., 1994). Several studies investigated the effects of demographic
and anthropometric characteristics factors on forward reach distance which are
summarized in Table 2.2. From the literatures finding, the effects of these variables

on reach distance that reflected to the balance ability remain unclear.

The limitation of the FRT is able to measure only forward direction that it is
not covers all movement performances in daily living. Therefore, the Multi-
Directional Reach Test (MDRT) was developed by Newton in 2001 for assessing the

limits of stability in anteroposterior and mediolateral directions (Newton, 2001).

2.3.2 Multi-Directional Reach Test

The Multi-Directional Reach Test (MDRT) was developed to assess limits of
stability in four directions, including forward, backward, leftward and rightward
directions (Newton, 2001). The directions were extended from FRT which aimed to
measure the limits of stability cover all directions of the movement performances in
daily living. Moreover, this test was used to screen risk of fall in elderly (Duncan et

al., 1990; Newton, 2001).
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2.3.2.1 Test Procedure

The procedures of MDRT are similar to the FRT, the subject was asked
to reach as far as possible with fixed base of support in standing position. Prior
testing, the vyardstick or tape measure was horizontally placed to the floor at
individual’s shoulder height level. The starting position in forward and backward
directions was set at 90 degrees of shoulder flexion. In rigshtward and leftward
directions, the subject was asked to raise their arm in 90 degrees of abductions. After
that the subject was instructed to reach as far (direction given) as possible without
moving the feet or taking a step and try to keep the hand along the yardstick. The
subject was allowed to use their typical strategies to accomplish the tasks.
Differentiation between the starting and the ending positions of index fingertip was

represented the reach score in each direction (Newton, 2001).
2.3.2.2 Psychometric properties

The MDRT is a valid (moderate to good concurrent validity with Berg
Balance Scale (BBS), r = 0.53 to 0.78, fair to moderate concurrent validity with
Activities-specific Balance Confidence Scale (ABC), r = 0.41 to 059 and fair
relationship with scores of Timed Up and Go (TUG), r = -0.26 to -0.44) (Holbein-Jenny
et al,, 2005; Newton, 2001) and reliable tool (moderate to good test-retest reliability,
ICC = 0.66 to 0.83 and good inter-rater reliability, ICC = 0.91 to 0.98) for measuring
the dynamic balance ability and LOS in anteroposterior and mediolateral directions

(Holbein-Jenny et al., 2005).

The MDRT was widely used in the elderly population (Holbein-Jenny et al,,
2005; Newton, 1997, 2001; Tantisuwat et al., 2014). However, based on a review of
current literatures, the study about normative values and factors that affect to the
reach distances in MDRT are not available in children, especially in the backward
direction. In 2011, Deshmukh and colleagues established the normative values of FRT
and Lateral Reach Test (LRT) in Indian school-age children (Deshmukh et al., 2011)

which are presented in Table 2.3.
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The forward reach distances in Indian children aged 6 to 12 years old that
proposed by Desmukh and colleagues were ranged from 22.7 cm to 37 cm as
showed in Table 2.3 (Deshmukh et al., 2011). When these scores were compared
with the results of Donahoe and colleagues that conducted the FRT in the United
States children for similar age group (Donahoe et al., 1994), it was found that the
forward reach distances in the Indian children showed higher mean values than
United States children. This result may be due to the variation in growth spurt or
difference of environmental factors and life-styles that occurred among children

from different counties.

2.3.3 Pediatric Balance Scale

Pediatric Balance Scale (PBS) is modified from Berg Balance Scale (BBS) which
aimed to measure balance ability in school-age children with mild to moderate
motor impairment. This test is considered to be the gold standard for balance

measurement (Franjoine et al., 2003; Langley & Mackintosh, 2007).
2.3.3.1 Test Procedure

The PBS is used to measure the performances in the aspect of ability
to perform tasks in daily living consisted of static and dynamic balance tasks within
fourteen items. The fourteen items are included sitting to standing, standing to
sitting, transfers, standing unsupported, sitting unsupported, standing with eyes
closed, standing with feet together, standing with one foot in front, standing on one
foot, turning 360 degrees, turning to look behind, retrieving object from floor, placing
alternate foot on stool, reaching forward with outstretched arm. The total score is
fifty-six, in each item scored from zero to four, zero point represents an inability to
perform the task and four point represents the task was correctly performed with

independent (Franjoine et al., 2003).
2.3.3.2 Psychometric properties

The PBS is considered a reliable (good test-retest reliability, ICC = 0.99
and inter-rater reliability, ICC = 0.99) (Franjoine et al., 2003) and valid tool for
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measuring balance ability (moderate to good convergent validity with Pediatric
Evaluation of Disability Inventory (PEDI), r = 0.64 to 0.71 and good to excellent
convergent validity with Gross Motor Function Measure (GMFM-88), r = 0.93) (Yi et al,,

2012). However, this measurement requires many equipment and timing to assess.

2.3.4 Timed Up and Go

The Timed Up and Go (TUG) is an assessment that recorded the duration
during performed function mobility tasks. This test reflects a basic mobility skills in
daily living, included sitting to standing, walking a short distance, turning, and sitting

down (Podsiadlo & Richardson, 1991).
2.3.4.1 Test Procedure

The functional mobility tasks that performed in TUG test are consisted
of sit to stand, walk a short distance (3 meters), turn, and sit down. The subject was
asked to perform these tasks as fast as possible without running. Duration that

subject used to perform was recorded in a unit of seconds.
2.3.4.2 Psychometric properties

The TUG is a valid (moderate to good concurrent validity with gait
speed, r = -0.55, Berg Balance Scale (BBS), r = -0.72 and fair relationship with scores
of MDRT, r = -0.26 to -0.44) (Newton, 2001; Podsiadlo & Richardson, 1991) and
reliable assessment tool (good test-retest, ICC = 0.83 and inter-rater reliability, ICC =
0.81 to 0.89) (Habib et al, 1999; E. N. Williams et al., 2005) for determining the

dynamic balance ability.

In presently, there are many clinical balance assessments used to measure the
balance ability. The properties of measurement tool are one of the factors that
should be concerned for selecting the measurement (Saether et al., 2013). These
properties such as reliability, validity and Minimal Clinically Important Difference

(MCID) are helpful the assessor ensured that the results of the test able to accurately
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reflect balance performance. Also the criteria to categorize the clinical balance
assessment including domain of International Classification of Functioning, Disability
and Health (ICF), primary purpose of the test, and functional goals of the balance
assessment are helpful for choosing the appropriate balance assessment (Saether et
al,, 2013). Functional goals of the balance assessment are associated with three
broad categories of human activities which consisted of maintain, achieve, and
restore balance (Saether et al,, 2013). Table 2.4 represents the focus of balance
assessment included type of balance which categorized by functional goals of
assessment, ICF domain, and primary propose of the test, clinical utility, scale of
measurement, and properties of the clinical balance assessment included reliability,
validity, and Minimal Clinically Important Difference (MCID) of Functional Reach Test
(FRT), Multi-Directional Reach Test (MDRT), Timed Up and Go (TUG), and Pediatric
Balance Scale (PBS).
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Table 2.3: Normative values in Functional Reach Test and Lateral Reach Test

Test | Age (year) Gender Mean +SD (cm)  Test | Mean + SD (cm)
Female 227 £ 3.0 163+ 23
6
Male 253+ 45 16.7 £ 2.3
Female 26.1 £ 3.9 186 + 2.4
;
Male 289 £33 221 +1.2
Female 289 £33 222+ 26
8
ki Male 28.7 + 2.8 - 188 + 1.7
= 0
< =
3 Female 29.7 £ 4.3 S 19.7+ 28
v S
< 9 5
s Male 314 +43 < 19.2 + 2.3
S ©
5 g
c Female 315 + 3.6 © 19.6 + 1.9
L 10
Male 322+5.1 216 £ 45
Female 318+ 27 210+ 2.1
11
Male 322 +30 212+ 19
Female 37.0+44 215+ 29
12
Male 341 +4.0 225+ 33

22
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2.4 Measurement of muscle strength

The muscle strength testing is performed with various methods which able to
perform with or without equipment (Jones & Stratton, 2000). In clinical setting, the
manual muscle testing (MMT) is the most common method for measuring muscle
strength (Eek et al,, 2006). However, this method is prone to assessor bias because
the MMT grades are relied upon the assessor’s judement the magnitude of force to
the subject. Previous studies have been found that the sensitivity to detect muscle
strength between grade 4 and 5 was poor (Aitkens et al., 1989; Schwartz et al., 1992)
and also in Schwartz and colleagues reported that MMT does not sufficiently
quantify muscle strength, especially for grades 3+ to 5 (Schwartz et al,, 1992).
Therefore, the quantitative measurement tool is required for measuring muscle

strength.

A hand-held dynamometer (HHD) is a battery-operated and portable device which
able to record force in newtons and pounds. HHD is a reliable and valid tool for
assessing muscle force in adults and children (Macfarlane et al,, 2008). The HHD
method is divided into the make test and break test techniques. In the make test
techniques, the assessor holds the dynamometer stationary while the subject exerts
a maximum force against it (Berry et al., 2004; Eek et al., 2006; Seagraves & Horvat,
1995). In the break test technique, this technique characterizes as the assessor holds
the dynamometer and applies force against until overcomes the maximum subject’s
muscle force (Eek et al., 2006; Seagraves & Horvat, 1995). Previous studies have been
reported that the break test technique produces higher muscle force values than the
make test technique (Bohannon, 1988; Jones & Stratton, 2000; Seagraves & Horvat,
1995) and also suggested that it is more valid to represent the muscle strength
(lbrahim et al., 2013; Jones & Stratton, 2000). Moreover, this technique is a reliable
method (ICC = 0.75 to 0.93) (Stratford & Balsor, 1994).
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2.5 Conceptual framework

This study focuses on the associations of age, anthropometric characteristics and
lower extremity strength with the multi-directional reach distances in each direction.
Figure 2.2 showed the conceptual framework of the study which could be described
as follows: The variables of interest were age, anthropometric characteristics, and
lower extremity strength. All of variables had an effect on dynamic balance ability in
the children. Considering about the aspects of clinical balance assessment, the Multi-
Directional Reach Test was used to measure limits of stability in forward, backward,
leftward, and rightward directions. The results of this test were described as a reach
distances in a unit of centimeters (cm). This study aimed to investigate the
associations of interesting variables (age, anthropometric characteristics and lower

extremity strength) with the multi-directional reach distances in each direction.
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CHAPTER 3
MATERIALS AND METHOD

3.1 Introduction

This chapter describes the study design, sample size, participants characteristics,
screening tools, data collection tools, instrumentations, study outcomes, procedure

and data analysis.

3.2 Study design

A cross-sectional study was used to describe the associations of age, anthropometric
characteristics and lower extremity strength with the reach distances in four
directions. The study protocol was approved by Ethic Review Committee for
Research Involving Human Research Subjects, Health Science Group, Chulalongkorn

University (Appendix A).

3.3 Sample size

Sixty children who were eligible based on criteria participated in this study. The
number of participant was calculated by G*Power program version 3.1.9.2 based on

results from pilot study (Appendix B).

3.4 Participants

Sixty children with typical development, aged between 7 to 12 years old were
recruited from Sriwittayapaknam School and Nidhiprinya School. These schools were
selected from primary and secondary schools in Bangkok metropolitan region by
convenience sampling technique. The children were categorized into 6 age-
subgroups from the age of 7 years to 12 years which is defined at 6 months interval

(£ 3 months) (Alvarez et al., 2008). All participants met the following criteria.
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3.4.1 Inclusion criteria
1. Aged between 7 to 12 years old

2. Had an age appropriate height and weight, based on Thai children’s
growth chart (Department of health, 1999).

3. Used the right hand as limb dominance.

4. Able to understand and follow command.

3.4.2 Exclusion criteria

1. Had a history of musculoskeletal problems which affected ability
to stand or complete the tasks such as pain, limited range of
motion, fracture, deformity, noticeable scoliosis, and leg

discrepancy different more than 2 centimeters.
2. Had a history of neurological problems such as seizure.

3. Had visual problems that unable to correct by eyeglasses or

contact lens.

4. Received the medication that having the sedative effect or effect

on postural control ability within 24 hours prior to testing.

5. Unable to complete the task.

The purposive sampling technique was used for selecting participants who eligible
based on criteria. The children who agreed to participate and their parent allowed

were invited to the study.
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3.5 Screening tools
3.5.1 Screening questionnaire

The screening questionnaire was used to screen eligibility of participants. It
was created by a researcher. This questionnaire consisted of three parts: the
demographics part (birthday, age, gender and health condition), the screening part
which based on criteria and the physical activity part (Appendix C). All information in

this questionnaire was replied by parent of children.

3.5.2 Thai children’s growth chart

The Thai children’s growth chart was developed by Ministry of Public Health
(Thailand) in 1999 (Department of health, 1999). This chart was used to screen height
and weight of the children according to their age range and gender. (Appendix D).

3.6 Data collection tools
3.6.1 Personal data collection form

The personal data collection form was created to collect the data of
participants included 1) demographics and anthropometric characteristics data, 2)
eligibility of participants which considered the information both of the screening
questionnaire from their parent and physical examination by investigator, 3) the
multi-directional reach distances and 4) lower extremity strength values. (Appendix

E).

3.7 Instrumentations
3.7.1 The instrument for measuring MDRT

An adjustable clothes rail was adapted to be the instrument for measuring

MDRT (Figure 3.1). Reach distance was measured by an aluminum ruler that affixed



32

to the clothes rail. To ensure that the ruler horizontally placed to the floor, the

bubble level was used.

£ — — Aluminum ruler

Clothes rail

Bubble level

Figure 3.1: The instrument for measuring MDRT

3.7.2 Hand-held dynamometer

The hand-held dynamometer, model 01165 Lafayette manual muscle test
system, Lafayette Instrument Company, Lafayette, USA (Figure 3.2) was used for

measuring the lower extremity strength values.

Figure 3.2: Hand-held dynamometer

3.7.3 Digital scale

The digital scale (Figure 3.3) was used to measure the participants’ weight in a

unit of kilograms. Test-retest reliability was evaluated with intraclass correlation
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coefficient in 5 healthy young adults before collecting the data. This value showed

good test-retest reliability (ICC 3, 1 = 1.00) (Appendix F).

Figure 3.3: Digital scale

3.7.4 Measuring tape

The measuring tape (Figure 3.4) was used to measure the participants’ height,

upper extremity length and lower extremity length in a unit of centimeters.

Figure 3.4: Measuring tape

3.7.5 Footprint

The footprint (Figure 3.5) was collected for measuring the participants’ foot

width and foot length in a unit of centimeters.



Figure 3.5: Footprint

3.8 The study outcomes

3.8.1 Independent variables

34

Independent variables of this study consisted of age, anthropometrics and

lower extremity strength as showed in Table 3.1.

Table 3.1: Details of age, anthropometrics and lower extremity strength

No. Independent variables Unit

1. Age Years

2. Anthropometrics
- Height Centimeters (cm)
- Weight Kilograms (kg)

- Upper extremity length
- Foot length
- Foot width

3. Lower extremity strength
- Hip muscles (flexors, extensors,
adductors, abductors)
- Knee muscles (flexors, extensors)
- Ankle muscles (dorsiflexors,

plantarflexors)

Centimeters (cm)
Centimeters (cm)

Centimeters (cm)

Newton (N)
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3.8.2 Dependent variables

The dependent variables of this study were multi-directional reach distances

in each direction, including forward, backward, leftward, and rightward directions.

3.9 Procedure

At the beginning, an investigator screened the participants, based on the criteria. The
children who interested to participate and had eligibility criteria were recruited to the
study. All children’s parents received an introduction letter as well as an information
sheet (Appendix G), parent’s consent form (Appendix H) and screening questionnaire
(Appendix C). The children who agreed to participate, passed the screening tests
(screening questionnaire and physical assessment), received an allowance from their
parent and returned the signed consent form were invited to participate in the study.

The children’s informed consent (Appendix |) was signed prior data collection.

The first investigator who is a physical therapist collected the anthropometrics data
including 1) height, measured in standing position by a measuring tape that vertically
attached on the wall, 2) weight, measured by a digital scale in a unit of kilograms, 3)
upper extremity length, measured by a measuring tape in a unit of centimeters from
an acromion process to a middle fingertip in supine lying position with the shoulder
in neutral, elbow extended, forearm pronated, wrist in neutral, and finger extended
(Deshmukh et al., 2011) and 4) footprints, collected in both feet to measure foot
length and foot width. Foot length was measured from the most anterior of toe
position to the most posterior of heel position and foot width also measured from
the most medial edge to lateral edge of the foot. The intrarater and interrater
reliability were evaluated before collecting data. Intraclass correlation coefficients,
ICC (3, 1) showed good intrarater and interrater reliability for anthropometric
characteristics testing (0.962 to 0.999 and 0.952 to 0.998, respectively) (Appendix F).
The Multi-Directional Reach Test (MDRT) and lower extremity strength testing were

assessed after completely collected the anthropometric characteristics data. The
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children were asked to perform MDRT prior lower extremity strength testing to avoid

any fatigue.

The Multi-Directional Reach Test (MDRT) was assessed in four directions. The
computer generated random numbers were used to generate the orders of directions
that asked to perform. At the beginning, all children were instructed to stand
barefoot on a piece of paper adhered to the floor using tapes. Stance width was set
at an approximate shoulder width apart. To ensure the base of support during
reaching remained equal in all directions, feet position was traced on the paper. The
procedure of MDRT was demonstrated before testing by the second investigator. The
practice trials was allowed until the children understood a test procedure and able

to correctly perform. Starting positions in each direction were set as the following.

Forward and backward directions; the children were instructed to raise their right arm
at 90 degrees of shoulder flexion with the elbow extended, forearm pronated, wrist

in neutral and finger extended (Figure 3.6).

Leftward and rightward directions; the children were instructed to raise their shoulder
at 90 degrees of abduction with the elbow extended, forearm pronated, wrist in

neutral and finger extended (Figure 3.7 and 3.8).

The level of aluminum ruler was set at acromion process’s height before testing. The
children were received standardized instruction to reach as far (direction given) as
possible without losing balance and not to touch the ruler. Both of the movement
strategies that used to perform and scores of reach were recorded. At the end points
of pre- and post-reaching, the participants’ hand was held to keep it stable after that
the investigator used the ruler to lay in perpendicular fashion at middle fingertip. The

difference of distances between middle fingertips at pre- and post- reaching was
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used as a reach score. The trial was discarded and repeated in case of losing
balance, taking a step or touching the ruler during testing. An average of three trials
that correctly performed was used to analysis. The interval between trials was set at
five seconds and one-minute was given between directions to correct the starting
position. All children were closely observed and monitored by investigators to
prevent falling during testing. Prior collecting the MDRT, the intrarater reliability was
assessed with intraclass correlation coefficient (ICC 3, 3) in 5 children. This value was

found good intrarater reliability (0.888 to 0.970) (Appendix F).

Starting position

Figure 3.7: Leftward reaching
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Figure 3.8: Rightward reaching

The lower extremity strength testing was conducted with assistance by another
physical therapist to prevent substitution and compensation when performing the
movements. All strength in eight muscle groups were collected by hand-held
dynamometry (HHD), included 1) hip flexors, 2) hip extensors 3) hip adductors, 4) hip
abductors, 5) knee flexors, 6) knee extensors, 7) ankle dorsiflexors and 8) ankle
plantarflexors. Break test technique was used to collect the strength values in
bilaterally. Procedure of testing followed by Ibrahim et al (lbrahim et al.,, 2013), and
Eak et al (Eek et al,, 2006) which showed in Figure 3.9 and described in Table 3.2.
Prior testing, the children were received an explanation of testing procedure and
practiced with submaximal force until the children were able to correctly perform.
Standardized instruction was given to all children, hold the testing position and do
not let me push your leg. Thirty seconds interval was given between trials to set the
testing position, an average value used to analysis. Intrarater reliability was evaluated
with intraclass correlation coefficient (ICC 3, 3)in 5 children before collecting the

data. ICC (3, 3) was found good intrarater reliability (0.925 to 0.994) (Appendix F).



Ankle dorsiflexors Ankle plantarflexors

Figure 3.9: Lower extremity strength testing

39
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3.10 Data analysis

The statistical analysis was performed with IBM SPSS Statistics version 22 for
Windows. The normality of data distribution was defined by using the Kolmogorov-
Smirnov test. Descriptive statistics were calculated for subject characteristics, multi-
directional reach distances, and lower extremity strength values. Pearson correlation
coefficient was conducted to examine the relationship between MDRT and age-
anthropometric characteristics. Spearman rank correlation coefficient was used to
investigate the relationship between MDRT and lower extremity strength when the
data were non-normal distribution. For this study, correlation coefficient less than
0.25 indicated little to no relationship, 0.25 to 0.50 indicated fair relationship, 0.51 to
0.75 indicated moderate to good relationship and greater than 0.75 indicated good to
excellent relationship (Portney & Watkins, 2009). The statistical significance was

considered at p-value less than 0.05.



CHAPTER 4
RESULTS

4.1 Introduction

This study was to investigate the associations of age, anthropometric characteristics
and lower extremity strength with the Multi-directional React Test in typical children
aged between 7 to 12 years old. This study was conducted over a 6-month period

from July 2016 - January 2017. The results of this study were showed in this chapter.

4.2 Subject characteristics

Sixty children were divided into 6 age-subgroups. The anthropometric characteristics
of participants including gender, height, weight, upper extremity length (both sides),
foot length and foot width were presented in Table 4.1. It was observed that all

variables steadily increased with each year of age.

4.3 Multi-Directional Reach Test

The multi-directional reach distances were described by using mean, standard
deviation and 95% confidence interval as showed in Table 4.2. The normal values of
multi-directional reach distances ranged from 10.0 to 16.3 cm in forward direction,
6.3 to 10.3 cm in backward direction, 8.5 to 11.4 cm in leftward direction and 9.0 to
12.5 cm in rightward direction. The reach distances in all directions seemed to
improve with increasing age, except for children aged 8 years old who had a

tendency to score the MDRT higher than children aged 9 years old in all directions.

4.4 Lower extremity strength values

The values of lower extremity strength were presented in Table 4.3. These values

tended to increase with age in all muscle groups, except for the strength values of
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hip extensors, hip abductors, knee extensors and ankle plantarflexors in children 7
years old. It seemed the strength values in these muscle groups were greater than
children with 8 years old. The highest values of all muscle strength were found in
the oldest children and the highest force values in each year of age were found in

the plantarflexion force.

For this study, the hand-held dynamometer was able to collect the highest force at
554 newtons. But some children in 10, 11, and 12 years of age produced the
plantarflexion force more than 554 newtons which were unable to collect by this
hand-held dynamometer. Therefore, these values were excluded from statistical

analysis (2 values from 10-years, 1 value from 11-years, and 3 values from 12-years).
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4.5 Relationship between Multi-Directional Reach Test and interesting variables

The relationship between multi-directional reach distances in each direction and
interesting variables were defined by correlation coefficients (r), as showed in Table
4.4. Fair to moderate the positive relationship (r = 0.28 to 0.58, p-value < 0.05) was
found between the multi-directional reach distances and age-anthropometric
variables, except for the relationship between weight variable and forward reach

distance (r = 0.25, p-value > 0.05).

In forward direction, fair relationship was observed between the reach distance and
age (r = 0.40, p-value < 0.01), height (r = 0.36, p-value < 0.01), upper extremity length
(r = 0.39, p-value < 0.01), foot length (r = 0.37, p-value < 0.01) and foot width (r =
0.39, p-value < 0.01). The backward reach distance showed a moderate correlation
with upper extremity length (r = 0.51, p-value < 0.01) and foot length (r = 0.54, p-
value < 0.01) and also fair relationship was found between backward reach distance
and age (r = 0.44, p-value < 0.01), height (r = 0.47, p-value < 0.01), weight (r = 0.34, p-
value < 0.01) and foot width (r = 0.40, p-value < 0.01). Fair relationship was observed
between the reach distance in leftward direction and age (r = 0.37, p-value < 0.01),
height (r = 0.31, p-value < 0.05), weight (r = 0.28, p-value < 0.05), upper extremity
length (r = 0.35, p-value < 0.05), foot length (r = 0.33, p-value < 0.05) and foot width
(r = 0.43, p-value < 0.01). In rightward direction, the reach distance showed a
moderate relationship with height (r = 0.52, p-value < 0.01), upper extremity length (r
= 0.58, p-value < 0.01) and foot length (r = 0.50, p-value < 0.01) and also showed fair
relationship with age (r = 0.47, p-value < 0.01), weight (r = 0.44, p-value < 0.01) and
foot width (r = 0.42, p-value < 0.01).

The relationship between scores of the MDRT in each direction and lower extremity
strength values were found a fair positive correlation. In forward direction, the reach
distance showed fair relationship with hip flexors (r = 0.34, p-value < 0.01), knee

flexors (r = 0.34, p-value < 0.01), knee extensors (r = 0.28, p-value < 0.05) and ankle
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dorsiflexors (r = 0.31, p-value < 0.05). Fair relationship was observed between the
reach distance in backward direction and hip flexors (r = 0.38, p-value < 0.01), hip
adductors (r = 0.31, p-value < 0.05), hip abductors (r = 0.28, p-value < 0.05), knee
flexors (r = 0.43, p-value < 0.01) and ankle dorsiflexors (r = 0.42, p-value < 0.01).
Additionally, fair relationship was found between rightward reach distance and hip
flexors (r = 0.43, p-value < 0.05), hip adductors (r = 0.39, p-value < 0.01), hip
abductors (r = 0.39, p-value < 0.01), knee flexors (r = 0.49, p-value < 0.01), knee
extensors (r = 0.41, p-value < 0.01) and ankle dorsiflexors (r = 0.46, p-value < 0.01). In
leftward direction, the reach distance showed a fair correlation with hip flexors (r =
0.27, p-value < 0.05) and knee flexors (r = 0.28, p-value < 0.05). The results of all
associations of the lower extremity strength with scores of the MDRT showed that
knee flexor muscles significantly correlated best with multi-directional reach
distances for all directions (r = 0.28 to 0.49, p-value<0.05). In addition, the hip flexor
muscles also correlated best with the forward reach distance (r = 0.34, p-value <

0.01).
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Table 4.4: Correlations between MDRT and interesting variables

Multi-Directional Reach Test
Variables

Forward  Backward Leftward Rightward

1 *% *% *% *%

Age 0.40 0.44 0.37 0.47

Anthropometric characteristics'

*¥ *¥ * *¥

Height 0.36 0.47 0.31 0.52

Weight 0.25 034 028 0.44
Upper extremity length 0.39 051 0.35 0.58
Foot length 0.37 0.54 0.33 0.50
Foot width 039 0.40 043 042"

Lower extremity strength2

*% *% * *

Hip flexors 0.34 0.38 0.27 0.43

Hip extensors 0.22 0.20 0.07 0.20
Hip adductors 0.25 0.31 0.16 039
Hip abductors 0.21 0.28 0.23 039
Knee flexors 0.34 043 0.28 049"
Knee extensors 0.28 0.30 0.24 041"
Ankle dorsiflexors 0.31 042" 0.22 0.46
Ankle plantarflexors 0.06 0.05 0.16 0.06

" the correlation coefficient was performed by using Pearson correlation coefficient.

? the correlation coefficient was performed by using Spearman rank correlation
coefficient.

" Correlation is significant at the p-value less than 0.05.

*:

" Correlation is significant at the p-value less than 0.01.



CHAPTER 5
DISCUSSION

5.1 Introduction

This chapter presented a study discussion of the factors of age, anthropometric
characteristics and lower extremity strength on Multi-Directional Reach Test (MDRT) in
typical children aged 7 to 12 years. This chapter included the subject characteristics,
normal values of Multi-Directional Reach Test (MDRT) and lower extremity strength,
and the relationship of MDRT with interesting variables. Furthermore, clinical
implications of the study, limitations and suggestions for the further study were

presented respectively.

5.2 Subject characteristics

The anthropometric characteristics of children including height, weight, upper
extremity length (both sides), foot length and foot width were steadily improved with
age. This study recruited the children 7 to 12 years old because the adult-like
balance pattern begin to emerge in children 7 years of age and seem to perform
mature balance in forward direction by 11 to 12 years old (Donahoe et al., 1994;
Shumway-Cook & Woollacott, 2012). The sample size in this study was calculated
from the pilot study. All dependent variables, the sample size was between 18 and
30 children per direction (Appendix B). It would be sufficient to examine all

dependent variables.

5.3 Multi-Directional Reach Test

The multi-directional reach distances seemed to increase with age in all directions.
By 7 to 9 years of age, children in these age groups had a variation of reach distances
in all directions as a fluctuation pattern. Moreover, the fluctuation pattern of MDRT

score still appeared to children aged 12 years old in backward direction.
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The reach distances may be varied by several factors such as the developmental of
postural control in this age range of children that begin to transform toward a more
consistent strategy pattern as an adult-like balance pattern. Hence, the patterns that
used to response balance perturbation of children in this age range may show a
fluctuation (Shumway-Cook & Woollacott, 2012). Also, the movement strategy that
children preferred to perform may be affected to scores of the MDRT. The children
may use different movement strategies to maintain their balance during reaching.
From observation during testing, most children aged 8 years old used a hip strategy
to perform the MDRT. Chen-Fen-Liao and Sang-l Lin studied the effects of different
movement strategies on forward reach distance in healthy young adults. It was found
that the reach distances in hip or mixed strategies were significantly higher than an
ankle strategy (Liao & Lin, 2008). This result agrees with the finding of the previous
study in children that the reach distances were affected by different movement
strategies  (Hirunyaphinun & Taweetanalarp, 2017) and investigators also suggested
the varied movement strategies should be taken into account (Hirunyaphinun &
Taweetanalarp, 2017; Yuksel et al,, 2016). The fluctuation pattern of backward reach
distance still showed in the children aged 7 to 12 years old. This implies that the
postural control in this direction tends to improve further and also the reach
distances in other directions have a tendency to improve with increasing age. In
contrast to this study finding, Donahoe and colleagues found that the forward reach

distance reached a plateau at 11 to 12 years of children (Donahoe et al., 1994).

5.4 Lower extremity strength values

The lower extremity strength values in eight muscle groups including hip flexor, hip
extensor, hip adductor, hip abductor, knee flexor, knee extensors, ankle dorsiflexor
and ankle plantarflexor muscles tended to improve with increasing age in all muscle
groups. Actually, the lower extremity strength values in children aged 8 years old
tended to lower values than children 7 years old, especially group of extended
muscles including hip extensor, hip abductor, knee extensor and ankle platarflexor

muscles. It may be resulted from variability of children that showed the fluctuating



53

pattern to develop. This result agrees with the finding of the previous study of
Beenakker and colleagues that was established reference values for muscle force in

children aged 4 to 16 years of age (Beenakker et al., 2001).

5.5 Relationship between MDRT and age-anthropometric characteristics

The relationship between multi-directional reach distances and age-anthropometric
variables was found that all variables showed a fair to moderate relationship (r =
0.28 to 0.58, p-value < 0.05) with the scores of MDRT for all directions, except for the
relationship between weight variable and forward reach distance (r = 0.25, p-value >
0.05). This results was similar to the study of Yuksel and colleagues, they reported
that fair to moderate relationship was found between the anthropometric variables
including age, height, weight, upper extremity length, lower extremity length, body
mass index and arm span with forward and lateral reach distances (Yuksel et al,,
2016). However, it has not been studied in the backward reach test in children.
Therefore, the reach distance in backward direction was included into the analysis
and results of this study demonstrated that all anthropometrics also associated with

the reach distances in backward direction.

In addition, results of this study showed that the multi-directional reach distances in
each direction correlated best with the different variables. Age correlated best with
the reach distance in forward direction (r = 0.40, p-value < 0.01). Also, foot length,
foot width and upper extremity length correlated best with the backward, leftward
and rightward reach distances, respectively (r = 0.43 to 0.58, p-value < 0.01).
Considering about the intercorrelation of anthropometric variables, all variables had
a strong positive relationship (Appendix H) and also improved with increasing age
which was implied that all variables directly correlated with growth; therefore, all
anthropometric variables might be also potentially affecting to the reaching scores.
These findings were congruent with the previous reports, Donahoe and colleagues

found that the forward reach distance improved with increasing age (Donahoe et al,,
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1994), as reported by Habib and Westcott claimed that the reach distances were
influenced by age of children, accounted for 17% of variance and also in height,
weight and base of support that affect to the reaching scores (Habib & Westcott,
1998) and also the result of Butz and colleagues, investigators suggested that upper
extremity length was a good predictor for scores of the Pediatric Reach Test (Butz et

al., 2015).

5.6 Relationship between MDRT and lower extremity strength

The relationship between multi-directional reach distances and lower extremity
strength values were demonstrated that muscle strength in several muscle groups
fair correlated with scores of the MDRT. In forward direction, the reach distance
showed a fair relationship with hip flexors, knee flexors, knee extensors and ankle
dorsiflexors (r = 0.28 to 0.34, p-value < 0.05). Fair relationship was observed between
the reach distance in backward direction and hip flexors, hip adductors, hip
abductors, knee flexors and ankle dorsiflexors (r = 0.28 to 0.43, p-value < 0.01). Also,
fair relationship was found between rightward reach distance and hip flexors, hip
adductors, hip abductors, knee flexors, knee extensors and ankle dorsiflexors (r =
0.39 to 0.49, p-value < 0.01). In leftward direction, the reach distance showed a fair

correlation with hip flexors and knee flexors (r = 0.27 to 0.28, p-value < 0.05).

Considering about the magnitude of correlations, the present study point out the
knee flexor muscles significantly correlated best with the multi-directional reach
distances for all directions (r = 0.28 to 0.49, p-value<0.05). From the study of
Maranesi and coworker, muscle activation patterns in Functional Reach Test (FRT)
were found in posterior muscles of the body, consisting of back extensor (erectores
spinae), knee flexor (hamstring) and ankle plantarflexor (soleus) muscles. These
muscles were activated after the beginning of the movement (Maranesi et al., 2016).
Knee flexor muscles including semimembranosus, semitendinosus and biceps femoris

act mainly as tonic muscles to control movement or breaking function. Also, the
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result of this study showed that the function of knee flexor muscles was not only
important to control forward reaching movement, but also essential to control
balance during performing the MDRT in all directions. This result agrees with the
finding of the previous study of Kuo and Zajac, investigators reported that the
strength of knee flexor (hamstrings) muscles associated with the ability to generate
movement during leaning position in both of the hip and ankle strategies, especially
in backward direction. Also, investigators suggested that the strength of posterior
muscle of the lower extremity including gastrocnemius, soleus, hamstrings, and
gluteus medius/minimus muscles contributed to greater increases in mobility of the
forward and backward leaning positions (Kuo & Zajac, 1993). In addition, the hip
flexor muscles also correlated best with the forward reach distance (r = 0.34, p-value
< 0.01). This muscle group may be involved for achieving a greater forward
movement, especially the movement pattern in hip strategy. The magnitudes of
associations in present study indicated fair relationship between lower extremity
strength and scores of the MDRT. A possible explanation for this result might be that

the regimen of the MDRT may not require to the maximal lower extremity strength.

5.7 The clinical implications of the study

The study finding may help physical therapists comprehend the effects of interesting
variables which clinically relevant on limits of stability in each direction. For example,
the early-maturating children who have larger anthropometric variables such as
upper extremity length, foot length or foot width may show higher values of multi-
directional reach distances comparing with slow growing children with short stature in
similar age range. It implies that the investigator should be considering various
anthropometrics of children that were affected to the multi-directional reach scores.
Additionally, the relationship between lower extremity strength and scores of the
MDRT demonstrated that the strength of knee flexor muscles was important to
control balance during performing the MDRT in all directions. These results may be
helpful for physical therapist to comprehend the effects of interesting variables

which clinically relevant on limits of stability.
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5.8 The limitations of the study and suggestions for further study

The equipment for collecting muscle strength values in this study was limited. Hand-
held dynamometer was able to collect the highest force at 554 newtons that unable
collecting data for all children. Therefore; further study should be considering the
maximal force that participants will be able to perform and plan to select

appropriate equipment.

The score of MDRT was affected by individual’s different movement strategies.
Hence, the movement strategy should be taken into account. For further study, if the
MDRT is to be used for comparing balance ability, the movement strategy should be
controlled. Then the result can be interpreted more correctly when comparing the
result among children. Moreover, it may present higher relationship between the

MDRT and other variables tested in this study.



CHAPTER 6
CONCLUSION

The results of this study were able to explain the effects of age, anthropometric
characteristics and lower extremity strength on multi-directional reach distances in
each direction. These results demonstrated that the fluctuation pattern of the MDRT
scores still appeared in early children, by 7 to 9 years of age, and also the reaching
scores in all directions have a tendency to improve with increasing age. The
association of interesting variables with scores of the MDRT demonstrated that fair to
moderate positive correlations were found between several anthropometric variables
and the scores of the MDRT in each direction. In addition, the relationship between
reach distances and lower extremity strength indicated that the strength of several
muscle groups associated with the reach distances in each direction. The present
study point out the knee flexor muscles significantly correlated best with the reach

distances for all directions.
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APPENDIX B
SAMPLE SIZE CALCULATION

The sample size was calculated by G*Power program version 3.1.9.2 using
correlation-bivariate normal model. Parameters that used to estimate the number of
participants were included 1) correlation, this value calculated from the coefficient of
determination between interesting variables and reach distances in each direction
(forward direction = 0.353, backward direction = 0.419, leftward direction = 0.397,
rightward direction = 0.530). 2) Alpha error was set at 0.05 and 3) Power was set at
95%. Results from calculation showed the sample sizes were between 18 to 30 per

direction. The justified total number of sample size was 60.

Table J1 Sample size of the study in each variable

Direction of MDRT Number of sample size
Forward 30
Backward 24
Leftward 26

Rightward 18
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APPENDIX D
THAI CHILDREN’S GROWTH CHART
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Thai children’s growth chart: stature-for-age and weight-for-age percentile

(Boys: 5 to 18 years old)
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APPENDIX E
PERSONAL DATA COLLECTION FORM
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Multi-Directional Reach Test
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Date of assessment:

Directions

no.

Difference Mean

Forward direction

Backward direction

Leftward direction

Rightward direction

Reaching strategy [] Hip strategy

[ ] Ankle strategy

D Mixed strateev
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Lower extremity strength

Date of assessment:

Muscle groups

Trial 1 Trial 2

Lt. / Rt. Lt. / Rt.

Trial 3

Lt. / Rt. Lt. / Rt.

Hip

Flexors

Extensors

Adductors

Abductors

Knee

Flexors

Extensors

Ankle

Dorsiflexors

Plantarflexors
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APPENDIX F
RELIABILITY TESTING

A reliability testing was performed to investigate the consistency of investigator
before collecting the data. Intraclass correlation coefficient (ICC) was used to
describe the test-retest, intrarater, and interrater reliability across all variables
collection including anthropometric characteristics, Multi-directional Reach Test

(MDRT), and lower extremity strength.

The data collection for reliability testing separated into two sessions were included
anthropometric testing session and MDRT-lower extremity strength testing session.
The session of anthropometric testing was set to investigate the reliability of
anthropometric measurements including height, weight, lower extremity length, foot
length and foot width for ensuring a quality of participant selection based on criteria
and also the consistency of ability to locate bony prominent. All of the
anthropometrics were collected in 5 healthy young adults at faculty of Allied Health
Sciences, Chulalongkorn University. The MDRT-lower extremity strength testing
session was set to examine the consistency of investigator for collecting the data
which were collected in 5 typical children aged 7 to 12 year-old at Nidhiprinya

School.

The ICC was performed with IBM SPSS Statistics version 22 for Window using the two-
way mixed model. The ICC values were interpreted as good reliability when
coefficient greater than 0.75, moderate reliability when coefficient ranged from 0.50
to 0.75, and poor reliability when coefficient less than 0.50 (Portney & Watkins, 2009).
The mean and standard deviation of anthropometric characteristics, MDRT, and lower
extremity strength were showed in Table I.1, 1.3, I.5, respectively and the reliability of
anthropometric characteristics, MDRT, and lower extremity strength were showed in

Table 1.2, 1.4, 1.6, respectively.
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Table I.1 Mean (SD) of anthropometric characteristics in 5 healthy young adults

Tester 1 Tester 2
Anthropometrics
Day 1 Day 2 Day 1 Day 2

Height, cm 158.7 (5.9) 158.8 (5.7) 158.5 (5.6) 158.5 (5.9)
Weight, kg 55.0 (12.8) 55.0 (12.8) 55.0 (12.8) 55.0 (12.8)
LE length, cm 88.5 (3.6) 88.8 (3.4) 89.8 (4.3) 88.9 (4.4)
UE length, cm 74.7 (2.8) 74.8 (2.8) 74.9 (3.0) 75.1(3.3)
Foot length, cm 23.4(0.8) 23.3(0.9)

Foot width, cm 8.90 (0.8) 8.94 (0.7)

Abbreviations: LE, Lower extremity; UE, Upper extremity length

Table I.2 Test-retetst, intrarater and interrater reliability of anthropometric

measurements in 5 healthy young adults, ICC (3, 1)

Intrarater reliability

Anthropometrics Interrater reliability
Tester 1 Tester 2

Height 0.998 0.994 0.998

Weight Test-retest reliability of measuring scale = 1.00

LE length 0.987 0.971 0.952

UE length 0.982 0.987 0.980

Foot length 0.999

Foot width 0.962

Abbreviations: LE, Lower extremity; UE, Upper extremity length



Table 1.3 Mean (SD) of MDRT in 5 typical children

Direction of MDRT Day 1 Day 2

Forward 12.3(7.6) 12.1(5.2)
Backward 9.3 (4.1) 9.6 (3.8)
Leftward 11.1 (2.3) 12.1(1.9)
Rightward 13.1 (4.9) 11.7 (3.1)

Table 1.4 Intrarater reliability of MDRT in 5 typical children, ICC (3, 3)

Direction of MDRT

Intrarater reliability

Forward

Backward

Leftward

Rightward

0.964

0.970

0.888

0.927

Table 1.5 Mean (SD) of lower extremity strength in 5 typical children

Group of muscles Day 1 Day 2
flexors 159.6 (50.4) 161.8 (54.4)
extensors 325.6 (68.3) 343.0 (73.0)

Hip
adductors 149.7 (61.7) 155.8 (54.6)
abductors 183.2 (51.5) 183.4 (60.8)
flexors 166.4 (62.9) 161.8 (60.1)
Knee
extensors 229.8 (94.6) 206.8 (87.8)
dorsiflexors 204.6 (79.3) 207.8 (78.9)

Ankle

plantarflexors 497.6 (63.5) 460.8 (91.9)

76
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Table 1.6 Intrarater reliability of lower extremity strength testing in 5 typical children,
ICC (3, 3)

Group of muscles Intrarater reliability
flexors 0.980
extensors 0.989

Hip
adductors 0.984
abductors 0.993
flexors 0.994
Knee
extensors 0.993
dorsiflexors 0.992
Ankle
plantarflexors 0.925

In this study, test-retest, intrarater, and interrater reliability of data collection
including anthropometric characteristics, MDRT, and lower extremity strength were
good reliability. These finding supported that the protocol was suitable for data

collection in all interesting variables with minimize errors.
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INFORMATION SHEET
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APPENDIX H
PARENT’S CONSENT FORM
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APPENDIX J
RELATIONSHIP BETWEEN ANTHROPOMETRIC VARIABLES

Variable Age Height Weight UE length Foot length Foot width

Age 1 0.893  0.841 0.861 0.868 0.704
Height 0.893 1 0.857 0.943 0.919 0.710
Weight 0.841  0.857 1 0.831 0.816
UE length 0.861 0943 0.801 1 0.901 0.655
Foot length  0.868  0.919  0.831 0.901 1 0.767
Foot width ~ 0.704  0.710  0.816 0.655 0.767 1

Abbreviations: UE, Upper extremity

Note: all relationships are significantly correlated at the 0.01 level

92



93

VITA

Miss Benjaporn Hirunyaphinun was born on January 7, 1992 in Bangkok,
Thailand. She graduated from Nawaminthrachinuthit Triamudomsuksanomklao
School and enrolled in Department of Physical Therapy, Faculty of Allied Health
Sciences, Chulalongkorn University, Thailand. She graduated with Bachelor degree,
second class honour, in 2013. After she graduated her degree, she decided to

enroll in Master degree of Pediatric Physical Therapy, Faculty of Allied Health

Sciences, Chulalongkorn University.



	THAI ABSTRACT
	ENGLISH ABSTRACT
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1  INTRODUCTION
	1.1 Background and rationale
	1.2 Objective of the study
	1.3 Hypothesis of the study
	1.4 Scope of the study
	1.5 Brief method
	1.6 Advantage of the study

	CHAPTER 2  LITERATURE REVIEW
	2.1 Introduction
	2.2 Postural control in typical children
	2.2.1 Normal postural control
	2.2.2 Development of postural control
	2.2.3 The factors that influence on postural control
	2.2.3.1 Age
	2.2.3.2 Anthropometric characteristics
	2.2.3.3 Muscle strength


	2.3 Clinical balance assessments
	2.3.1 Functional Reach Test
	2.3.1.1 Test procedure
	2.3.1.2 Psychometric properties

	2.3.2 Multi-Directional Reach Test
	2.3.2.1 Test Procedure
	2.3.2.2 Psychometric properties

	2.3.3 Pediatric Balance Scale
	2.3.3.1 Test Procedure
	2.3.3.2 Psychometric properties

	2.3.4 Timed Up and Go
	2.3.4.1 Test Procedure
	2.3.4.2 Psychometric properties


	2.4 Measurement of muscle strength
	2.5 Conceptual framework

	CHAPTER 3  MATERIALS AND METHOD
	3.1 Introduction
	3.2 Study design
	3.3 Sample size
	3.4 Participants
	3.4.1 Inclusion criteria
	3.4.2 Exclusion criteria

	3.5 Screening tools
	3.5.1 Screening questionnaire
	3.5.2 Thai children’s growth chart

	3.6 Data collection tools
	3.6.1 Personal data collection form

	3.7 Instrumentations
	3.7.1 The instrument for measuring MDRT
	3.7.2 Hand-held dynamometer
	3.7.3 Digital scale
	3.7.4 Measuring tape
	3.7.5 Footprint

	3.8 The study outcomes
	3.8.1 Independent variables
	3.8.2 Dependent variables

	3.9 Procedure
	3.10 Data analysis

	CHAPTER 4  RESULTS
	4.1 Introduction
	4.2 Subject characteristics
	4.3 Multi-Directional Reach Test
	4.4 Lower extremity strength values
	4.5 Relationship between Multi-Directional Reach Test and interesting variables

	CHAPTER 5  DISCUSSION
	5.1 Introduction
	5.2 Subject characteristics
	5.3 Multi-Directional Reach Test
	5.4 Lower extremity strength values
	5.5 Relationship between MDRT and age-anthropometric characteristics
	5.6 Relationship between MDRT and lower extremity strength
	5.7 The clinical implications of the study
	5.8 The limitations of the study and suggestions for further study

	CHAPTER 6  CONCLUSION
	REFERENCES
	APPENDIX
	APPENDIX A ETHICAL APPROVAL
	APPENDIX B SAMPLE SIZE CALCULATION
	APPENDIX C  SCREENING QUESTIONNAIRE
	APPENDIX D THAI CHILDREN’S GROWTH CHART
	APPENDIX E PERSONAL DATA COLLECTION FORM
	APPENDIX F RELIABILITY TESTING
	APPENDIX G INFORMATION SHEET
	APPENDIX H PARENT’S CONSENT FORM
	APPENDIX I CHILDREN’S CONSENT FORM
	APPENDIX J RELATIONSHIP BETWEEN ANTHROPOMETRIC VARIABLES

	VITA

