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CHAPTER 1
INTRODUCTION

1.1 Background and Rationale

The elderly are defined by the United Nations (UN) as a population with a
chronological age of 60 years old and over (1). Worldwide, the elderly population is
increasing rapidly. The proportion of elderly in the world population will almost
double from 12% to 22% between 2015 and 2050 (2). Increasing lifetime longevity
brings several opportunities to the elderly, e.g., the ability to work longer and
experience new careers and new activities. However, these opportunities are
restricted by several factors, one of which is health. The elderly tend to decline in
physical and mental health, leading to some conditions which can directly impact on
their functional activities and quality of life (2, 3). These conditions may lead to
inactivity, serious injuries, hospitalization, and death (4). One of the most significant
problems for the elderly is postural instability.

A fall is defined as any situation which unintentionally leads to resting on the
supporting surface, such as the ground, floor, or other lower level (5-7). The
estimated cost of fall-related injuries is 34 billion dollars annually (8). The
effectiveness of fall prevention arises from the appropriate balance assessments.
There are several standardized balance assessment tools for evaluating fall risk in the

elderly, such as the timed up and go test (TUG) (5, 9-12), Berg balance scale (BBS) (6,



13-16), and five times sit to stand test (FTSTS) (17). They have been widely used in
the clinic and in the literature to determine the risk of falls and evaluate functional
skills related to postural control. The four square step test (FSST) is one of the most
useful clinical balance assessment tools. This test evaluates rapid stepping in
multiple directions and stepping across low obstacles (7). Previous studies have
found that 40%-60% of fall-related injuries in the elderly occurred as a result of
tripping while stepping over obstacles (18). Likewise, multidirectional stepping speed
decreased with age (19). The faller population was slower than the non-faller
population (20). Accordingly, FSST may be more appropriate than other balance
assessment tools for testing these risks. The primary advantage of the FSST is that it
is a quick and easy test that can be used to assess activity level according to the
International Classification of Functioning (ICF). It categorizes individuals based on
observations and takes less than 5 minutes to administer. Also, only a stopwatch and
four canes are required. It has been tested in several populations including geriatric
groups (21) as well as individuals with Parkinson’s disease (22), stroke (21), vestibular
disorders (23), and multiple sclerosis (24). In elderly, Dite et al. (2002) reported
excellent reliability (ICC = 0.99) and excellent concurrent validity of the FSST in
relation to the TUG and step tests (ICC = 0.88 and 0.83, respectively). The authors
also revealed a cutoff score of 15s with a sensitivity of 89% and specificity of 85% for
discriminating between multiple fallers (falls more than two times in the last six

months) and non-multiple fallers (one fall in the last six months) (7). However, the



authors did not report the cut-off score to discriminate between faller and non-faller
elderly (7). In addition, the authors determine the cut-off score using conventional
analysis which calculating a single sensitivity, a single specificity and a single
diagnostic criterion with two-by-two table (25). This method is less accurate than the
Receiver Operating Chatacteristic (ROC). The ROC calculates the area under the curve
(AUC) which summarized the total locations of the collective measuring of sensitivity
and specificity rather that dependent on a particular criterion point (25).

Postural control is the ability to maintain the position of the center of mass
(3) within the base of support (BOS), which involves the integration of sensory and
neuromuscular systems. Three sensory inputs—i.e., the visual, vestibular, and
sensory inputs—need to be integrated to produce sensory representation of the
body in the brain (26). Several previous studies have demonstrated the effects of
modification of sensory inputs—i.e., visual constraint (27-31), vestibular alteration (27,
31) and somatosensory modification (28-30, 32)—on balance ability in the elderly. In
2009, Ricci revealed that only somatosensory modification or both somatosensory
modification and visual constraint can improve the accuracy of fall history
identification(32). These results suggest that sensory system modifications hold
promise for increasing the challenge of the postural control test which, in turn, can
improve the accuracy of fall history identification. Also, balance testing on an
unstable supporting surface increases the accuracy of fall history identification(32).

Thus, modification of the FSST by administering the test on an unstable surface may



improve the accuracy of the test for identifying fall risk. This study was designed to
compare the accuracy of the four square step test on a foam surface (FSST +foam)
and the four square step test (FSST) for discriminating between faller elderly, non-
faller elderly, and adults.

1.2 Objectives of this study
1.2.1 Major Objective:

The major objective of the study was to compare between the FSST and the
FSST+foam in their ability for discriminating between faller elderly, non-faller elderly
and adults.

1.2.2. Minor Objective:

The minor objective of the study was to investigate the intra-rater and inter-
rater reliability and concurrent validity of the FSST and FSST+foam in faller elderly,
non-faller elderly and adults.

1.3 Scope of the study

Fifty-four elderly (aged older than 60 years; non-faller, n = 18, faller, n = 18)
and adults (aged 20-40 years old, n = 18 ) were recruited from the community. This
research evaluated the accuracy of FSST+foam compared with FSST in their ability
for discriminating between faller elderly, non-faller elderly, and adults using Receiver
Operating curve (ROC) analysis. The reliability (intra-rater and inter-rater) and

concurrent validity (with five-times sit to stand test and TUG) of FSST were also



evaluated in twelve participant (non-faller elderly, n = 4; faller elderly, n = 4; adults,
n=4).

1.4 Research question

Is FSST with foam superior to FSST in its accuracy to discrimination between
faller elderly, non-faller elderly and adults?

1.5 Hypothesis of the study

1. The faller elderly take more time to complete four square step test and four
square step test on foam surface than non-faller elderly and adults.

2. Four square step test on foam surface take more time to complete four
square step test in faller and non-faller elderly as well as in the adults.

3. Four square step test on foam surface is better than four square step test in
its ability to discrimination between faller and non-faller in elderly.

4. The reliability and concurrent validity of four square step test and four square
step test on foam surface are high.

1.6 Advantage of the study

This study provides the accuracy of the FSST+foam for discriminating
between faller and non-faller elderly and adults which can be used easily in clinical

or community setting.



CHAPTER 2
LITERATURE REVIEW

2.1. Elderly Population

The United Nations (UN) defines elderly as a population with chronological
age of 60 years old and over (1).Worldwide elderly population increase rapidly. It has
been estimated that elderly will be 22% of population in 2050. The proportion of
the world’s elderly population will almost duplicate from 12% to 22% between
2015 and 2050 (2). Increasing longevity life brings several opportunities to elderly e.g.
working longer, new career or new activities. However, these opportunities are
restricted from several factors but one important factor is health (2). Elderly have
decline in physical and mental health leading to a number of diseases which can
directly impact on their functional activities and quality of life (2, 3). These diseases
may lead to inactivity, serious injuries, hospitalization and death (4). One of the most
significant problems of elderly is postural instability which is a significant predictor of

falls. The estimated cost of fall were 34 billion dollar in each year (8).

2.2. Definition of fall

Fall is defined as a situation which led to rest unintentionally on the

supporting surface such as ground, floor or other lower level (6, 33, 34).



2.3. Epidemiology of fall

The previous study reported that 33% of elderly over 65 years fall each year
and increased to 50% at the age of 80 (3, 4). Fall in elderly caused to fall-related
injuries or fatal. The previous study was found that fall-related injuries in elderly
occurred by the slip from 17% (18) or trip from 40%-60% during stepping or walking
(18, 35) due to multidirectional stepping speed decreased with age (19). In addition,
faller population was slower than non-faller population (20). In 2012, the estimated
of fall-related injuries elderly was around 2.5 million in which 722,000 of them need
hospitalization. The death rate of falls estimated 23,000 in 2011. The male elderly
have a death rate more than female elderly (3). In Thailand, elderly have one or
more falls which could be divided into 21.5% of females and 14.4% of males (34,
36). Thailand’s urban area study found that the incidence of falls are could be
divided into 24.1% of females and 12.1% of males (34, 37) in elderly in the last 6

months.

2.4. Risk Factors of fall

The risk factors of fall in elderly classified to intrinsic factors (e.g., age, gender,
gait and balance, body orienting reflexes, muscle strength, muscle tone and
impairment of sensory system) and extrinsic factors (e.g. home environments and
footwear). The physiological changes associated with the increase of aging causes a

fall-related injuries (3, 4). The fall-related injury in elderly females were higher than



elderly males but death rates from falls of elderly males were more than elderly
females (3, 4). Elderly had stiffer and less coordination of gait pattern which might
leading to falls (3, 4). Falls occur from the reduction of body-orienting reflexes,
muscle strength, and muscle tone (4). The other risk factors that related to fall were
listed as follow: vertigo and dizziness, vision (e.g. impaired depth perception,
impaired visual acuity, visuomotor and balance deficits, visual field loss), cognition,
cardiovascular disease (e.g. orthostatic hypotension, hypertension, atrial fibrillation),
medications (e.g. psychotropic medications such as antidepressants, drugs for bipolar,
anxiolytics/hypnotics, drugs for dementia, antipsychotic, diabetes medications in
insulin-treated patients, nonsteroidal anti-inflammatory drugs (NSAID), cardiovascular
medications such as digoxin, type 1a anti-arrhythmic, diuretics and antiepilepitics) (4).
The extrinsic factors, such as home environments (e.g. poor lighting, loose carpeting,
uneven surfaces, slippery surfaces) and footwear (e.g. the high heel shoes), are also
related to a high risk of fall (3, 4). Thus, elderly should obtain the fall preventive
rehabilitation services which fall occur by several risk factors and one important
factor leading to fall in elderly is the postural control which will be mentioned in the

next topic.

2.5. Postural control

Postural control is the ability to maintain the position of center of mass (3)

within base of support (BOS) during static and dynamic situations (38). Postural


http://dict.longdo.com/search/hereinbefore

control occurs from the integration of several components including musculoskeletal
components, neuromuscular synergies, individual sensory systems, sensory strategies,
anticipatory mechanisms, adaptive mechanisms and internal representations (38). All
components coordinate to maintain position during static and dynamic situations.
The musculoskeletal components consist of muscle strength, the range of motion
and muscle length (38, 39). The neuromuscular synergies are control of muscle in
the whole body from the nervous system’s order to appropriate body’s position (39).
The individual sensory systems consist of the visual system, somatosensory system
and vestibular system (39). The sensory systems adjust body’s position relate to the
environment. From sensory reweighting theory offers that human select the
appropriate sensory input in other environments, age and physiological changes (40,
41). Anticipatory mechanisms are the ability to adjust the postural muscles prior to
self-inflicted postural perturbations. Thus, anticipatory mechanisms can decrease the
effects of the perturbation by feed-forward control and are assumed that
anticipatory mechanisms may generate from magnitude and direction of the
perturbation, voluntary movement related to perturbation and postural control(38).
Adaptive mechanisms are the ability for adjusting the postural control from the
unexpected perturbations such as tripping, crashing. These perturbations cause to
several strategies of postural and balance-related responses including ankle strategy,
hip strategy, and stepping strategy. The ankle strategy is used to maintain standing

balance on the firm surface when receives a small perturbation. The hip strategy is
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used to be inadequate ankle torque or move COM quickly. The stepping strategy is
external perturbations response while walking. These mechanisms are based on
sensory feedback including visual, somatosensory, vestibular and involve to feedback
control circuit (38-40, 42). Internal representations consist of 2 components including
body scheme (the perception of body position and orientation in space) (43) and
perception of verticality (i.e. visual verticality (44), haptic verticality (45), postural
verticality (45)).

2.6. Sensory system with postural control

The CNS received body’s position and movement information from peripheral
inputs (visual, somatosensory, vestibular system) which detected the environment.
Each system sensed the different information for controlling posture.

2.6.1.Visual system

The information provided from position and movement of body which
compared with the surround environment. Visual inputs received 2 information
including peripheral vision and foveal vision. The literature review found that
peripheral vision was important in controlling posture. But visual information might
inadequate to adjusting the posture in every situation such as you stay in dark room
or closed your eyes. Moreover, if your car parked on the road but the next car
moved, you must break your car. In truly, your car did not move because your brain
interpreted your car was moving. This was limitation of visual system which did not

separate egocentric motion and exocentric motion clearly (38).
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2.6.2. Somatosensory system

The information provided from position and movement of body from the
supporting surface which compared with the body information from yourself
including adjusted position and movement follow to horizontal surface. In addition, if
you stood on unstable surface, sensory information was useless (38).

2.6.3. Vestibular system

The information provided from position and movement of head which
compared with the gravity and inertial forces. Vestibular system helped to control
posture although closed eye and unstable surface. The role of otolith organ was the
perception of gravity including the role of semicircular canal was the perception of
head movement compare with gravity. But it did not discriminate only head
movement or both head and body movements. If vestibular systems cooperated
with  somatosensory system which discriminated head movement and body
movement clearly (38).

Thus, 3 sensory systems worked together in each situation and each sensory
system had the limits which depend on the work of other sensory systems together.

2.6.4. Sensory organization

The changing environment’s information was received through the sensory
system to processing at the nervous system for postural control. There were 2
theories involving the process which the nervous system evaluated sensory

information for postural orientation.
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2.6.4.1. Intermodal Theory of sensory organization

This theory believed that three sensory influenced equally to postural
orientation and nervous system did not focus on any special sensory systems (visual,
somatosensory, vestibular) (38).

2.6.4.2. Theory of sensory reweighting

The nervous system adjusted the postural control using sensory information
mainly from the high reliable sensory input which depended on body motion in the
other situation. This phenomenon known as sensory reweighting. The literature
review found the participants stood on firm surface. The nervous system weighted to
the sensory information as follows somatosensory (70%), vestibular (20%), and vision
(10%) respectively. Conversely, the participants stood on unstable surface. The
nervous system weighted to the sensory information as follows vestibular (60%),
vision (30%), and somatosensory (10%) respectively (38).

Alhanti et al. (1997) investigated balance abilities of elderly under altered
visual and support surface conditions. Sixty-nine elderly were able to assistive device
(22 canes, 4 walkers) but standing balance for less than 30 seconds by themselves
were tested CTSIB. The result found that eyes closed, standing on compliant surface
(28) and wearing visual dome, standing on compliant surface (DC) conditions were
significantly with eyes open, standing on hard surface (46) condition. It indicated the
elderly decreased the complete task because there were several conditions at the

same time. Besides, the sensory alteration (somatosensory and visual) was the
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environmental simulation. Elderly might use more experience and visual information
to postural control (28).

Anacker SL, Fabio RPD (1992) studied the influence of somatosensory input
on standing balance in faller and non-faller elderly using the sensory organization
test. The results found that faller elderly had less stance time than non-faller
elderly. Moreover, the stance time of faller elderly was reduced while they were
standing on a foam surface as compared to a firm surface. Because faller elderly had
the reduction of lower-limb strength, increase in activation threshold of cutaneous
and joint proprioception and adjusted strategy when stabilized ankle torque and
increased hip and trunk movement for maintaining postural control (29).

Pasma et al (2015) studied the change in sensory reweighting of
proprioception during standing. Rotation of the support surface was found to disrupt
the proprioceptive information from the ankle. The elderly simultaneously
experienced a decrease in proprioceptive reweighting and an increase in the
amplitude of disturbances. Moreover, they found that healthy elderly had a higher
overall neural time delay than healthy young adults, including slower nerve
conduction speed in afferent or efferent pathways, slower muscle activation, slower
central processing time, decreased number of neurons, and loss of myelination. They
found that balance-impaired elderly had higher ankle torque, leg angle, hip sway,

and body sway as compared to healthy elderly (47).
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Doumas and Krampe (2010) studied age-related changes in adaptation and
sensory reintegration in postural control. They tested the center of pressure (COP)
sway in both young and older adults while they were standing on a stable platform
(stable phase), swaying and reverse swaying platform (adaptation phase), and re-
stabilized platform (restoration phase). They found that perturbation of
proprioception induced COP sways in an anteroposterior direction at a similar level in
both age groups. During the adaptation phase, COP sways were reduced to a
comparable level in both age groups. Interestingly, older adults had higher amounts
of COP sway as well as sway time during the restoration phase. These findings
suggest an age-related difference in postural control restoration after sudden changes
in proprioception input. Moreover, vestibular system was the main information when
proprioceptive information was inaccurate because vestibular information was slower
than proprioceptive in controlling balance. Furthermore, the elderly’s experience
involved the inaccurate proprioceptive situation because the cognitive related to
sensory integration for posture-cognition dual-task performance (48).

2.7. Postural control in Elderly

The increase of aging effected to the several physiological change including
sensory system (visual, vestibular, somatosensory), musculoskeletal system and
central nervous system. These systems affect the postural control in elderly.

- Sensory systems consist of the vestibular system, visual system and

somatosensory system (39, 42). In elderly, the function of vestibular system reduced
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as follows: hair cell (in semicircular canals, saccule and utricle), primary and
secondary vestibular neuron and central vestibular structure and the modifications of
vestibular ocular reflex (VOR) and vestibular spinal reflex (VSR). Besides the function
of visual system reduced as follows: reduction of sensitivity to contrasts, visual
acuity, and depth perception and including the somatosensory system reduced as
follows: the perception in position and direction of joint movement. The sensory
information involves position and movement of body which was important for
postural control (32). Accordingly, the declination of sensory functions in elderly
affects the body position and movement in space information.

- Musculoskeletal system involved to decrease the muscle strength, joint
flexibility, range of motion and the number and size of muscle fibers (39, 42).

- Central nervous system has the addition of reaction time and the reduction
of muscle contraction speed (39, 42).

As mentioned above, three sensory inputs, i.e. visual, vestibular and sensory
inputs, need to be integrated to produce sensory representation of the body in the
brain (26). The changes in the structure and function of the sensory system might
affect to the postural control. There are several previous studies describing the effect
modification of sensory inputs, i.e. visual constraint (27-31), vestibular alteration (27,
31) and somatosensory modification (28-30, 32), on balance ability. These results
suggesting that sensory system modification are promising for discriminating

accurately faller elderly, non-faller elderly and adults. However, the visual constraint
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test is inappropriate in stepping or walking test due to it may be dangerous for
participants. In addition, vestibular disturbance test should not be tested in dizziness,
vertigo or vestibular disorder. This test may aggravate the symptom of patients.
Previous study also reported that standing on unstable surface was better than firm
surface to identify history of falls in elderly (32).

2.8. Assessment tools for fall

The balance assessment tools could be divided into 2 categories including
laboratory tests (e.g. motion analysis system, force plate, posturography,
accelerometry) and clinical tests (e.g. Timed up and go test, Five times sit to stand
test, Berg balance scale, Thai fall risk assessment tool, Falls Risk for Older People in
the Community (FROP-Com) screening tool). This study will be focused on clinical
test.

2.8.1. Timed up and go test (TUG)

Timed Up and Go (TUG) test was developed by Padsiadlo and Richardson
(1991) from Get up and go test (49). This test assesses the balance ability in elderly.
In the clinic, this assessment tool was used to measure activity level of ICF model.

To perform TUG test, the participants are asked to sit on the chair with
backrest and armrest. When the clinician says “start”, the participants stand up with
or without helping hand from the chair, walk to 3 meters at normal speed, turn
around the cone and came back to the chair. The clinician records the total time

since start to come back to the chair again.
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Previous studies demonstrated that TUG test is useless for discriminating
between fallers and non-fallers (9, 50, 51). On the other hand, there was a study
revealed that TUG test related to a history of falls in male but not in a female (10).
Padsiadlo and Richardson (1991) studied the test-retest (n=22), inter-rater and intra-
rater reliability (n=24), concurrent validity (n=60) of TUG test in elderly. The test-
retest reliability was excellent (r =0.99). There were excellent inter-rater, intra-rater
reliability (r=0.99), and concurrent validity with Berg balance scale, Gait speed,
Barthel index (r =0.81, 0.61,0.78 respectively) (49). Wrisley and Kumar (2010) reported
the excellent concurrent validity of Timed up and go test with Functional Gait
Assessment (r= 0.84) (52). Shumway-Cook et al (2000) revealed that the cut-off
scores equaled to 13.5 seconds could be used to predicting the risk of fall in
community-dwelling adults (38). This test was previously tested in several population
including Alzheimer's disease (53), arthritis (54), elderly (9, 50, 51), lower extremity
amputations (55), multiple sclerosis (56), Parkinson’s disease (57), spinal cord injury
(58), stroke (59), vestibular disorders (60).

2.8.2. Five times sit to stand test (FTSTS)

Five times sit to stand test (FTSTS) is a quick and easy test which was
developed to evaluate the function and muscle strength of lower limbs (17). In the
clinic, FTSTS was used to measure activity level of ICF model. To perform this test,
he participants are asked to stand up and sit down as quick as possible for 5 times.

The total times are recorded.
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Poncumhak et al. (2014) studied the ability of the FTSTS to identify the risk of
fall in elderly. The participants (n=28) classify to 14 fallers and 14 non-fallers by
interviewing about the number of fall in last 6 months. The result revealed that
FTSTS had ability to predict risk of fall in elderly. An area under the curve (AUC) was
0.91. The cutoff score of five times sit-to-stand test (FTSST) was 11 seconds and both
sensitivity and specificity were 0.85 (17).

The test-retest reliability was 0.82 (61), 0.89 (62), and 0.957 (63), respectively.
The cut-off score was 12 (62, 64) and 15 (65) seconds to identify the risk of fall in
community-dwelling elderly. Five times sit to stand test (FTSTS) test was previously
used in several population including cerebral palsy (66), chronic obstructive
pulmonary disease (COPD) (67), elderly (17), knee osteoarthritis (68), multiple
sclerosis (69, 70), Parkinson’s disease (71), stroke (64), and vestibular disorder(72).

2.8.3. Four square step test (FSST)

A FSST was created by Wayne Dite (2002) to evaluate the balance ability of
elderly(7). FSST could be used to assess the motor planning (sequences and recall)
during rapid stepping and obstacle avoidance. This test demands rapid changing step
in multidirectional and step across low obstacle. Thus, this test could be categorized
as dynamic balance test (7). The major advantage of FSST is based on the fact that
this test is a quick and easy test which could be used to assess activity level of ICF
domain. It was categorized into observational type and used less than 5 minutes to

administration. In addition, only stopwatch and four canes are required.
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To perform this test, the participants are asked to stand in square number 1
facing square number 2. The participants are stepped as fast as possible into each
square with the following sequence: square number 2, 3, 4, 1, 4, 3, 2, and 1,
respectively (figure 2.1). This sequence relates to step forward, backward, and
sideway to the right and left. The score is calculated from the total time in taking
complete sequence. The stopwatch starts to count time when the first footsteps the
floor in square 2 and finishes to count time when the last footsteps back to touch
the floor in square 1. The following commands will be used: “Try to complete the
sequence as fast as possible without contacting the canes” and “Both feet must

touch with the floor in each square” (7, 21).

2 J 1 START

FINISH

Figure 2.1 The four square step test procedure. The participants stand in square 1
facing square number 2. The stepping was as fast as possible into each square. Then

participants cross square 2, 3,4, 1,4, 3, 2, and 1, respectively.
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The excellent reliability (ICC = 0.99) and excellent concurrent validity of FSST
with timed up and go (ICC = 0.88) and step test (ICC = 0.83) has been reported (7).
This test was previously tested in several population including geriatric (7), Parkinson
disease (73), stroke (74), vestibular disorders (23), transtibial ambutation (75), multiple
sclerosis (24), Down syndrome (76). Previous study by Dite et al. 2002 revealed that
the cut-off score equal 15s with sensitivity of 89% and specificity of 85% could be
used to discriminate between multiple fallers (falls more than 2 times in last 6
month) and non-multiple fallers (falls 1 time in last 6 month). However, the authors
did not report the cut-off score to discriminate between faller and non-faller elderly
(7). In addition, the authors determine the cut-off score using conventional analysis
which calculating a single sensitivity, a single specificity and a single diagnostic
criterion with two-by-two table (25). This method is less accurate than the Receiver
Operating Chatacteristic (ROC). The ROC calculates the area under the curve (AUC)
which summarized the total locations of the collective measuring of sensitivity and
specificity rather that dependent on a particular criterion point (25). Therefore in this
study, we hypothesize that FSST + foam was better than FSST in its ability for

discriminating between faller elderly, non-faller elderly and adults.
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CHAPTER 3
MATERIALS AND METHOD

3.1 Research Design

The study design was a retrospective cohort study to compare the accuracy
of the four square step test on foam surface (FSST + foam) and the four square step
test (FSST) in their ability for discriminating between faller elderly, non-faller elderly

and adults.

3.2 Sample size

The sample size of this study was calculated using G*power version 3.1.9.2
(Universitat Dusseldorf, available from http://www.psycho.uni-
duesseldorf.de/abteilungen/aap/gpower3/) [Effect size d = 0.908, A = 0.05, power =
0.95]. Eighteen participants were required for each group. Thus, a total sample size

was equal 54 participants.

3.3 Participants

Fifty-four elderly (aged older than 60 years; non-faller, n = 18, faller, n = 18)
and adults (aged 20-40 years old, n = 18) were recruited from the Bangyai district,

Nontaburi provience, Thailand.
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Inclusion criteria

Aged between 60 and 80 years for elderly or between 20 and 40 years for
adults

- Able to communicate and follow commands

- Able to walk with or without a cane for at least 6 meters

- Able to perform activity of daily living (ADL) independently

- No cognitive impairment (Mini-Mental State Examination-Thai version

(MMSE-Thai) score (75)

®  Uneducated <14/23
®  Elementary School <17/30
®  Higher Elementary School <22/30

Exclusion criteria
- Has vestibular disorders
- Has taken medicines that could affect balance in the past 24 hours
- Has visual impairment, blurred vision, diplopia
- Has musculoskeletal problems that could influence walking ability

- Has neurological diseases such as stroke or Parkinson’s disease

3.4 Instrumentations

3.4.1 Mini-Mental state Examination (Thai version)

3.4.2 Memory foam 180x180 cm
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The foam used in this study was 7.5 cm high x 180 cm long x 180 cm wide.
The physical properties of the foam were measured by the Scientific and
Technological Research Equipment Centre, Chulalongkorn University, using an ASTM
D 695 Compression of Rigid Plastics machine in Table 3.1. The elastic modulus of the
foam, yield strength, and compressive strength were 0.023, 0.003, and 0.003 N/mmz,
respectively.

Table 3.1: Physical properties of the foam

Memory Foam

Elastic Modulus (N/mm>) 0.0233
Yield Strength (N/mm°) 0.0028
Compressive Strength (N/mm’) 0.0028
Diameter (mm) 68.92

3.4.3 90 centimeters-long cane
3.4.4 cone
3.4.5 standard chair 46 cm

3.4.6 stopwatch
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3.5 Procedure testing
3.5.1 Study [: Reliability and validity study

All participants gave informed consent (appendix H and appendix 1) after
explanation of the purpose and testing procedure of this study (appendix F). The
protocol was approved by the institutional ethics review committee for research
involving human subjects (No. 234/2016) (appendix A), Health Science Group,
Chulalongkorn University. Twelve participants (8 elderly aged older than 60 years;
non-faller, n = 4, faller, n = 4) and four adults (aged 20-40 years old) were recruited
from the Bangyai district, Nonthaburi province, Thailand.

A faller was defined as a person who had ended up resting unintentionally on
a supporting surface such as the ground or floor in the last 12 months (10, 12). Al
participants were assessed by the FSST, FSST+foam, TUG, and FTSST. The sequence

of balance tests was randomly by drawing lots.
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Figure 3.1 : A) The four square step test (FSST) and B) the four step test with foam

surface (FSST+foam). For FSST+foam, the participants performed the test as same as
FSST but on the foam surface. The size of the foam used in this study was 7.5 cm
high x 180 cm long x 180 cm wide.

Two raters (PM, SL) were the physical therapists. All raters were concealed to
participant characteristics. All raters precisely practiced on accomplishing of all
balance tests. Before performing the test, the participants were allowed to practice
until they are familiar with all tests. Each test was repeated three times. The best
performance was used for analysis. The rater stood in a position to see all steps
taken by the participants, and an assistant looked after the participants with close
supervision. The participants were allowed to rest at least 2 minutes or rest as much
as needed during each test to avoid fatigue (figure 3.2).

For inter-rater reliability, the participants were tested with FSST and
FSST+foam by two raters at the same time. For intra-rater reliability, the participants

were tested twice by rater 1 (PM), with a 1-week interval. Finally, researcher reported
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the standard error of measurement (SEM), minimum Detectable Change (MDCgys) of
Four square step test with foam. For concurrent validity, the Spearman Rank
Correlation was used to examine the correlation between FSST+foam with FSST,
FTSST, and TUG. An intraclass correlation coefficient (ICC5;) were used to assess the

reliability of FSST+foam.

3.5.2 Study Il: Comparison accuracy of FSST and FSST+ foam surface in their ability to
identify fall history

Fifty-four participants were recruited into 3 groups: 1) faller elderly (have one
or more falls in past 12 month; n = 18 each), 2) non-faller elderly (have not fall in
the last 12 months; n = 18 each), and 3) adults (aged between 20-40 years; n = 18
each) from the community in Thailand. AWl participants gave informed consent
(appendix J and appendix K) after explanation of the purpose and testing procedure
of this study (appendix G ). The protocol was approved by the institutional ethics
review committee for research involving human subjects (No. 234/2016) (appendix A),
Health Science Group, Chulalongkorn University. The participants were asked about
their history of falling in the last 12 months. The researcher explained and
demonstrated to the participants clearly about Four square step test and Four
square step test with foam. All participants were assessed with both the FSST and
FSST+foam by a rater who could not see participant characteristics and was

practiced in the administration of both tests.
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The sequence of tests was randomized by drawing lots. Before performing
the test, the participants were allowed to practice until they were familiar with all
tests. Each test was repeated three times. The best performance was used for
analysis. The rater stood in a position to see all steps taken by the participants, and
an assistant looked after the participants with close supervision. The participants
were allowed to rest at least 2 minutes or rest as much as needed during each test
to avoid fatigue (figure 3.3).

3.6 Objective examination

The participants were interviewed about age, gender, weight, height, BMI,
medications, underlying disease and the history of fall in last 12 months (appendix
B) and assessed cognitive status using Mini — Mental State Examination Thai version
(MMSE - Thai 2002) (appendix C). The higher score represented the higher cognitive
status to identify the dementia of participants (75). The cut-off score classified to

education level of participants thus

Uneducated <14/23
Elementary School <17/30
Higher Elementary School <22/30

3.6.1 Four square step test (FSST)

The squares were made using four canes resting flat on the floor to form a
plus sign (Figure 2.1). First, the participant stood in square number 1 facing square

number 2. Then, the participant was asked to step as quickly as they could into
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square number 2, 3, 4, and 1, and back to square number 4, 3, 2, and 1 (Figure 2.1).
This course requires the participant to step over obstacles in forward, backward, and
both sideways directions. The total time taken to complete this test was recorded.
The stopwatch started when the first foot contacted the floor in square number 2
and finished when the last foot touched the floor in square number 1 (7) (Figure
3.1A). The participants followed the command “Try to complete the sequence as
quickly as possible without contacting the cane. Both feet must touch the floor in
each square.” The rater stood in a position where all steps taken by the participants
were visible, and a research assistant closely supervised the participants (27,28).

3.6.2 Four square step test on foam surface (FSST + Foam)

The participants performed the test the same as they had for the FSST but on a
foam surface (Figure 3.1B).

3.6.3 Timed get up and go test (TUG)

The participants were asked to sit on the chair with backrest. When the
researcher said “start”, the participants stood up without helping hand from chair,
walk for 3 meters, turn around the locating cone and walk back to the chair for 3
meters and then sit back to the chair as fast as possible. The participants stood
without footwear and gait aid. The time of the test since the start to come back onto

the seat again was recorded.
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3.6.4 Five times sit to stand test (FTSST)

The participants were asked to sit on the chair with backrest. When the
researcher said “start”, stood up and sat down for 5 times as fast as possible. The
Participants stood without footwear and gait aid. The time of the test since the start

to came back onto the seat again was recorded.
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3.7 Statistical Analysis

GraphPad Prism version 6.0 was used to analyze the descriptive statistics and
participant characteristics of each group. The normality of the data was tested using
the Shapiro-Wilk test. The results indicated a non-normal distribution. Thus, the
Kruskal-Wallis test was used to compare the 2 surfaces (FSST+foam and FSST) in 3
groups (faller, non-faller, and adults). A p-value less than 0.05 is considered
statistically significant. The receiver operating characteristic (ROC) curve was
calculated using sensitivity (y-axis) and 1-specificity (x-axis) (77). The area under the
curve (AUC) was used to compare the accuracy of FSST and FSST+foam for
discriminating between faller elderly, non-faller elderly, and adults. The AUC values
indicated the following: high accuracy when AUC > 0.9, moderate accuracy when
AUC = 0.7-0.9, low accuracy when AUC = 0.5-0.69, value due to chance when AUC <
0.5 (78). The cutoff score was determined using the data from the ROC curve
analysis, which selected the lowest of (1—speciﬂcity)2 + (1—sensitivity)2 (77). The
sensitivity was the proportion of fallers who had a history of falling (79). The
specificity was the proportion of non-fallers who had no history of falling (79). The
positive likelihood ratio (LR +) and negative likelihood ratio (LR -) were also
calculated to represent the probability of correctly discriminating between fallers
and non-fallers in the elderly. The formulas for the positive likelihood ratio (LR +)

and negative likelihood ratio (LR-) were as follows (80): positive likelihood ratio (LR+)



= sensitivity/(1-specificity);  and

sensitivity)/specificity.
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negative likelihood ratio (LR-) = (1-

The interpretation of LR+ and LR- are as followed (78, 81):

LR+ > 10 and LR- < 0.1:

LR+ 5-10 and LR- 0.1-0.2:

LR+ 2-5 and LR- 0.2-0.5:

LR+ 1-2 and LR- 0.5-1:

a high probability of correctly discriminating
between fallers in the elderly

a moderate  probability of correctly
discriminating between fallers in the elderly

a low probability of correctly discriminating
between fallers in the elderly

the probabilities of correctly and incorrectly
discriminating between fallers and non-fallers

in elderly are the same.

The SPSS version 22.0 was used to analyze a reliability and validity of FSST

and FSST with foam.

For concurrent validity, the participants were tested with four tests (TUG,

FTSST, FSST, and FSST+foam). The Spearman Rank Correlation was used to examine

the correlation between FSST+foam with FSST, FTSST, and TUG. The statistically

significant difference was set at p-value < 0.05. The concurrent validity value

indicated the following: high concurrent validity when r > 0.6, moderate concurrent

validity when r = 0.31 - 0.59, and low concurrent validity when r < 0.3 (82).
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An intraclass correlation coefficient (ICC5;) were used to assess the reliability
of FSST+foam. The reliability value indicated the following; high reliability when ICC
> 0.75, moderate reliability when ICC = 0.4 - 0.74, and low reliability when ICC < 0.4
(82). The standard error of measurement (SEM) was calculated using the following
formula;

SEM=3SDx+/ (1 = ICC) (1)
SEM = standard error of measurement

SD = standard diviation

ICC = intraclass correlation coefficient

Minimum Detectable Change (MDCys) was calculated using the following formula;
MDCys = 1.96 x SEM x V2 )

MDCgs = Minimum Detectable Change

SEM = standard error of measurement



CHAPTER 4
RESULTS

4.1 Reliability and validity study

Twelve participants were recruited. The demographic data of the participants
are shown in Table 4.1. The mean ages of adults, non-faller elderly, and faller
elderly were 31.75+4.86, 67.25+5.26 and 73+5.79 years respectively. The number of
falls in the last year and orthosis/assistive devices used by the participants are
presented in Table 4.1. In the faller group, two participants had had 1-2 falls, one

participant had had 3-4 falls, and one had had 5-6 falls. Moreover, one faller used a

single cane and one faller used a tripod cane in daily life.

Table 4.1 Demographic data of the participants

Adult Non-faller Faller
(n=4) (n=4) (n=4)
Age (years) 31.75+4.86 67.25+5.26 73+5.79
(27 - 38) (62 -73) (64 - 80)
Weight (kg) 67.25+7.60 62.25+10.62 55.75+14.72
(60 - 80) (49 - 75) (43 - 80)
Height (cm) 168.25+11.99 168.25+9.31 157.75+3.96
(155 - 183) (155 - 180) (153 - 163)
Fall past one - - Falls 1-2:
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Adult Non-faller Faller
(n=4) (n=4) (n=4)
year people
Falls  3-4: 1
people
Falls 5-6: 1
people
Orthosis/Assistive - < Single cane: 1
device people
Tripod cane: 1
people
Table 4.2 Assessment score of the participants (n = 12)
Test Mean Standard Range
Deviation
(SD)
FSST + foam 16.40 16.35 (6.90 - 62.20)
(sec)
FSST (sec) 11.91 9.07 (5.73 - 35.34)
TUG (sec) 11.90 9.35 (6.13 - 37.64)



38

Test Mean Standard Range
Deviation
(SD)

FTSST (sec) 13.23 7.85 (7.23 - 34.10)

The intra-rater and inter-rater reliability of FSST+foam are shown in Table 4.3.
The intra-rater reliability and inter-rater reliability were high (0.99 and 1.00
respectively). The SEM and MDCgs of FSST+foam were 1.55 and 4.28 seconds
respectively.

Table 4.4 shows the high concurrent validity. The result found that
FSST+foam correlated with FSST (r=0.95, p < 0.01), TUG (r=0.91, p = 0.04) and FTSST
(r=0.60, p < 0.01).

Table 4.3 Reliability of FSST + foam

Reliability ICC5, (95% CI) Standard Error of Minimum
Measurement Detectable
(SEM) Change
(MDCys)
Intra-rater 0.99 1.55 sec 4.28 sec

Inter-rater 1.00
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Table 4.4 Concurrent validity of FSST + foam

Concurrent FSST + foam
validity Correlation p - value
coefficient

Spearman, rho

FSST 0.95 p < 0.01
TUG 0.91 p = 0.04
FTSST 0.60 p < 0.01

4.2 Comparisons accuracy of FSST and FSST+ foam surface in their ability to

identify fall history

Fifty-four participants were recruited. The demographic data of the
participants are shown in Table 4.5. The mean ages of adults, non-faller elderly, and
faller elderly were 27.39+3.07, 68.50+5.53 and 70+6.74 vyears, respectively. The
number of falls in the last year and orthosis/assistive devices used by the
participants are presented in Table 4.5. In the faller group, 13 participants had had 1-
2 falls, three participants had had 3-4 falls, and two had had 5-6 falls. Moreover,

three fallers used a single cane and two fallers used a tripod cane in daily life.



Table 4.5 Demographic data of the participants

Adult Non-faller Faller
(n =18) (n =18) (n =18)
Age (years) 27.39+3.07 68.50+5.53 70.67+6.74
(20 - 33) (60 -77) (62 - 80)
Weight (kg) 56.11+£10.26 63.50+£12.76 66.06+17.38
(44 - 80) (42 - 88) (43 - 116)
Height (cm) 164.06+8.80 163.11+9.12 161.61+8.98
(155-188) (149-180) (150 - 178)
Fall past - - Falls 1-2:
year people
Falls  3-4:
people
Falls  5-6:
people
Orthosis/Assistive - - Single cane:
device people

Tripod cane:

people

40
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Table 4.6 shows the median and interquartile range (IQR) of FSST+foam and
FSST in each group (adults, non-fallers, fallers). The Kruskal-Wallis test showed
significant differences between all three groups (adults, non-faller elderly and faller
elderly) for all tests (FSST and FSST+foam) (Figure 4.1).

Table 4.6 Assessment score of three groups (adults, non-fallers, faller)

Test Adult Non-faller Faller
(n =18) (n =18) (n =18)
FSST + 7.37 11.03 12.25
foam (IOR = 7.10 - 8.03) (IOR = 9.08-12.36)  (IQR = 11.30-26.08)
FSST 6.44 9.80 10.63

(IQR = 6 - 7.28) (IQR = 7.82 - 10.41) (IQR = 9.16 - 19.37)
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Figure 4.1: Comparisons of FSST and FSST+foam in adults, non-faller elderly and
faller elderly
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The FSST+foam had higher accuracy than the FSST for identifying fall history
in the elderly. The results of this study revealed that the AUCs of FSST+foam and
FSST were moderately accurate for discriminating fallers from non-fallers. The cutoff
score of FSST+foam between faller and non-faller elderly was 11.21 sec with AUC =
0.77, sensitivity = 0.89, and specificity = 0.61 (Table 4.7 and Figure 4.2). The sensitivity
of FSST+foam was higher than that of the FSST. The specificity of the FSST+foam
was near that of the FSST. Moreover, the LR+ and LR- indicated that the FSST+foam
was more appropriate for discriminating fallers from non-fallers than the FSST.
Although the FSST+foam and FSST had similar moderate AUC, the FSST+foam was

more accurate than the FSST.

Table 4.7 Cutoff score, Sensitivity, Specificity, AUC, LR+ and LR- of non-faller and
faller elderly

Cutoff Sensitivity Specificity AUC LR+ LR-
score
FSST+foam 11.21 0.889 0.611 0.765 2.29 0.18

FSST 10.14 0.667 0.667 0.725 2.00 0.50
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Figure 4.2: Receiver operating characteristic curve (ROC curve) of FSST and

FSST+foam (non-faller and faller elderly)

Using the cutoff score of 10.14 sec for FSST, fallers and non-fallers were
classified as show in the table 4.8. Using the cutoff score of 11.21 sec for FSST+foam,

fallers and non-fallers were classified as show in the table 4.9.

Table 4.8 Classifications of fallers and non-fallers by FSST using the cutoff score of
10.14 sec.
FSST Fallers Non-fallers

Positive 12 6

Negative 6 12
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Table 4.9 Classifications of fallers and non-fallers by FSST+foam using the cutoff

score of 11.21 sec.

FSST+foam Fallers Non-fallers
Positive 16 7
Negative 2 11

Furthermore, the AUCs of the FSST+foam and FSST were highly accurate for
discriminating adults from non-fallers. The cutoff score of the FSST+foam between
adults and non-faller elderly was 8.16 sec with AUC = 0.99, sensitivity = 1.00, and
specificity = 0.94 (Table 4.8 and Figure 4.3). The sensitivity and specificity were near
those of the FSST+foam and FSST. Moreover, the LR+ and LR- indicated that the
FSST+foam was more appropriate for discriminating adults from non-fallers

compared with the FSST.

Table 4.10 Cutoff score, Sensitivity, Specificity, AUC, LR+ and LR- of adults and non-

faller elderly

Cutoff Sensitivity Specificity AUC LR+ LR-
score
FSST+foam 8.16 1.00 0.94 0.99 16.67 0.00

FSST 7.42 0.89 0.89 0.95 8.10 0.12
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Figure 4.3: Receiver operating characteristic curve (ROC curve) of FSST and

FSST+foam (adults and non-faller elderly)

Using the cutoff score of 7.42 sec for FSST, non-fallers and adults were
classified as show in the table 4.11. Using the cutoff score of 8.16 sec for FSST+foam,

non-fallers and adults were classified as show in the table 4.12.

Table 4.11 Classifications of non-fallers and adults by FSST using the cutoff score of

7.42 sec.

FSST Non-fallers Adults

Positive 16 2

Negative 2 16
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Table 4.12 Classifications of non-fallers and adults by FSST+foam using the cutoff

score of 8.16 sec.

FSST+foam

Positive

Negative

Non-fallers Adults
18 1
0 17




CHAPTER 5
DISCUSSION

5.1 Reliability and validity study

The present study was designed to determine the intra-rater reliability,

inter-rater reliability, and concurrent validity of the FSST+foam, a new modification
test to assess balance. This test is a quick and easy test which could be used to
determine dynamic balance while stepping over obstacles and ability to change
direction. The results of this study indicate that the FSST+foam has high intra-rater
reliability, inter-rater reliability, as well as high concurrent validity with FSST, TUG,
and FTSST.
This study produced results which corroborate the results of a great deal of the
previous work of the FSST. The FSST has been reported a high test-retest, intra-rater
and inter-rater reliabilities in several populations, e.g., elderly, individual with stroke,
and individual with the vestibular disorder (7, 21, 23, 24, 76). One unanticipated
finding was that the inter-rater reliability was higher than intra-rater reliability. The
reason for this is not clear but it might be related to inter-rater reliability was tested
at the same time but intra-rater reliability was tested twice with a 1-week interval.
The participants’ performance maybe changes during this time interval.

Dite et al. (2002) also reported high correlation of FSST with step test, and
TUG test and moderate association with functional reach test in community-dwelling

older adults (7). Goh et al. (2013) demonstrated the moderate correlation of FSST
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with TUG and limit of stability test (LOS), the laboratory balance performance test, in
the forward direction and directional control in the backward direction. They also
reported a poor correlation of FSST with Berg balance scale (BBS) in community-
dwelling persons with and without chronic stroke (21). Conversely, a high correlation
of FSST with BBS, Dynamic Gait Index (DGlI), and Activities-Specific Balance Confidence
(ABC) Scale, and a moderate correlation with Expanded Disability Status Scale (EDSS)
were reported in persons with multiple sclerosis (9). Whitney et al. (2007)
investigated the validity of FSST in individual vestibular disorder. The results revealed
a good correlation of FSST with TUG, gait speed, DGl but poor correlation of FSST
with ABC scale (23). Verma et al. (2014) reported a moderate correlation of FSST and
Functional reach test (FRT) in children with Down syndrome (DS) (76). The results of
this study show a high correlation of FSST+foam with FSST, TUG, and FTSST. On the
other word, these tests could be used interchangeable. It seems possible that these
results are due to these tests is related to control the center of mass of motor tasks,
cognitive ability (multiple tasks and remembering of the sequences of movement),

and executive function in postural responses (21, 76).

5.2 Comparisons accuracy of FSST and FSST+ foam surface in their ability to

identify fall history

This study was the first to explore the ability of the FSST+foam to identify elderly

with a fall history in comparison to the FSST. The FSST+foam was more accurate
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than the FSST to discriminating between fallers, non-fallers and adults. No previous
study has tested the FSST+foam. Thus it is hard to provide additional explanation on
the findings of this study. Three types of sensory inputs are used for postural control,
i.e., visual, vestibular, and somatosensory inputs. The FSST+foam challenged postural
control because it disturbed somatosensory input while the participant was stepping
on the foam surface. A previous study by Anacker and Fabio (1992) studied the
influence of somatosensory input on standing balance in faller and non-faller elderly
using the sensory organization test. The results found that faller elderly had less
stance time than non-faller elderly. Additionally, the stance time of faller elderly was
reduced while they were standing on a foam surface as compared to a firm surface
(29).

During the FSST+foam test, the nervous system adjusts postural control using
sensory information mainly from the visual and vestibular systems. This
phenomenon is known as sensory reweighting which is an adaptation to deterioration
in the sensory system (41). Pasma et al. (2015) studied the changes in sensory
reweighting of proprioception during standing. Rotation of the support surface was
found to disrupt the proprioceptive information from the ankle. The elderly
simultaneously experienced a decrease in proprioceptive reweighting and an increase
in the amplitude of disturbances (47). Doumas and Krampe (2010) studied age-
related changes in adaptation and sensory reintegration in postural control. They

tested the center of pressure (COP) sway in both young and older adults while they
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were standing on a stable platform (stable phase), swaying and reverse swaying
platform (adaptation phase), and re-stabilized platform (restoration phase). They
found that perturbation of proprioception induced COP sways in an anteroposterior
direction at a similar level in both age groups. During the adaptation phase, COP
sways were reduced to a comparable level in both age groups. Interestingly, older
adults had higher amounts of COP sway as well as sway time during the restoration
phase. These findings suggest an age-related difference in postural control restoration
after sudden changes in proprioception input (48). Thus, it is possible that
somatosensory alteration in the FSST+foam test increased the accuracy of identifying
fallers.

This study found that non-faller elderly are than adults on both the FSST
and the FSST+foam tests. In addition, faller elderly spent longer than non-faller
elderly on both the FSST and the FSST+foam tests. These results are in agreement
with those of other studies suggesting that age and fall status are associated with
stepping response. Patla et al. (1993) demonstrated that elderly had a longer
reaction time and weight transfer time than young adults during the initial stepping in
forward, backward, and sideways directions (19). Similarly, Medell et al. (2000)
compared the maximal step length and time to complete a rapid step test among
balance-impaired elderly (with more than one fall in the past year), balance-
unimpaired elderly (with less than one fall in the past year), and young adults. They

found that balance-impaired elderly had a lower maximal step length and slower
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rapid step time than the other group (20). Pasma et al. (2015) found that healthy
elderly had a higher overall neural time delay than healthy young adults, including
slower nerve conduction speed in afferent or efferent pathways, slower muscle
activation, slower central processing time, decreased number of neurons, and loss of
myelination. They found that balance-impaired elderly had higher ankle torque, leg
angle, hip sway, and body sway as compared to healthy elderly (47). Studenski et al.
(1991) found that faller elderly had decreased ankle strength (dorsiflexor and
plantarflexor) compared to non-fallers (83). These findings suggest that faller elderly
have a reduction of lower-limb strength and use an adjustment strategy of stabilizing
ankle torque and increasing hip and trunk movement to maintain postural control.
Thus, it seems possible that these results are due to the slowness of transport,
processing, and reaction time of the nervous system as well as weakness of the
muscular system in the elderly.

This study used foam with a specific elastic property, an elastic modulus of
0.0233 N/mm”. It has been reported that the elastic property of foam affects the
results of balance tests (84). Thus in clinical application, it is necessary to consider
the selection of foam types for use in the FSST+foam as a balance accuracy
assessment. This study was a retrospective cohort study. Considerably more work
using prospective cohort studies will need to be done to determine whether the
FSST+foam could predict future risk of falls. Also, this study only investigated the

time to perform the tests. It would be interesting to measure the muscle strength,
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joint kinematics, and muscle activities of the participant for a better understanding of
underlying mechanisms.

The current investigation was limited by the fact that the statistical analysis
showed non-normal distributions of the time to perform FSST and FSST+foam in
fallers. These results came from a number of multiple fallers (fall more than 3 times)
were included. These participants used gait aids during normal activity in daily living.

Further studies, which take this variable into account, will need to be undertaken.



CHAPTER 6
CONCLUSION

The following conclusions can be drawn from the present study 1)
FSST+foam has high intra-rater and inter-rater reliability, 2) FSST+foam has a high
correlation with FSST, TUG and FTSTS, 3) FSST+foam had higher accuracy than FSST
for identifying fall history in the elderly as well as discriminating between elderly and
adults, and 4) AUC of FSST+foam and FSST were moderately accurate for
discriminating fallers from non-fallers. These results suggest that the FSST+foam
could be used as an alternative assessment tool to discriminate between faller
elderly, non-faller elderly in community. The suggested cutoff scores of FSST+foam
to discriminate between fallers versus non-fallers and non-fallers versus adults were

11.21 sec and 8.16 sec, respectively.
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APPENDIX C
MINI - MENTAL STATE EXAMINATION: THAI VERSION (MMSE - THAI 2002)
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Appendix E
Study llI: Personal Data Collection
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APPENDIX F
STUDY I: PARTICIPANTS INFORMATION SHEET
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