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Background and Objectives: The measurement properties of clinical tool are important
for the accurate assessment and help to guide therapists to design effective treatment plans.
The reliability of the scores of the Modified Clinical Test of Sensory Interaction and Balance
(mCTSIB) used to in identify the elderly fallers, as well as the type of foam suitable for balance
assessment is required for testing. This study aimed to assess the accuracy of AIREX® in
balance assessment by comparing its accuracy to identify elderly fallers with the NeuroCom®
when used in the mCTSIB. Methods: One hundred and eighty-four heailthy elderly participants
with a mean age of sixty-nine years were classified into faller and non-faller groups based on
the twelve month fall history. The participants were asked to maintain stability under four
conditions of mCTSIB: firm and foam (AIREX® and NeuroCom®) surface with eyes open and
eyes closed for one hundred and twenty seconds each condition. The balance abilities of
participants during the mCTSIB test was quantified by time to maintain stability and the
postural sway detected using the acceleration-based OPAL system. The time to maintain
stability and postural sway during each condition were compared between groups. The
receiver operating characteristic curve analysis was used to assess the accuracy of
differentiating elderly fallers from non-fallers on different foam types. Results: There was no
difference in composite score when standing on the AIREX® and the NeuroCom® foams (p =
0.125). During standing on the AIREX® or NeuroCom® foam, the fallers had significantly lower
composite scores than non-fallers (p < 0.001). In each condition, there were larger differences
of time to maintain stability between fallers and non-fallers during all conditions, except
standing on floor with eyes opened condition (p = 0.320). The AIREX® and NeuroCom® foams
provided highest AUC (0.95 and 0.94) in identifying the elderly with and without fall history. At
the cutoff score of 452, the AIREX® demonstrated 90.21 percent posttest accuracy with
sensitivity of 0.90, specificity of 0.92, +RH of 11.86 and -RH of 0.10 and NeuroCom"
demonstrated 89.13 percent posttest accuracy with sensitivity of 0.89, specificity of 0.89, +RH
of 8.17 and -RH of 0.12. Conclusions: The AIREX® and the NeuroCom® foams can be used
interchangeably in assisting elderly participants with a history of fall.
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CHAPTER 1
INTRODUCTION

1 Background

According to the World Health Organization (1), fall is defined as the person
coming to rest inadvertently on the ground or other lower level, excluding intentional change
in position to rest in furniture, wall or other objects (1). Fall is a common health problem
which affects one in every three elderly individuals over the age of 65 (1'2). In Thailand, 35.6
percent of elderly experienced fell within 6 months @) Incidence of fall tends to increase
with increasing age. Approximately 30 percent of community-dwelling elderly over the age
of 65 years fall each year, and the number increases to approximately 40 to 50 percent for
those over the age of 80 years (4). Living environment also affects fall incidence. Fall in
elderly can occur everywhere, both outdoor and indoor such as in nursing homes €9
Approximately 50 percent of elderly who live in nursing home facilities fall at least once a
year (5). In Thailand, a survey study reported that household environment such as slippery
floor and bathroom located outside of the house increase a chance to fall e 7). Fall can
result in minor to major life threatening injuries that require immediate attention or hospital
admission © 9). Hip fracture is a common life-threatening problem resulted from fall that

(10, 11

1
leads to hospital admission and long-term care ). In addition, fall can result in fear of

falling and decreased physical activity that subsequently lead to impaired health-related
quality of life (213 and the ability to live independently (14).
There are several factors that could lead to fall. Fall risk factors can be

(15, 16) . .
. The most common extrinsic

(7. 1

categorized into 2 types; extrinsic and intrinsic factor
factors include environmental hazards such as slippery floors 8). Most intrinsic factors
are an age-related degeneration of the multiple systems in elderly (19). Important
degenerative change in the elderly relating to the occurrence of falls is balance. Declined
functions of those sensory systems and central system as a result of advancing age lead to

21)

20,
problems of integrating sensory information for balance control ( and subsequently

increase risk of fall in elderly @ 23). Risk of fall is usually a combination of both intrinsic and
extrinsic factors @4 but it has been shown that more than 50 percent of falls in the elderly

S (25)
are from intrinsic factor namely balance performance



One of the most commonly used clinical tool for balance assessment in elderly is

6, 27 . .
). This test is used to

the clinical test for sensory interaction and balance (CTSIB) @
assess the ability of the central nervous system to appropriately organize and select
sensory information for stance control under the situation that alters visual, vestibular or
somatosensory information @022 28). The CTSIB includes six conditions that vary sensory
available for balance control; standing on firm and foam surface with eyes open, eye
closed, and wearing visual conflict doam (29). Total duration for remaining stable (maximum
30 seconds) and acceleration of the body’s center of mass (CoM) measured under those

(30, 31) .
. Results from this

test conditions have been used to determine balance performance
test can be interpreted as having normal sensory organization or having sensory selection
problems, for example, highly dependent on visual or somatosensory information to control

(30)
balance

Although CTSIB is a reliable test with excellent test-retest reliability (r = 0.75)

3
and it is a valid tool for differentiating fallers from non fallers &>

, the administration time is
still lengthy as it takes approximately 30 minutes to complete the test. In addition, a
previous study found redundancy among test conditions of the CTSIB when using in healthy
elderly aged over 65 years such that balance duration during the visual conflict doam
conditions did not differ from eyes closed conditions (30). Therefore, visual conflict doam
conditions are eliminated and a shorter version of CTSIB, the modified CTSIB (mCTSB) has
been developed to determine the balance performance (34). The mCISIB composes of four
conditions of CTSIB; stand with eyes open and eyes closed on a firm surface and foam

surface 0. 31). Time to administer the mCTSIB is about 10 minutes that cover a 30 seconds-

trials of 4 conditions, repeated 3 times with additional time for setup and explanation GD

The reliability of the mCTSIB has been evaluated previously. All four conditions
have excellent test-retest reliability (ICC = 0.91 to 0.97) ' and have moderate to high
intrarater reliability (kappa = 0.31 to 0.81) (36). Balance performance on the mCTSIB is easy
to evaluate using a stopwatch to time how long person can maintain stability in a standing
position (31). The mCTSIB is frequently used to assess balance performance in many

(26, 37, 38) . . 26, 37
including elderly ( ).

populations

In aging, the ability to maintain standing balance during different condition of
CTSIB is varied, indicating the deterioration of specific sensory system or the integration of
several of sensory systems. Cohen et al. (1993) o) reported that elderly people have
similar ability to stand on firm surface conditions when compared to younger persons. Both

age groups could complete 30 seconds of firm surface conditions. However, foam



conditions can differentiate balance performance of elderly bersons and younger people.
Elderly people were able to maintain balance on foam with eye open for 29 + 2 seconds,
with eye closed for 16 £ 13 seconds and with dome condition for 19 + 12 seconds. In
contrast, younger people were able to maintain balance on foam with all conditions for 30
seconds (30). Under foam conditions, older people demonstrated shorter duration to remain

30
( ). Therefore, it can be concluded that foam

stable, compared with younger adults
condition was more sensitive than firm surface condition to detect age-related decline in
standing balance.

The foam conditions of CTSIB can also differentiate fallers from non-faller. Elderly
who had a fall history demonstrated larger root mean square (RMS) as compared with
those who had no fall history (3941). Di Fabio and Anacker (1996) proposed cut-off values of
duration to maintain balance under CTSIB test. Summation of duration to maintain standing
position on six conditions of CTSIB of less than 260 seconds (summation of all 3 repeated
of 30 seconds trials for each of 6 conditions) has specificity of 90 percent for identifying
fallers. An average time of less than 81 seconds in three foam conditions (foam with eyes
open, eyes closed, and visual conflict doam) indicates relative risk of fallihg at 8.67 times
(33). Although the CTSIB can be used to identify fallers, this test is not practical in everyday
practice due to the complexity of equipment required in the dome conditions. Therefore, the
mCTSIB (4 conditions without doam) will be a substitute test for CTSIB for administering in
the clinical setting.

A variety of foam types, ranging in their density, have been used among different
studies of CTSIB and mCTSIB “* # ** ***? piterent types of foam affect test results
differently and may lead to the wrong interpretation of the balance test. Previous study
showed that the sway characteristics were largest when standing on NeuroCom® foam, a
foém which ‘has high density and high compliance property when compared to Ethylene
Vinyl Acetate foam, sbonge foam, and memory foam (43). At present, the AIREX® Balance-
Pad is another foam that is widely used in both clinical and laboratory settings (40, 44,49
However, there is no report on the accuracy of using Airex® Balance-Pad to assess balance
performance. Therefore, this study assesses the accuracy of Airex® Balance-Pad in balance
assessment by comparing its accuracy to identify elderly fallers with the NeuroCom® foam

when used in the mCTSIB.



2 Research question

Which foam, AIREX® Balance-Pad and the NeuroCom® foam, has more accuracy

in identifying elderly fallers?

3 Objective
Obijectives of this study were
(1) To compére the time to maintain stability between elderly fallers and non-
fallers when standing on conditions of mCTSIB.
(2) To compare the accuracy of differentiating elderly fallers from non-fallers
when testing in the foam condition using AIREX® Balance-Pad foam and the NeuroCom®

foam.

4 Hypotheses of the study

The AIREX® Balance-Pad foam would be as accurate in identifying elderly

®
participants who have a history of fall as the NeuroCom foam.

5 Advantages of the study

The cut-off score suggested from this study will be used to correctly identify elderly
people who have fallen based on their ability to maintain stability on unstable surface. In
addition, the results from this investigation will indicate the most suitable foam type to be

used for identifying elderly who is at risk for fall.

6 Key words

Falls, Sensory integration, Postural stability, Elderly



7 Conceptual framework of this study

The conceptual framework of this study is presented in FIGURE 1.
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FIGURE 1 CONCEPTUAL FRAMEWORK




CHAPTER 2
LITERATURE REVIEWS

The review of literatures is divided into 6 parts as follows;
1. Fall incidence in elderly (definition of fall, fall incidence, the impact of fall)
Fall risk factors

Impairment of sensory system and sensory interaction function in elderly

e

Balance assessment

4.1 Time Up and Go (TUG)

4.2 Falls Efficacy Scale (FES)

4.3 Clinical Test of Sensory Interaction and Balance (CTSIB) and Modified
CTSIB (mCTSIB)

5. Foam types used in CTSIB and mCTSIB and effect of foam types on test

result

6. Measures of diagnostic accuracy of clinical assessment tool

1 Fall incidence in elderly and impact of fall

Fall is defined as the person coming to rest inadvertently on the ground or other
lower level, excluding intentional change in position to rest in furniture, wall or other objects

46
( ). A recurrent fall is defined as

(1). A faller is defined as a participant who fell at least once
a participant who fell at least twice and should be evaluated for treatable causes o
Therefore, a faller in this study is defined as an individual with 1 or more falls in the
previous 12 months and a non-faller is defined as a person who never falls in the same
time period.

The incidence of falls increases with age: approximately 30 to 40 percent of

47, 48
community-dwelling people over the age of 65 years experience a fall every year ( ), and

. 49 " .
(.4 ). In addition to the advancing age, an

it increases to 50 percent at the age of 80 years
environment is related to the incidence of fall. In Thailand, 35.6 percent of elderly fell within

49
6 months and 18.7 percent of those elderly fell at least once ( ). The influence of gender on



fall has been reported that women (24.1 percent) fall more often than men (12.1 percent)
(50)

Falls can cause varieties of problems including physical disability, loss of ability to

perform daily living as well as the financial, physical, and mental stress burden of

24, 51 .
caregivers and society as a whole ( ). Approximately 87 percent of falls result in

psychological impairments such as fear of falling, depression, and loss of confidence in
.o (82 . .
walking ). Moreover, fall can lead to a more serious problem such as a fracture. It is

evident that approximately 25 to 90 percent of hip fractures occur as a result of falls,

. . (53, 54) . .
especially in persons over 70 years of age . This trauma can lead to a more serious

. o . . 55
issue such as an increased risk of mortality in elderly following hip fracture ( ). The

consequences of fall emphasize that fall is a serious threat to the health and quality of life

in the elderly.

2 Fall risk factors

Risk factors for falls in the elderly can be categorized into two categories: a person

(15, 1

k . 6 .
specific (or intrinsic) and environmental (or extrinsic) factors ). The cause of fall in

elderly has often occurred as a result of the combination between individual and

environmental factors is risk factors (FIGURE 2) (16).

Environment (extrinsic)

Individual (intrinsic)

- Age-related changes - Medications

- Cognitive deficits - Footwear

- Gait, strength or balance deficits - Assistive devices

- Sensory deficits - Home/neighborhood features

- Support from caregivers

- Chronic conditions
- Acute ilinesses

- Behaviors/choices

(58)

FIGURE 2 RISK FACTORS FOR FALLS IN THE ELDERLY



2.1 Intrinsic factor

Intrinsic factor is individual-specific factors including age, nutritional status,

. . . . . 14
cognitive impairment, gait and balance disorder, sensory system, and chronic disease, a9

57 . . .
( ). Age-related degeneration of muscular systems such as sarcopenia which leads to

. . (58, 59) . .
accelerated reductions in muscle mass, strength , and power can contribute to falls in

60, 6 . . .
elderly © 9 " Another factor leads to falls in elderly is nutritional status (14). Nutritional

deficiencies such as low body mass index (BMI) and vitamin D deficiency are associated

. . . A (14, 62, 63) e
with osteoporosis, abnormal gait and muscle weakness in elderly . Poor nutritional

status could lead to falling in elderly (14). Cognitive impairment is associated with increased
high risk of falls **. The study of Gleason and colleagues (2009) found the rate of falls

increased when the score of the Mini-Mental State Examination (MMSE) was lower than 22

(65). Other studies have found an increased risk for falls with the MMSE scores below 24 or

below 26 (66'68). Attention, a domain of cognitive functions, has been found to be most

69, 70 .
related to balance, gait and fall risk ( ). Gait and balance problems are suggested as the

strongest risk of falls in the elderly @ 71). Elderly persons with gait and balance deficits will

be three times more likely to fall than those without the problems @ 9). Multiple factors

including pain, loss of reflexes, impaired sensation and less sensory inputs contribute to

- 72, 73 . . .
gait and balance problems in elderly ( ). Among those factors, sensorimotor functions is

9, 74 . . . .
a major cause of gait and balance disturbances ( ). More detail on the impact of impaired

sensory system and sensory interaction for balance are described in the next topic. Age-
14
related chronic conditions are associated with an increased fall risk ( ). Elderly persons with

chronic diseases such as circulatory disease, chronic obstructive pulmonary disease,

75
depression and arthritis are associated with a 32.2 percent increased risk of falling ( ).

Neurological problems such as stroke, Parkinson's: disease, cerebellar dysfunction and

™ are also related to falls. Furthermore, elderly with diabetes

78)

, 76
vestibular pathology “
leading to loss of peripheral sensation also prone to falls (

2.2 Extrinsic factor

79
Extrinsic factors have been reported to contribute to 16 percent @9 to 31

9
percent © of falls in elderly. The extrinsic factors of fall include medication effects and



environment. The previous study reported that increased risk of fall found in elderly persons
who took four or more medications was prescribed a new medication, and/or took higher
those of their current medication @ 80). Among several drugs used in elderly, medication for
sedatives and hypnotics, for example, neuroleptics, antipsychotics, antidepressants, and
benzodiazepines, are major factors leading to falling. Persons who took these types of
medication had approximately one- to two-fold higher risk of fall (odds ratios = 1.35 to
1.68). Combinations of these drug types may greatly increase the risk of a falls (80'82).

Fall in elderly can occur everywhere. At least one-third of falls in elderly
involve environmental hazards inside or around the house e 83). Falls outside of the house
possibly occurs in several places such as in the yard, on the street, or in a public place. For
inside the house, fall frequently occurs in the bathroom (21.1 percent) (©4 85). Environmental
hazards contribute to falling are poor lighting, an unsafe walking surface, footwear and
clothing. These extrinsic factors increase fall risk especially in persons who had major

. . . 18, 56
intrinsic factors for fall risk such as gait or balance impairments ( ).

3 Impairment of sensory system and sensory interaction function in elderly
Sensory systems and sensory interaction function are two of the fundamental
components of a postural control system (FIGURE 3) (86). inputs from the sensory system
are used for postural orientation which is the active alignment of the trunk and head with
respect to the environment (86). Moreover, the sensory information is subsequently used for
properly selecting movement strategies for postural equilibrium which is the coordination of
movement strategies to stabilize the center of body’s mass (CoM) during both self-initiated

and externally triggered disturbances of stability (87).
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FIGURE 3 SENSORY SYSTEMS AND SENSORY INTERACTION, FUNDAMENTAL
COMPONENTS OF THE POSTURAL CONTROL SYSTEM

The figure is adapted from Shumway-Cook A, Woollacott MH. Motor Control: Theory

and Practical Applications: United States of America; 2001. i)

Three systems of the sensory system are somatosensory, vestibular and visual
systems ©9, These sensory inputs constitute the primary elements necessary for the central
nervous system to process the postural control (89). Visual input is used for aligning the
body with respect to surrounding object. Somatosensory input consists of proprioception
and touch sensation. Information from this system allows the muscles to make an automatic
adjustment to maintain balance and avoid falls. The vestibular system is responsible for
processing information about movement with respect to gravity and works with the visual
system to stabilize the eyes and maintain postural during exertion. Sensory interaction is

86
the interaction of the senses to each other and how they influence each other ( ). Impaired



11

function of the sensory systems and sensory interaction can contribute to poor balance
performance and subsequently lead to falls @ 21).

A normal function of those sensory systems and their integrative function are crucial
for normal balance performance. Evidence showed that age-related decline in sensory

(90-92) . . . .
. Deterioration in function of the

function decreased elderly’s balance performance

vestibular system with increased age causes dizziness and vertigo and subsequently
. 91 . . . . . T

increases fall risk ( ). Visual impairments (e.g., decreased visual acuity, contrast sensitivity,

(90, 93, 94)

visual field and depth perception) and impaired somatosensory function can

88, 95
contribute to falls ¢ ).

Age-related decreased light touch sensation, muscle spindle
activity, proprioception sensitivity, g and vibration sense are associated with an increased
risk of falling in elderly v 97). In addition, decreased the ability of the nervous system to
interact sensory inputs for maintaining stability is also associated with high risk for fall. The
previous study reported that elderly person had a higher risk for losing balance by 5.7 fold
when standing on an unstable surface with eye closed as compared to standing on firm
surface with eyes open (92). Yingyongyudha et al. (2016) showed that the sensory
~ orientation section of the Balance Evaluation System Test (BESTest) (standing on firm
surface with eyes open, foam surface with eyes closed and Incline with eyes closed)
produced larger AUC (equal 0.74) than the other sections, suggesting that sensory
orientation sections had higher accuracy to classify fallers and non-fallers than the rest of

the sections in the BESTest (98).

4 Balance assessment

Balance is the ability to maintain the body’s center of mass (CoM) in the base of

(98, 99, 100)

support together with the ability to maintain the body in normal alignment These

abilities depend on the individual motor and sensory systems as well as the integration of

101
sensorimotor functions ( ). Balance is an important factor in stabilizing the body

position while performing the activities of everyday life (102). The purposes of balance
assessment are to identify balance problem, determine a cause of the problem, identify a

person who is at risk of fall, or predict a future fall in order to employ a suitable fall
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prevention strategy. The clinical scales that are usually used to screen the elderly person
who is at risk for falls are the Time Up' and Go (TUG), Falls Efficacy Scale (FAS) and
Clinical Test for the Sensory Interaction and Balance (CTSIB). These tools have the ability
to accurately identify persons who is at risk for falls (103). Descripfion and properties of those
scales are described below.

4.1 Time UP and Go test (TUG)
The Time Up and Go test (TUG) is a simple timed test to quantify functional

mobility. The TUG has been associated with other tests of balance and functional mobility

balance in the elderly with balance disturbances (104). More specifically, it assesses the

ability to perform sequential motor tasks relative to walking and turning. To perform the
TUG test, measures in seconds, the time take by an individual to stand up from a standard
arm chair (approximately seat height of 46 cm (18 inches), arm height 65 cm (25.6 inches)),

walk a distance of 3 meters (approximate 118 inches), turn around, walk back to the chair

105
and sit down ( ). The person who wears their regular footwear and use their customary

walking aid (such as a cane, walker), if any, and walks at a comfortable and safe pace. The
instructions were to walk (not run) as quickly, but as safely as possible (104). The time to

complete the task is measured with a stopwatch. A practice trial is given, followed by 3
104-106

timed trials. The results of the timed trials are averaged ( ). The time is then compared

to normative values for age, gender, and research-based guidelines that measure risk of

falls and functional decline. The TUG is another commonly used screening tool for falls risk
. . . (98, 104, 105)
in the community setting S

The TUG is a reliable tool with excellent test-retest reliability (ICC = 0.97)

(106 (104-106)

), inter-rater reliability (ICC = 0.98 - 0.99) and intra-rater reliability (ICC = 0.97 -

0.99) (oe-107y when test in the elderly people. For fall prediction, Shumway-Cook et al. (2000)

reported a sensitivity of 87 percent, specificity of 87 percent and fall prediction rate of 87

104 104, 105,
percent in the elderly fallers ( ). Moreover, it does not suffer from the ceiling effect (

08). Elderly persons who take longer than 14 seconds to complete the TUG have a high
105, .
risk for falls with an overall correct prediction rate of 90 percent (105 109). Thus, if a

participant takes 14 seconds or longer was classified as high risk for falling. The TUG is
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easy to use for assessing a population of frail elderly patients or can be used with the
community-dwelling persons. This scale is quick and easy to perform without special
equipment, just the stopwatch is required, or training (105).
4.2 Falls Efficacy Scale (FES)
The Falls Efficacy Scale (FES) is a reliable clinical tool used to assess a
person’s confidence to performed several activities of daily living (ADLs) without falling and
indicate fear of falling (FOF) (110). The FOF has been defined as an ongoing concern about

falling, which ultimately limits the performance of activities of daily living (ADLs) @,

The
FES consists of a 10-item rating scale to assess confidence in performing daily activities
without falling. Each item is rated from 0 to 10 scores based on confidence in maintaining
ADLs. A score of 0 represents no confidence and a score of 10 represents the full

confidence. The total score is calculated by summing all item responses and can range

from 0 to 100 (110). It requires approximately 10 - 15 minutes to complete the questionnaire

(110, 111) (110, 112)

. A total score of less than 70 indicates a person has a fear of falling (FOF)
The FES showed the sensitivity of 59 %, specificity of 82 % for detecting elderly person has
a FOF (1. 112). However, The FES has forewarning such that the score of subjective scale

from perception is not related to what is used as a measure of ability.

4.3 Clinical Test for the Sensory Interaction and Balance (CTSIB)
4.3.1 Definition of test

The clinical test of sensory interaction and balance (CTSIB) is a
measure of the body function and structure domain of the International Classification of
Functioning, Disabilty and Health (ICF) Model (113). The CTSIB is used to provide
information about the individual capacity to adapt using sensory strategies to maintain
balance in 6 sensory conditions including 1) standing on a firm surface with eyes open, 2)
standing on a firm surface with eyes closed, 3) standing on a firm surface with eyes open
with a visual conflict dome, 4) standing on a foam surface with eyes open, 5) standing on a
foam surface with eyes closed, and 6) standing on a foam surface with eyes open with a

. . (29)
visual conflict dome
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These conditions of the CTSIB simulate the demands involved in body
balance through the manipulation of sensory inputs, such as changes in visual input,
changes in the support surface, reductions in the support base, and the presence of
conflicts between orientation information from different sensory systems. The CTSIB allows
a preliminary assessment of how well a patient can integrate various senses with respect to
balance and compensate when one or more of those senses are compromised @ 30).

The mCTSIB is another test of sensory interaction and balance. The
test conditions in the mCTSIB were modified from the CTSIB by omitting the visual conflict
dome conditions (condition 3 and 6), where measured balance duration did not differ from
eyes closed conditions ® s a result, the mCTSIB consists of 4 conditions of the CTSIB
(condition 1, 2, 4 and 5). The conditions tested in the mCTSIB (FIGURE 4) and their
interpretations are described below;

Condition 1 (condition 1 of the CTSIB): Eyes open with firm
surface - provides a baseline. Information is available by all 3 sensory inputs including
visual system, vestibular system and somatosensory system.

Condition 2 (condition 2 of the CTSIB): Eyes closed with firm
surface - visual not available; somatosensory and vestibular systems are available. If a
participant performs poorly, the vestibular or somatosensory systems may be compromised
with an increase in visual dependency.

Condition 3 (condition 4 of the CTSIB): Eyes open with foam
surface - somatosensory compromised; visual and vestibular systems are available. If a
participant performs poorly, visual or vestibular systems may be compromised with an
increase in somatosensory dependency.

Condition 4 (Condition. 5 of the CTSIB): Eyes closed with foam
surface - visual not available, somatosensory compromised; only vestibular is available. If

performance is reduced, the vestibular system may be disrupted.
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4.3.2 Equipments and parameters

To measure performance during the mCTSIB test, a stopwatch is used

4

. 1 . .
to record the exact time that a person is able to maintain balance ). Time is stopped

during a trial when a person a) deviates from initial crossed arm position, b) opens eyes'

during an “eyes closed” trial condition, or c) moves feet (takes a step) or requires manual

(30, 4

. 1) L . .
assistance to prevent loss of balance . A trial is successful if the person is capable of

maintaining the starting position independently for a period of 30 seconds. The trial is

41
considered abnormal or poor balance if it lasted less than 30 seconds ( ).

Characteristics of postural sway during the CTSIB or the mCTSIB can
also be quantified using various laboratory equipment. Postural sway is defined as the

continuous movement of the body’s center of mass (CoM) and can be measured by the use

(39, 114, 115)

of force plates through detecting fluctuations of the center of pressure (CoP) The

CoM is defined as a point that is at the center of the total body mass, determined by finding
of the weighted average of the CoM of each body segment (86). The CoP is defined as the

point location of the vertical ground reaction force vector. It represents a weighted average

(86, 116)

of all the pressures over the surface of the area in contact with the ground For

example, force platform has been used to measure amplitude, direction, and speed of

(39, 114, 115)

movement of a CoP displacement and motion analysis method has been used to

117 '
determine movement of CoM ( ). Recently, the wireless sensor detecting acceleration of

. 40, 43
body’s movement has been suggested to use in balance assessment ( ).

Accelerometer is a more sensitive equipment that is capable for

118
detecting the difference between balance challenging conditions than a force plate ( ).

Acceleration of CoM has been shown to be directly related to the difference between CoP

and CoM, which has been suggested to be an error signal that the postural control system
. :

is sensing o ). Acceleration of CoM may, therefore, be a more adequate measure of

(11

9
balance than parameters derived from the displacement of CoP alone ). A reference

point over the lumbar spine was chosen for attaching accelerometer. This reference point
43, 120
was believed to be a good estimation of the CoM during standing ( ). Increased

amplitude of acceleration during quiet stance is usually interpreted as postural sway or loss
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of balance (116). In addition, it has been shown that acceleration of the CoM can be used to

detect the difference between test conditions of CTSIB in young and elderly participants “3

(40, 120)
and between fallers and non-fallers .
Acceleration based parameters consist of sway area and root mean

39, 40, 43
square (RMS) of the acceleration ( ) These two parameters (sway area and RMS) are

. 39,40, 43 .
commonly used for detecting balance in elderly( ). Sway area is related to the stability

121, 122 . .
achieved by the postural control system ( ) and this parameter describes the enclosed

total area covering the displacement of CoM as it oscillates within the base of support (123).
A general method in the computation of sway area is to divide the rectangular area into
two-dimensional grid meshes. The curve representing by Xnet and Ynet may overlap
several times. The coordinate Xnet represents sway in the anteroposterior (AP) direction,

(123) .
. The area is

and the coordinate Ynet represents sway in the mediolateral (ML) direction
defined by the differences between the maximum and minimum in Xnet and Ynet.

Root mean square (RMS) values represents the standard deviation of
the displacement of the CoM or CoP and which indicated the direction of sway by
calculating the differences between the RMS-AP and RMS-ML directions (124). This
parameter measures the average absolute displacement around the mean CoM or CoP and
has been employed by most researchers o 43). The discrete RMS values were found for

each task according to the equation:

RMS =

where M is the number of data points and acceleration values

(Xj)is the i sample's amplitude of the RMS in each directions (RMS-AP and RMS-ML
(m/sz)) (40). A decrease in RMS represents an increased ability to preserve an upright
stance. Contrarily, an increased value for either variable suggests a decreased ability to

]
maintain postural control ( 24). A measure of RMS is used as predictors of fall risk in elderly
(40)
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4.3.3 Clinical implication

The conditions of the CTSIB and the mCTSIB have been used to
differentiate balance performance among age groups and determine the person who has
the balance problem. However, not all conditions can determine balance probiem. The
previous study founded that elderly had larger sway or demonstrated shorter duration to
remain stable on foam surface conditions but they could maintain balance as similar as a
younger person during floor with eyes open (EO) and eyes closed (EC) conditions (30,35, 41)
In addition, assessment of quiet stance on firm surface conditions demonstrated low
sensitivity for distinguishing elderly who had a history of fall from those with who had no
history of fall “ In contrast, the foam conditions are sensitive to differentiate fallers from
non-faller. Standing time to identify fallers is approximately 26 to 29 seconds in the foam
with eyes open condition and 16 to 25 seconds in the foam with eyes closed condition 0
= (TABLE 1). Although the interpretation of balance performance using foam conditions of
the CTSIB has some benefit in the clinical setting, Di Fabio and Anacker (1996)
demonstrated a more usefulness of the interpretation of CTSIB test as a whole. They
proposed the cutoff score of the CTSIB for detecting elderly who is at risk of fall.
Summation of duration to maintain standing position on 6 conditions of CTSIB was less
than 260 seconds (summation of all 3 repeated of 30 seconds trials for each of 6 -
conditions) for identifying fallers. Moreover, they found that elderly persons who have an
average time of less than 81 seconds in 3 foam conditions (i.e., eyes open, eyes closed,
and visual conflict doam) have a-relative risk of falling at 8.67 times greater than those who

3
had a higher score 3

TABLE 1 CLINICAL IMPLICATION OF CTSIB MEASURE IN ELDERLY

Test Time to detect balance Time related fall
Reference
condition problem in elderly risk




Floor EO and Could not differentiate Cohen et al.
EC young and elderly with and (1993) o
without balance problem
TABLE 1 (continued)
Test Time to detect balance Time related fall
Reference
condition problem in elderly risk
) Cohen et al.
Foam EO average time of 29 (30)
- (1993)
seconds
Ricci et al. (2009)
(41)
Foam EO average time of 26

(continued)

Foam EC

Foam EC, EO
and ED

Floor and
Foam with EC,
EO and ED

seconds in elderly who
had history of fall recurrent

falls

average time of 16
seconds

average time of 25 and
20 seconds in elderly who
had history of fall 1 fall
and recurrent falls,

respectively

average time of less

than 81 seconds

average time of less

than 260 seconds

Time of less than
81 seconds
(relative risk of

falling 8.67 times)

Shorter than 260

seconds

Ricci et al. (2009)
41)

Cohen et al.

(1993) *”

Ricci et al. (2009)
(41)

Di Fabio and
Anacker (1996) >

Di Fabio and

Anacker (1996) e
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Note: EO; Eyes open and EC; Eyes closed

5 Foam types used in CTSIB and mCTSIB and effect of foam types on test
result
A variety of foam types such as "SunMate®, Temper®, NeuroCom®, and AIREX®

Balance-Pad are used in different studies of balance performance on CTSIB and mCTSIB

, 29, 30,40, 42 e . .
test (20 3040 ). These types of foam are similar in dimensions but different in other

physical properties such as density, indentation force-deflection (IFD) or firmness, and

elasticity (Young's modulus) (TABLE 2). Density is a measure of mass per unit volume (115).

Density and thickness of the foam surfaces in different studies have varied from one

another considerably. For example, the foam block can range from 2 centimeter (cm) thick

to 12 cm thick and from low density (25 kg/m_s) @ to high density (54.53 kg/m"3) (115).

Indentation force-deflection (IFD) or firmness is a test method for foam to determine

firmness, stiffness and measuring the force needed to cause reduction in foam thickness

(er. 126) High IFD implies increased hardness of foam and low IFD indicates softness of

foam @ 128). Elasticity (Young’s modulus) is a property of materials that change shape

(115, 129)

when a force acts and to return back to its original shape when the force stops A
hard material has a high Young's modulus (0.049 Mega-Pascal (MPa)) and changes its

shape only slightly under elastic loads. A flexible materiél has a low Young's modulus |
(0.029 MPa) and changes its shape considerably (115). These physical properties of the
foam are related to its capability to provide an unstable surface condition of the balance
test. For example, foam with higher Young’s modulus induces larger body sway compared

#12%  previous studies showed that the

to those with a lower value of Young’s modulus
mechanical properties of the foam surface, e.g. density and IFD are significantly related to
the stability challenge (115). Standing on a foam surface reduces the ability of perceive
somatosensory distribution and decreases body orientation for porstural stabilization (115).
Furthermore, standing on foam also causes a mechanical perturbation. Compression of the

compliant viscoelastic surface reduces the effectiveness of ankle torques required for
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(130, 131)

postural stability . The effect of foam properties on postural control suggests the

careful selection of foam types used in CTSIB in order to ensure the accuracy of the test.

TABLE 2 PHYSICAL PROPERTIES OF FOAM TYPES

25% 65% Young’s

Physical Dimension(m): ' Density
3 IFD IFD modulus Reference
properties width x length (kgm")
(N) (N) (MPa)
Medium
foam Patel et al.
0.47 x 0.46 21.3 - - 0.020 (115)
(not report (2008)
foam type)
® Chaikeeree
NeuroCom
0.46 x 0.46 60.01 23.77 56.27 0.14 et al.
foam (43)
(2015)
AIREX®
Lin et al.
Balance-Pad 0.50 x 0.41 55 43.87 265.89 0.26 (a4)
(2015)
faom

Note: m; mater, kg; kilograms, N; Newton, MPa; Mega Pascal and IFD; Indentation

force-deflection

6 Measures of diagnostic accuracy of a clinical assessment tool

Assessment tools used in screening and diagnosis enable clinicians to diagnose
and predict a . particular characteristic, symptom, or disease (132). The important
characteristic of the screening tool is the ability to accurately stratify individuals into different
categories of clinical importance (132). Measurement of diagnostic accuracy are sensitivity,
specificity, likelihood ratios, the receiver operating characteristic (ROC) analysis, and area

under the ROC curve.

6.1 Sensitivity
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The sensitivity is the ability of the test to correctly identify patients with a
disease (159) or individual with a target condition such as a fall history. It is the proportion of
true positive results to a combination of true positive and false negative test results, where
a true positive is a test result correctly indicating a person as having a target condition and
a false negative result is a test result classifying a person as not having a condition when
that person is actually having it (134). The lower rate of sensitivity produces more false
35)

negative results, while the higher rate of sensitivity yields more true positive results a

The sensitivity can be calculated by following formula:

True positive

Sensitivit . ;
Y True positive+False negative

6.2 Specificity

The specificity is the ability of the test to correctly identify non-affected
individuals or those patients without the disease (133). Specificity measures the proportion of
true negative results to a combination of true negative and false positive test result, where a
true negative result is a test result correctly indicating a person as not having a condition
and false positive result is a test result classifying a person as having a condition when that
person is actually not having it (134). A test with low specificity produces more false positive
results, while a test with high specificity yields true negative results (135). The specificity can

be calculated with following formuia:

True negative

Specificit
P y True negative+False positive

Ideally, a test should have high sensitivity and high specificity; however,
there are tradeoffs between sensitivity and specificity. A test with high sensitivity often has
specificity reduced. In contrast, the testing with high specificity often has low sensitivity (3

136)

6.3 Likelihood ratio (LR)

The likelihood ratio (LR) is a ratio of the probability that a test result is

correct to the probability that the test result is incorrect (137). LR is used to assess the



23

potential utility of a particular diagnostic test, and how likely it is that a patient has a

" 138 . . . 139-
disease or condition ( ). The LR can be determined as positive and negative values (

141)

A positive likelihood ratio (LR+) is the probability of a positive outcome given

a positive screening. It can be calculated using the following equation (o 141);
LR+ = True positive rate Sensitivity
" False positive rate 1 — Specificity ’

where from true positive rate (specificity) is the patient has the disease and
the test is positive, and false positive rate (1 - specificity) is the patient does not have the

disease but the test is positive.

A negative likelihood ratio (LR-) is the probability of a negative outcome

given a negative screening. The formula for calculating the negative likelihood ratio using

. . {140, 141)
following equation ;

LR— — False negative rate 1 — Sensitivity
- - )

True negative rate Specificity

where the false negative rate (1 - sensitivity) is the patient has the disease
but the test is negative, and true negative rate (specificity) is the patient does not have the

disease and the test is negative

A good test should have both high LR+ and very low LR-. An LR+ of more
than 5 and LR- of less than 0.2 represent relatively important effects. LR between 2 to 5
and between 0.2 to 0.5 may be important, depending on nature of the diagnosis being
studied, values close to 1 represent no changing effect, it means the test is useless (TABLE

3) (140).
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TABLE 3 A GUIDE TO DETERMINING THE EFFECT OF LIKELIHOOD (LR) "*”

High LR Low LR Effect on Posttest Probability
> 10 <01 Large and often conclusive increase in the
likelihood |
5-10 0.1-0.2 Moderate increase in the likelihood
2-5 0.2-0.5 Small increase in the likelihood
1-2 05-1.0 ] Minimal decrease in the likelihood
1 1 No change in the likelihood

Note: LR; likelihood ratio

6.4 Receiver Operating Characteristic (ROC) curve

.Analysis of the ROC analysis is an effective method for evaluating the
performance of diagnostic tests (142). The ROC curve (FIGURE 5) is a plot of the true
positive rate (sensitivity) in y-axis against 1 - specificity (the false positive rate) in y-axis
across a range of cut points for prédicting or differentiating a clinical characteristic. The
area under the ROC curve (AUC) is a measurement of the overall accuracy of a test .
The AUC corresponds to the ROC shape. If The: ROC curve approach is closer to the
upper left corner (100% sensitivity, 100% specificity), the AUC will be larger, indicating the
higher overall accuracy of a test (144). Value of AUC can be range from 0 to 1; a value less
than 0.50 indicates no discriminative ability, a value between 0.50 - 0.70 indicates low
accuracy, a value between 0.70 - 0.90 indicates moderate accuracy, and over 0.90

. . . 135, 145
indicates high accuracy ( ).
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FIGURE 5 RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE

Figure from Lalkhen AG, McCluskey A. Clinical Tests: Sensitivity and Specificity.
Oxford Journals. 2008:8(6):23-221 '*.

6.5 Cutoff score

The ROC analysis can also be used to determine the optimal cut-off score
of a test. The optimal cutoff score is the most maximum of vertical distance of ROC curve
(132), where the proportion of participants that is accurately classified is maximal (the cutoff
score which has a high sensitivity and also a high specificity) (146). There are three methods
used to determine optimal cutoff value 19314719 The first method uses the square of
distance between the point on the upper left hand corner of ROC space and any point on
ROC curve, for example, disease status2 (d2) = (1 - true positive fraction2 (TPFZ)) + false
positive fraction2 (FPFZ) =(1- sensitivity)2 +(1- specificity)2 (143).

The second method, the Youden index uses the maximum of vertical
distance of ROC curve from the point (x, y) on diagonal line (chance line). The Youden

index (J) maximizes the difference between true positive fraction (TPF) or sensitivity (g(c))

and false positive fraction (FPF) or 1 - specificity (p(c)). Youden Index defined as J = TPF -
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FPF = Sensitivity + Specificity - 1 (148). J represents the maximum vertical distance between
the ROC curve and the diagonal chance line representing a useless biomarker’s (149).
Optimal cutoff score (c;) succeeds ideologically by maximizing the overall rate of individuals
classified correctly g(c;) + p(c,). As a result, the overall rate of misclassifications, (1 - q(c;))

+ (1 - p(cy)) is minimized (FIGURE 6 black thick line). In addition, a criteria has been

suggested and utilized where the point on the curve closest to (0,1) criteria in

2 2
min = J(1 - sensitivity(c) + (1 - specificity(c)) , is identified and the corresponding cutoff

score (). The objective function defined as the distance between the couple (1 - q(c), p(c))

and the optimal point (0,1), representing maximum specificity (p(c) = 1) and maximum
sensitivity (g(c) = 1) in the ROC plane (FIGURE 6 dashed line). According to this method,
the cutoff score that achieves this maximum is referred to as the optimal cutoff score (c,)
because it is the cutoff score that optimizes the biomarker's differentiating ability when
equal weight is given to sensitivity and specificity i (FIGURE 6).

The third method incorporates the financial costs for correct and false
diagnosis and the costs of a further workup for diagnosis (e.g. prevalence in the target
population) (148). This method takes into account the epidemiologic situation and the relative
consequences of false negative (FN) and false positive (FP) test results. For example,
given a disease of low prevalence and high cost of FP diagnoses, it may be advisable to
choose a cutoff at the lower part of the curve to maximize specificity. If on the other hand,
the disease occurs at high prevalence a cutoff value towards the upper part of the curve

. e (147)
would be selected to maximize sensitivity e
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FIGURE 6 ROC CURVE BASED ON THE VERTICAL LINES AND REFERENCE ARCS
IDENTIFY THE YOUDEN INDEX AND THEIR CORRESSPONDING OPTIMOL
CUTOFF SCORES (c, and c¢*), RESPECTIVELY

Figure from Perkins NJ, Schisterman EF. The Inconsistency of "Optimal” Cutpoints

Obtained Using Two Criteria Based on the Receiver Operating Characteristic Curve.
(148)

American Journal of Epidemiology. 2006;163(7):670-675

The cutoff score where the proportion of participants that were accurately
classified is maximal (the cutoff score which has a high 'sensitivity and also a high
specificity). Usually, a clinician wants a specificity of 95 percent and tries to find the cutoff
for that. However, in some cases it is almost as important to have a high sensitivity, e.g. in
the test used to identify a serious but treatable disease (150). Previous studies use a

151
specificity of at least 95 percent as criterion even with a decreased sensitivity ey or for

! 150
screening, a sensitivity of at least 80 percent even with a decreased specificity ( ).
Therefore, at the optimal cutoff score, it is important to consider both sensitivity and

specificity simultaneously.
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CHAPTER 3
METHODOLOGY

1 Research Design

Design of this study is an observational research design.

2 Participants
Male and female elderly persons were recruited from the suburban
communities in Pathum Thani, Thailand with the following inclusion criteria:
(1) age equal or over 60 years;
(2) able to stand independently without assistive device for at least 2 minutes;
(3) able to walk with or without using walking aids for at least 6 meters;
(4) no history of neurological diseases such as stroke and Parkinson's disease.

participants were excluded from this study with the following criteria:

(152, 153)

)

(2) having disorder signs or symptomé of vertigo, nystagmus in the day of

(1) on medications that is affecting balance (see APPENDIX C

assessment;

(3) having blindness or severely impaired sight that cannot be corrected by
eye glasses;

(4) unable to follow instructions;

(5) having uncontrolled cardiovascular conditions. For instant, heart disease,
hypertension or congenital diseases which are dizziness, confused, vomit, angina or chest
pain at rest, high blood pressure (BP), if either the systolic or diastolic number is high (more
than 160/100 millimeter of mercury (mmHg)) at rest, a heart rate of more than 100 beats
per minute (bpm) at rest in the day of assessment;

(6) having diabetes mellitus that lead to loss of feet sensation;

(7) having severe leg pain that perturbs standing in the day of assessment

154
(pain scale equal or more than 4 points of numeric resting scale (NRS) ae ));
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(8) having severe musculoskeletal problems such as scoliosis, kyphosis on
obviously from observation, osteoarthritis has severe leg pain that perturbs standing in the
day of assessment (pain scale equal or more than 4 points of NRS (154)), deformity of lower
limbs or problems that impact on standing independently;

(9) having cognitive impairments indicating by a score less than 24 out of 30

on the Mini-Mental State Examination-Thai version 2002 (MMSE-Thai) (see APPENDIX B
(155, 156)
)

(10) Body Mass Index (BMI) equal or more than 30 kg/m2 (157).

The study was approved by ethic committee and all participants received
information about the objective, process and protocol of the study before signing inform

consent.

3 Sample size
The sample size calculation for comparing mean of two independent groups was

158
calculated based on the following equation; g

Z(Za/z + ZB )262

L/grone (p1 — pz )?
Where; n = the number of participants required in each group
Za/z = Type | error rate (Q)
Z.B = Type |l error rate (B), power (P = 1= B)
o = standard deviation of mean difference
Ui = the mean of group 1
j25) = the mean of group 2

The sample size for each was calculated based on previous study reporting

mean and standard deviation of time to maintain balance for four conditions of the mCTSIB

in fallers (105.45 + 23.45) and non-fallers (115.96 + 9.43) “n and power and O error
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probability was set at 0.05 and 0.95, respectively. Therefore, the required number of
participant in each group (fallers and non-fallers) was 92 and thus the total sample size for

this study was 184 participants.

4 Equipment
The equipment used in this study included the following (FIGURE 7):

(1) acceleration based equipment, OPAL inertial sensor and Mobility Lab
software (APDM, Mobility Lab' ") > and a computer (FIGURE 7 A);

(2) NeuroCom" foam (dimensions 0.46 x 0.46 m.) (FIGURE 7 B);

(3) AIREX® Balance-Pad foam (dimensions 0.50 x 0.41 m.) (FIGURE 7 C);

(4) black clothing covers (FIGURE 7 D);

(5) A stopwatch (ULTRAK 495) (FIGURE 7 E)

(6) A foot markers (FIGURE 7 F)
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FIGURE 7 THE EQUIPMENT USED IN THIS STUDY
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5 Procedures

The elderly in this study, one hundred and eighty-four participants from the sample
size calculation were recruited based on the inclusion and exclusion criteria. Participant’s
characteristics, fall history (nun;tber of fall within 12 months, fall location and types of fall)
and general health status (APPENDIX A) were gathered before starting other tests.
Participant’s cognitive function and comprehension were examined using the Mini-Mental
State Examination-Thai version 2002 (MMSE-Thai) "> °"' (APPENDIX B), which assessed
5 components; orientation, memory, language, calculation, and attention. A person who had
the MMSE score of below 24 points, which indicated cognitive impairment, would be
excluded from the study. The participants were categorized at entry into two groups based
on their fall histories within the last 12 months. Those who had one fall or more would be
classified as faller and those who never fall would be identified as a non-faller. Functional
balance performance and fear of falling of participants would be determined using the Time
Up and Go test (TUG) (APPENDIX D) and Falls Efficacy Scale (FES) - Thai version
(APPENDIX E), respectively. Standing balance during four conditions of mCTSIB: floor -
eyes open (F-EO), eyes closed (F-EC), foam eyes open and closed were examined. Two
types of foam, were applied for foam conditions of the mCTSIB: NeuroCom® foam - eyes
open (N-EO), eyes closed (N-EC), AIREX® Balance-Pad foam - eyes open (A-EO), and
eyes closed (A-EC).

Prior to testing in each condition, a researcher demonstrated the task. and
participants were allowed to practice the task until they become familiar with the task.
During each condition, participants were asked-to stand barefoot with feet shoulder width
apart, arm. crossed touch on the shoulder, looking forward at a picture hang at eye level of
each individual during eyes open trials as9) (FIGURE 9). Their feet position was controlled
throughout all trials using the foot markers (FIGURE 7 F and 9). Participants were asked to
maintain the standing position for as long as possible, up to 2 minutes, and performed each
condition once. Vital sign and blood pressure were measured prior to and after the testing.

A few minutes of resting period with sitting, stretching lower limbs muscle and marching

between trials were applied to prevent fatigue. During testing, participants were allowed to
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rest as long as they needed if they were too tired to perform the next task. Discontinuation
was following these criteria; leaving the study during the test and having sign and symptom
such as dizziness, confused, vomit, angina or chest pain at rest, high blood pressure (BP)
more than 160/100 mmHg at rest, a heart rate of more than 100 bpm at rest, staying
aggravated would stop the test immediately. The order of test was randomized using the
computer-generated randomization (see APPENDIX G for sequence of randomization).
Time to maintain stability during each condition was recorded using a stopwatch.
The record began after an examiner's command “start” and terminated when position of
participant’'s feet and arms changed, eyes opened during eyes closed condition, or required
manual assistance to prevent a fall %0 41). The postural sway characteristics were measured
using acceleration-based equipment, OPAL inertial sensor (APDM, Mobility LabTM) (FIGURE
7A) (43). Prior to each trial, an accelerometer was strapped at the fifth lumbar spine (L5)
(FIGURE 10) and the data were collected at the sampling rate of 50 Hz '°”. The total
duration of testing was approximately 45 minutes for each participant. The evaluation was

performed in the same setting and all participants received the same verbal instruction. A

flowchart of study procedure is shown in FIGURE 8.
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Recruiting and screening participants based on the inclusion and

exclusion criteria. Participants signed the inform consent.

y

The elderly participants were categorized into two groups, faller

and non-faller, based on their fall history.

v

Recording participants demographic, general health status, fall history,

fear of fall (FES) and functional balance performance (TUG)

v

{ Preparing participant: practiced the tasks and strapped the sensor J

v

Performing 6 conditions (randomized order of test): F-EO, F-EC, N-EO,

N-EC, A-EO and A-EC

Recording performance: standing duration (a stop watch) and postural

\ sway characteristics (accelerometer) /

v
4 R

Data analysis and statistical analysis:

- Comparing time to maintain stability between groups

- Determining accuracy of differentiating fallers from non-fallers when

\using two types of foam for the mCTSIB test

FIGURE 8 A FLOWCHART OF STUDY PROCEDURE
F-EO; floor - eyes opened, F-EC; floor - eyes closed, N-EO; NeuroCom® foam -

eyes opened, N-EC; NeuroCom® foam eyes closed, A-EO; AIREX® Balance-Pad foam -

eyes opened and A-EC; AIREX® Balance-Pad foam eyes closed



FIGURE 9 STUDY SETTING, STATRING POSITION FOR FOUR CONDITIONS (FIRM (A)

AND FOAM (B) WITH EYES OPENED AND FIRM (C) AND FOAM (D) WITH EYES
CLOSED)

35
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FIGURE 10 AN ACCELERATION SENSOR IS STRAPPED AT THE FIFTH LUMBER
SPINE (L5) OF A PARTICIPANT IN FIRM (A) AND FOAM (B) CONDITIONS

+

6 Data Analysis

The demographic and clinical characteristics

The demographic and clinical characteristics of the participants were
described using descriptive statistics. Baseline characteristics between fallers and non-
fallers were examined using independent t-test.

Comparing composite score obtained from two types of foam pads
The time to maintain balance during four conditions (eyes opened and closed
on floor and on foam) were combined to determine a composite score (total maxiﬁwum
score is 480 seconds) of each participant. The.composite scores from the AIREX® Balance-

Pad foam and the NeuroCom® foam were compared using paired samples t-test.
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Comparing composite score between fallers and non-fallers
The composite scores for fallers and non-fallers were calculated. The effects
of groups and types of foam pad on the composite score were analyzed using two-way
mixed ANOVA.

Time to maintain stability and comparing postural sway characteristics
during elderly faller and non-faller standing on conditions of Mctsib

Time to maintain balance during each study conditions (F-EO, F-EC, N-EO,
N-EC, A-EO, and A-EC) for faller and non-faller groups were determined and compared
using two-way mixed ANOVA.

Raw sensor data from all trials were gathered to generate excursions of the
CoM acceleration projected on the horizontal plane using the Mobility Lab software. The
Sway area and root mean square of acceleration in the anteroposterior (AP) and
mediolateral (ML) directions (RMS-AP and RMS-ML) were used to characterize postural
sway during each test condition o) and compared between fallers and non-fallers using
two-way mixed ANOVA.

Comparing the accuracy of differentiating elderly fallers from non-fallers
when testing foam condition using AIREX® Balance-Pad foam and the NeuroCom®
foam

Receiver operating characteristic (ROC) analysis was used to determine the
performance of the composite score from two foam types for classifying participant with and
without falling history. The cutoff score for differentiating fallers from non-faller were chosen
using the composite score that provides high sensitivity and high specificity (146). Likelihood
ratio was calculated for determining probability of correctly identifying fallers and non-fallers.
A positive likelihood ratio (LR+) and a negative likelihood ratio (LR-) were calculated for
composite score from each types of foam using the criteria: LR+ of more than 5 and a LR-
of less than 0.2 (140). The percentage of accuracy of each foam type for classifying elderly

who actually fall were calculated.

Statistical analysis for comparing time to maintain stability between groups and

determining accuracy of differentiating fallers from non-fallers when using two types of foam
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was performed using the SPSS software version 23. Statistical significance was set at a

level of p-value of less than 0.05.

7 Ethical Considerations
This research protocol was approved by human research ethics committeés,
Faculty of Physical Therapy, Srinakharinwirot University (PTPT2017-010) and the

participants signed the inform consent before participated in the study.

8 Conflict of interest

There were no conflicts of interest. No authors have financial relationships with

any research materials and equipment tested in this study.
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One hundred and eighty-four elderly, ninety-two in each faller and non-faller group

were participated in this study. Demographic and clinical characteristics of the participant

were shown in TABLE 4. Sixty-one percent of the elderly in the faller group had fallen more

than one in the past 12 months. The most falls occurred outdoor (fifty-seven percent) as a

resuit of trip, slip and postural transition such as moving from sitting to standing or standing

to sitting, sitting on a chair and stepping up or down the stairs. Fallers and non-fallers

groups did not differ in age, weight, high, BMI, systolic blood pressure, diastolic blood

pressure, heart rate, lower limb muscle strength, functional ambulation category and MMSE

score (p > 0.05).

TABLE 4 SUBJECT' S DEMOGRAPHIC AND CLINICAL CHARATERISTICS

Demographic & Characteristics Non-fallers (n=92) Fallers (n=92) P-value
Age (years) : 68.23 + 5.60 69.59 + 5.84 0.109
Gender (%): Female 55.43 58.70 -

Male 4457 41.30
Fall history within 0 100 -
12 months (%):
1 - 38.04
More than 1 - 61.96
Fall locations (%): Indoor - 42.39 -



Demographic & Characteristics Non-fallers (n=92) Fallers (n=92) P-value

Outdoor 57.61

TABLE 4 (continued)

Demographic & Characteristics Non-fallers (n=92) Fallers (n=92) P-value

Types of fall Slip
] 30.43
%):
%) Trip -
- 47.83 -
Postural
A - 21.74
transition
Weight (kg): 66.09 + 6.13 67.87 £ 6.35 - 0.055
Height (cm): 166.28 £ 5.97 165.35 + 5.51 0.271
BMI (kglmz):' 23.81 £ 2.23 2475 + 2.65 0.074
Systolic BP
125.61 £ 5.11 124,77 + 6.36 0.327
(mmHg): )
Diastolic BP
83.10 £ 3.98 82.74 £ 4.62 0.574
{(mmHg):
Heart Rate
80.54 + 4.32 81.21 £ 4.90 0.332
{(bpm):
LE Muscle
4 4 -
strength (/5):
FAC Score (/5): 5 5 -
MMSE Score
27.11 £ 1.94 26.63 + 1.93 0.096

(/30):
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values are shown in mean t SD, kg; kilogram, cm; centimeter, BMI; Body mass
index, bpm; beats per minute, BP; blood pressure, LE; lower extremity, FAC; functional
ambulation categories, MMSE; The Mini Mental State Examination. except the LE muscle

strength and test by manual muscle test and FAC score is presented as median.

Figure 11 shows functional balance performance score on the FES - Thai version
and the TUG for fallers and non-fallers. Fallers group demonstrated significant lower FES
score (67.46 + 6.82 scores) than the non-fallers group (94.72 + 5.46 scores) (FIGURE 11A).
Similar results were seen in the TUG scores where the fallers group spent ionger time to
complete the test (23.71 £ 9.85 seconds) than the non-fallers group (12.26 + 3.75 seconds)
(FIGURE 11B).

A B
Falls Efficacy Scale Time Up and Go Test
; kK - Jede %
100 e : 1
80- § 30+
@ Q
s -
9 a0 @ "
20- .:.E' 1
c ] c 11
Non-Faller Faller Non-Faller Faller
Groups Groups

FIGURE 11 BALANCE SCORES BETWEEN FALLER AND NON-FALLER GROUPS IN
FALLS EFFICACY SCALE (A) AND (B) TIME UP AND GO TEST

*** Significant difference between fallers and non-fallers at p < 0.001.

Figure 12 shows the composite scores of the NeuroCom® foam and the AIREX®
Balance-Pad foam from all participants. The mean compaosite score of the NeuroCom® foam
was 426.27 + 65.72 seconds (88.80 % of maximum possible score) and AIREX® Balance-

Pad foam was 430.95 + 63.53 seconds (89.79 % of maximum possible score), indicating
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declined balance performance in elderly. There was no difference in composite score when
standing on the AIREX® Balance-Pad foam and the NeuroCom® foam (p = 0.125),
"indicating that participants could maintain stability on the AIREX® Balance-Pad foam similar

®
to this ability on the NeuroCom foam.

450+
420
390
360+
330+

Composite Score (seconds)

NeuroCom® AIREX
Foam Types

FIGURE 12 A COMPOSITE SCORE FOR TWO TYPES OF FOAM PAD.

Figure 13 shows the mean composite scores between fallers and non-féllers when
standing on two types of foam pads. During standing on the NeuroCom® foam, the faller
group (381.92 + 63.82 seconds) had significantly lower composite score than the non-faller
group (470.61 = 2522 seconds). Similarly, when standing on the AIREX® Balance-Pad
foam, the faller group (388.18 + 62.95 seconds) had significantly lower composite score
than the non-faller group (473.72 + 21.33 seconds). This finding indicated that the fallers
could maintain stability for a shorter period of time when compared to the non-fallers. No
significant difference on the composite scores were found between NeuroCom® foam and

AIREX” Balance-Pad foam.
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Time to maintain stability of mCTSIB

%\ * % %
= 4807 de & % i
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FIGURE 13 A COMPOSITE SCORE FOR TWO TYPES OF FOAM PAD BETWEEN
FALLER AND NON-FALLER GROUPS.

values are shown as mean + SD. *** Significant difference between fallers and non-

fallers at p < 0.001.

Figure 14 shows the average time to maintain stability for each condition of the
mCTSIB between the faller and non;faller groups when using NeuroCom® foam and
AIREX® Balance-Pad foam. There was no difference in time to maintain stability between
groups during eye open-firm surface condition. Difference between fallers and non-fallers
was evident during eye closed-firm surface condition. Standing on foam condition, either
NeuroCom® foam or AIREX® Balance-Pad foam resulted in larger differences of time to
maintain stability between fallers and non-fallers during both eye open and eye-closed

condition. There is no difference between foam types on time to maintain stability.
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FIGURE 14 TIME TO MAINTAIN STABILITY IN EACH CONDITION BETWEEN FALLERS
AND NON-FALLERS.

values are shown as mean + SD, EO; floor - eyes opened, EC; floor - eyes closed,
N-EO; NeuroCom® foam - eyes opened, N-EC; NeuroCom® foam eyes closed, A-EO;
AIREX® Balance-Pad foam - eyes opened and A-EC; AIREX® foam eyes closed. ***

Significant difference between fallers and non-fallers at p < 0.001.

Figure 15 shows center of mass (CoM) acceleration signal during standing on
mCTSIB conditions between a representative faller and a representative non-faller elderly
participant. The magnitude of acceleration signals was larger and more dispersed in the
faller participant compared to the non-faller for all mCTSIB conditions and all types of foam,
except standing on floor with eyes open condition. Consistent with these observations, the
other sway variables such as sway area, RMS-AP and RMS-ML, showed differences

between the fallers and non-fallers groups (FIGURE 16 - 18).



45

Conditions Groups

Non-Fallers Fallers

Eyes opened

Eyes closed

NeuroCom®-

eyes opened

AIREX®.

eyes opened

NeuroCom®-

eyes closed

AIREX®.

eyes closed

FIGURE 15 THE ACCELERATION TRAJECTORIES IN THE HORIZONTAL PLANE FOR
TWO REPRESENTATIVE PARTICIPANTS IN THE mCTSIB CONDITIONS USING THE
NEUROCOM® AND THE AIREX® BALANCE PAD FOAM.

AP; anteroposterior, ML; mediolateral
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Figure 16 shows mean values of the sway area for each condition of the mCTSIB
between the faller and non-faller groups when using NeuroCom® foam and AIREX®
Balance-Pad foam. Significant differences of sway area were found between faller and non-
faller groups when standing on foam conditions (p < 0.001), while the differences between
group were not found when standing on firm surface during both eyes opened (p = 0.615)
and eyes closed conditions (p = 0.862). There was no difference in sway area between two

types of foam.

. 2.25 M Non-Faller
“n 2.00 f E A Faller
~" 175
é 1.50 Kdck
1.25 { .
] ek I ]* I
*

0.75
0.50 I
0.25
EO EC N-EO N-EC A-EO A-EC

Conditions

FIGURE 16 MEAN SWAY AREA IN THE mCTSIB CONDITIONS BETWEEN FALLERS
AND NON-FALLERS WHEN USING THE NEUROCOM® AND THE AIREX® BALANCE
PAD FOAM.

values are shown as mean x SD, EO; floor - eyes opened, EC; floor - eyes closed,
N-EO; NeuroCom® foam - eyes opened, N-EC; NeuroCom® foam eyes closed, A-EO;
AIREX® Balance-Pad foam - eyes opened and A-EC; AIREX® foam eyes closed. **
Significant difference between fallers and non-fallers at p < 0.00. *** Significant difference

between fallers and non-fallers at p < 0.001.

The average RMS-AP of CoM acceleration for each condition of the mCTSIB
between faller and non-faller groups when using NeuroCom® foam and AIREX® Balance-

Pad foam was shown in Figure 17. Significant larger of RMS-AP of CoM acceleration (p <
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0.05) in fallers than the non-fallers were found when standing on foam conditions, but not
under firm with eyes opened and eyes closed conditions (p = 0.837 and p = 0.570

respectively). There was no difference in RMS-AP of CoM acceleration between two types

of foam.

0.35 .

0.30 : {] i
o * x%k
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0. : :
< o015 :
192
= 0.10
o
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0.00

EO EC N-EO N-EC A-EO A-EC

Conditions

FIGURE 17 MEAN ROOT MEAN SQUARE OF ACCELERATION IN ANTEROPOSTERIOR
(RMS-AP) DIRECTION IN EACH CONDITION BETWEEN FALLER AND NON-FALLER
GROUPS WHEN USING THE NEUROCOM® AND THE AIREX" BALANCE PAD FOAM.

values are shown as mean = SD, RMS; root mean square, AP; anteroposterior, EO;
floor - eyes opened, EC; floor - eyes closed, N-EO; NeuroCom® foam - eyes opened, N-EC;
NeuroCom® foam eyes closed, A-EOQ; AIREX® Balance-Pad foam - eyes opened and A-EC;
AIREX® foam eyes closed. * Significant difference between fallers and non-fallers at p <

0.05. ** Significant difference between fallers and non-fallers at p < 0.00.

The average RMS-ML of CoM acceleration for each condition of the mCTSIB
between the faller and non-faller groups when using NeuroCom® foam and AIREX®
Balance-Pad foam was shown in Figure 18. Significant larger of RMS-ML of CoM
acceleration (p < 0.001) in fallers than the nbn-fallers were found when standing on foam

conditions, but not under firm with eyes opened and eyes closed conditions (p = 0.305 and
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p = 0.585 respectively). There was no difference in RMS-ML of CoM acceleration between

two types of foam.
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FIGURE 18 MEAN ROOT MEAN SQUARE OF ACCELERATION IN MEDIOLATERAL
(RMS-ML) DIRECTION IN EACH CONDITION BETWEEN FALLERS AND NON-
FALLERS

values are shown as mean * SD, RMS; root mean square, ML; mediolateral, EO;
floor - eyes opened, EC; floor - eyes closed, N-EO; NeuroCom® foam - eyes opened, N-EC;
NeuroCom® foam eyes closed, A-EO; AIREX® Balance-Pad foam - eyes opened and A-EC;
AIREX® foam eyes closed. *** Significant difference between fallers and non-fallers at p <

0.001.

Receiver operating curves for identifying participants with history of falls using the
mCTSIB composite scores from the use of the NeuroCom® foam and AIREX® Balance-Pad
foam are presented in Figure 19. Together With the AUC (Table 9), the composite scores
from using both NeuroCom® foam and AIREX® Balance-Pad foam were highly accurate for
identifying participants with history of falls. Table 9 also demonstrated comparable cutoff
score (447 and 452 out ‘of 480), sensitivity, specificity, and percentage of accuracy using
the cutoff score between NeuroCom® foam and AIREX® Balance-Pad- foam (TABLE 9). In

addition, the LR+ and LR- analyses indicated that both the NeuroCom® foam and AIREX®
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Balance-Pad foam were the appropriate equipment used for the mCTSIB to identify

participants with history of falls.

ROC Curve
1.0 '
,f Source of the Curve
i
0.8 § Reference Line
i NeuroCom®
0.6 { ®
. : e -  AIREX

0.44;

Sensitivity

0.2

0.0 U ] T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

FIGURE 19 RECEIVER OPERATING CURVE (ROC CURVE) TO IDENTIFY THE
FALLERS USING THE COMPOSITE SCORE FROM THE NEUROCOM® FOAM AND
AIREX® BALANCE-PAD FOAM
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TABLE 5 AREA UNDER THE CURVE, CUTOFF SCORE, SENSITIVITY, SPECIFICITY,
LIKELIHOOD RATIO AND PERCENTAGE ACCURACY OF COMPOSITE SCORE

®
NeuroCom foam

AIREX® foam

AUC (95% ClI) 0.94 (0.90 - 0.97)
Cutoff score 447
Sensitivity (95% CI) 0.89 (0.81 - 0.93)
Specificity (95% CI) 0.89 (0.83 - 0.95)
Positive likelihood ratio 8.17
Negative likelihood ratio 0.12
Posttest accuracy (%) 89.13

0.95 (0.92 - 0.98)
452

0.90 (0.83 - 0.95)

0.92 (0.81 - 0.93)
11.86
0.10

90.21

AUC; Area Under the Curve, CI; Confidence Interval, posttest accuracy was

calculated using the selected cutoff score.



CHAPTER 5
DISCUSSION AND CONCLUSION

Discussion

This study aimed to compare the time to maintain stability between elderly fallers
and non-fallers and compare the accuracy of identifying elderly with history of falls using the
composite scores derived from AIREX® Balance-Pad foam and the NeuroCom® foam. Our
results demonstrated similar time to maintain stance stability in all mCTSIB conditions
(composite score) when standing on the AIREX® Balance-Pad foam and NeuroCom® foam.
These results highlighted clinical utility of these foams such that both foams can be used
interchangeably to evaluate stance stability as measured by mCTSIB test, resulting in
economic benefit in clinic because the AIREX® Balance-Pad foam (5,000 baht) is less
expensive than the NeuroCom® foam (30,000 bath).

Similar composite score when using the AlREX® Balance-Pad foam and the
NeuroCom® foam could be due to relatively similar physical properties of the foam, namely
size, thickness, shape and Young’s modulus. Previous studies suggested that Young's

(43, 115)
. They

reported the Young’s modulus of 0.14 Mega Pascal (MPa) for the NeuroCom® foam “ and

(4

modulus was the important physical property related to postural instability
0.26 MPa for the AIREX® balance pad foam “ The mCTSIB is a measure of sensory
systems and sensory interaction function of postural control systems, visual, vestibular, and

162 . ..
( ). Relatively similar

proprioceptive systems ©9 which is deteriorated with increasing age
physical properties of both foams result in similar composite score of mCTSIB, indicating
that both foams perturbed the somatosensory inputs to the central nervous system in the
similar amount.

This study also confirmed the usefulness of foam in differentiating balance ability
between faller and non-faller elderly. This can be seen from different standing duration

during mCTSIB and different RMS of acceleration. Lower composite score of faller elderly

suggested that faller group had lower balance ability than the non-fallers group. Meta-
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analysis of when standing on force platform technique of mCTSIB reported larger and more
dispersed of sway area, RMS-AP and RMS-ML when standing on foam conditions in elderly
fallers (163). In line with this finding, previous studies also reported poorer balance ability in
elderly fallers in4 term of TUG and FES measurement. The TUG has been shown to be a
moderate prediction of balance ability and fair diagnosis accuracy in discriminating héalthy

elderly fallers © 199 The FES demonstrated moderate to excellent prediction ability in

discriminating elderly community dwelling with fallers e, 1z 164)_ In the present study, our
fallers also took longer time to complete the TUG test and demonstrated lower score of the
FES when compared to the non-fallers, indicating that elderly participants with falling history
had poor mobility and balance performance and higher level of fear of falling in performing
activities of daily living.

Our study revealed thét difference in standing balance ability during mCTSIB
between fallers and non-fallers was not evident when there were abundant sensory inputs
from all sensory systems (somatosensory, visual and vestibular systems), as during
standing on firm surface with eyes opened condition. These findings were in accordance
with previous studies that reported faller showed similar standing duration on firm surface

4

]
with eyes opened condition when compared to non-fallers ). In addition, previous studies

reported that measuring RMS-AP and RMS-ML on eye-open firm surface condition failed to
differentiate elderly with falling history from those without falling history (3941).
The two types of equipment, a stopwatch and linear accelerometers assessment

“65). Both tools used in this

has demonstrated good validity and reliability for postural sway
study showed similar ability to differentiate fallers from non-fallers under several conditions
of the mCTSIB test. However, only a stopwatch measure time to maintain balance could
differentiate fallérs from non-fallers under firm surface with eyes closed condition.
Reasonable explanation was that the time to maintain stability terminated in relation position
of participants to prevent a fall e.g. arms change or eyes opened during eyes closed
condition. These minor movements may not cause large movement of lumbar segment.

. th ’
Therefore, the result on linear accelerometer assessment at the 5 lumbar level - between

fallers and non-fallers was not different. Consequently, the present study confirmed that a
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stopwatch (clinical setting) for time to maintain stability could be used to correctly identify
elderly who have risks of falls during mCTSIB testing. These findings suggested that
composite score of the mCTSIB test had potential to identify elderly who was prone to fall.
The composite score of 447 and 452 (out of 480) were suggested as the cutoff
score for identifying the elderly with fall history when using the NeuroCom® foam and
AIREX® Balance-Pad foam, respectively. These cutoff scores are different from the score of
less than 260 seconds (out of 540 seconds) that was suggested by a previous study (33).
Such difference is due to differences in number of conditions, the repetition of the test, and
the duration for each condition of the sensory integration test. In the previous studies, three
repetitions of the six conditions of the CTSIB, 30 second each condition was used, whereas
in the present study, no repetition of the four conditions of the mCTSIB, 120 seconds each
condition was used. In addition, the discrepancy of the findings could arise'from differences
in characteristics of the participants. Elderly who were participated in the present study
were more active and younger (mean age of 69 years) than frailty elderly (mean age equal
or over 80 years) participated in the previous study (33). This study confirmed that the
composite scores yielded from the AIREX® Balance-Pad foam could identify elderly fallers.
To approach accuracy and consistency of the use of AIREX® Balance-Pad foam and
NeuroCom® foam in the mCTSIB, the selection the cutoff score of foam type should be

aware.

Limitation and suggestion

The healthy and active elderly persons were recruited to participate in this study.
These can be seen from the level of lower extremity muscle strength and functional
ambulation categories. Therefore, results from this study can be applied to the same
characteristics of elderly participants. Further study should include elderly with different
performance in the evaluation of the AIF{EX® Balance-Pad foam for mCTSIB. In addition,
we extended the standing duration in each condition from the 30 seconds (in the original
mCTSIB) to 120 seconds, as no difference was found during the first 30 seconds. One

should be cautious when applying this results in the clinic where only 30 seconds are
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required for testing mCTSIB such that both types of foams do not differ in term of time to

maintain stance stability during that short period of standing.

Conclusion

The AIREX® Balance-Pad foam and NeuroCom® foam can be used
interchangeable to identify elderly who has and has no history of falls. The composite score
of standing duration during 4 conditions of mCTSIB was suggested as an indicator to
differentiate between elderly who has and has no history of falls. The cutoff composite
score was 452 with sensitivity of 0.90 and specificity of 0.92 for the AIREX® Balance-Pad

foam, and 447 with sensitivity of 0.89 and specificity of 0.89 for the NeuroCom® foam.
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1. Muscle power (Lower extremity)
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Right side Left side
Hip flexion/extension ..o e
Hip abduction/adduction ..............c.lvnis i e,
Knee flextion/extension ...
Ankle dorsiflexion/plantarflexion ...........cooviiiiiiiiiiis
2. Sensory test
Right side Left side
Thigh Shin/Calf Ankle Thigh Shin/Calf Ankle
Light fouch
Pinprick
Right side Left side
Hip Knee Ankle Hip Knee Ankle
Proprioception

3. Vestibular disorders
Vertigo

Nystagmus
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MEDICATIONS AFFECT TO BALANCE

List of medications affect to balance

1) Antihypertension
[J Digoxin [] Diuretic
[0 other oo, -

2) Antidepressant

[0 sedative 0 Amitriptyline

[0 Benzodiazepines [0 Barbiturates

[0 Alcohol derivative L0 other cooooevriieieiiiiiiiiee,
3) Antianxiety

[} valium (0 Ativan

L1 Other ....cooiviiieiiiiiiii
4) Cardiovascular drugs

0 Antihypertensives {7 Nitrates

0 Anti-arrhythmics [J Nicotinic acid

] Adrenoceptor blocker eye drops [ other ..........cccooiiiiiiiinnnn.

5) Mood stabilize
[J Carbamazepine 0 other .ooooveiieeieeeeiiiiees

6) Antipsychotic drug
[J Chlorpromazine {1 Hadol
3 Phonothiazine D other oo

7) Other drugs
[J Analgesics 1  Antivertigo preparations
0 Hypoglycaemics [J Urinary antispasmodics
O other .ooooeiiiiiiiie e,
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TIME UP AND GO TEST
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Instructions: When the patient is ready, say “Go” and the stopwatch should start when you

say go, and should be stopped with the patient’s buttocks touch the seat.

Step 1: Stand up

Step 2: Walk 3 metrés

10 seconds

Step 4: Walk 3'metré§ o

Step 5: Sit down

D Unstable on turning?

D Walking aid used? Type of aid:

Test One: Trial Total Time: seconds
Test Two: Trial Total Time: seconds
Test Three: Trial Total Time: seconds

Time average: ................cooo.l. seconds

Step 3
Rt
around
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FALLS EFFICACY SCALE
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APPENDIX F '

MODIFIED CLINICAL TEST FOR SENSORY INTERACTION AND

BALANCE (mCTSIB)

Instruments: Proceed to next condition when one, 2 minutes trial is completed are performed.

Condition One: Eyes Open, Firm Surface
Trial Total Time: / 2 minutes

or ( / 120 seconds )

Condition Two: Eyes Closed, Firm Surface
Trial Total Time: / 2 minutes

or ( / 120 seconds )

Condition Three: Eyes Open, Foam Surface

NeuroCome Foam Airex Foam
Trial Total Time: / 2 minutes Total Time: / 2 minutes
or ( / 120 seconds ) or ( / 120 seconds )

Condition Four: Eyes Closed, Foam Surface
NeuroCome Foam Airex Foam
Trial Total Time: / 2 minutes Total Time: / 2 minutes

or ( / 120 seconds )} or { / 120 seconds )
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COMPUTER RANDOM

- Random Sequence

91

Number of Number of
. Conditions Conditions
Sequence Sequence
1 Eyes Open 2 Eyes Closed
3 NevuroC-om foam with 4 NeuroCom foam with
Eyes Open Eyes Closed
5 Airex foam with Eyes 6 Airex foam with Eyes
Open Closed
- Subject Number
Subject Random Subject Random Subject Random
Number Sequence Number Sequence Number Sequence
1 6 51423 2 4 3256 1 3 251436
4 |546132| 5 |613245| 6 |526341.
7 4 51236 8 135246 9 6 24531
10 132456 | 1 |154632 |12 |542613.
13 362154 14 361254 15 4 25361
16 | 643251 | 17- | 165432 | 18 143502
19 2543186 20 354612 21 3216254
22 |142563| 23352164 | 24 | 364152
25 4 256 31 26 3624561 27 32 4
28 | 145623 20 |462513 93 |124
31 4 526 31 32 | 4 235 16 33 41 3
34 | 146523] 5 [ 432165 | 3 |451
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ETHICAL CONSIDERATIONS
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APPENDIX J

SUBJECT CHARATERISTICS
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APPENDIX K

THESIS APPLICATIONS
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